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LIFT DATA SHEET

rvaME: Pacoima Tram

TYPE: Aerial Tram

LINE: Slope Length ...............................2091.57 ft. (637.51 m)
Vertical Rise ................................ 519.06 ft. (158.21 m)
Average Grade ............................25.80%

SPEED ....................................:.................400fpm (2.03 m/S)

CAPACITY ......................................................60 p/hour

NUMBER OF CARRIERS ......................................1

POWER OF
ELECTRIC MOTOR ...............................................50 HP C~ 1745 rpm

POWER OF EVAC. ENGINE ...............................25 HP ~ 3600rpm

DIAMETER OF TRACK ROPE ..............................26 mm

DIAMETER OF HAUL ROPE ................................16 mm

HYDRAULIC TENSION
TRACK ROPE RAM .................................1415 psi (98 bars )
LORRY RAM .............................................1415 psi (98 bars )

LINE GAUGE ......................................................4.10 ft. (1.25 m)

DIRECTION OF ROTATION .................................CW

ORIGIN OF PROFILE Poma of America, Inc.

PROFILE NUMBER C51013

DATE February 1998

Section 7: 1999
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i. Lift Operation

Speeds

* speed 2.03 m/sec. 400 ff/min.

` over-speed speed x 1.1 = 2.23 m/sec. 440 ff/min.

`emergency speed 0.508 m/sec. 100 ft/min.

u. Hydraulic Tension of the Cables

Track rope tension system

OPERATING PRESSURE in the ram ............................................ 98 bars (1415 psi)

LOW PRESSURE SWITCH (on the hydraulic unit)
Must trip and cause the stopping of the lift 'rf the pressure falls to:

............................................................ ....... 88 bars (1274 psi) f

This corresponds to an operating pressure decrease of 10%.

'HIGH PRESSURE SWITCH (on the hydraulic unit)
Must trip and cause the stopping of the lift if the pressure rises to:

................................................................... 108 bars (1557 psi) ~—

This corresponds to an operating pressure increase of 10%.

Haul rope tension

OPERATING PRESSURE in the rams .......................................... 98 bars (1415 psi)

LOW PRESSURE SWITCH (on the hydraulic unit)
Must trip and cause the stopping of the lift 'rf the pressure falls to:

................................................................... 88 bars (1274 psi)

This corresponds to an operating pressure decrease of 10%.

HIGH PRESSURE SWITCH (on the hydraulic unit)
Must trip and cause the stopping of the lift if the pressure rises to:

................................................................... 108 bars (1557 psi)

This corresponds to an operating pressure increase of 10%.

Section 1: 1999
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ni. Adjustment of the Bul/whee/ Brakes

* Pressure A :Braking pressure
(when the pads are in contact with the braking track) 100 bars(1450 psi)

* Pressure B: Brake clearance pressure
(the pads are not in contact with the braking track) 170 bars (2465 psi)

The brake pressures listed here are based on assumptions about shoe friction.
This friction may vary due to environmental factors such as water, ice, snow,
rust, oils or greases on the braking surface or brake shoes. These values should
be used as guidelines only. The brakes shall be adjusted to produce the holding
force listed in the Brake Test Procedures in this section.

~v. Cable Tensions and Loads

The tensions and the loads on the equipment given below are the most extreme,
considering all loading conditions.

NOTE: Releasing the hydraulic rams can reduce the tensions and loads.
ATTENTION: However, doing so makes the tensions and loads very difficult to predict.

• CABLE TENSION:

Track Rope

at the drive terminal ......................16650 daN

at the return terminal ....................18126 daN

Haul Rope

at the drive terminal ......................2280 daN

at the return terminal ....................2380 daN

• LOADS ON STRUCTURES

Track Rope Reaction

at the drive tower ..........................7386 daN

at tower 1 ......................................7691 daN

at tower 2 ......................................3628 daN

at the return tower ........................18074 daN

Haul Rope Reaction

s~tion is ~sss
Pacoima Operations Manual

(37431 Ibs.)

(40749 Ibs.)

(5126 Ibs.)

(5350 Ibs.)

(16604 Ibs.)

(17290 Ibs.)

(8156 Ibs.)

(40632 Ibs.)

at the drive tower ..........................4259 daN (9575 Ibs.)

at tower 1 ......................................1969 daN (4426 Ibs.)

at tower 2 ......................................756 daN (1700 Ibs.)

at the return tower ........................4737 daN (106491bs.)
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v. Internal Combustion Engines

Evac Engine .......................................................... Kohler CH25

Genset................:................................................... Cummins 50KW

vi. Drive Belt Tensioning

• Electric motor (normal operation)

Motor Sprocket Teeth # .......................................... 48

Gearbox Sprocket Teeth # ...................................... 50

Belts: Number ...............1 Size........... Poly Chain 14M-1960-20

Shaft Center Distance ............................................. 25.08 in.

Belt Tension -max ............................:..................... 201.6 Ibs.

Deflection at the center of the span ........................ 0.39 in.

New Belt Installation Force .....................................20.4 {bs.

Used Belt Retensioning Force ................................17.9 Ibs

• Hydraulic motor (evacuation operation)

~, Motor Sprocket Teeth # .......................................... 48

Gearbox Sprocket Teeth # ...................................... 50

Belts: Number ...............1 Size...........Poly Chain 14M-1750-20

Shaft Center Distance ............................................. 25.94 in.

Belt Tension -max .................................................. 195.58 Ibs.

Deflection at the center of the span ........................ 0.33 in.

New Belt Installation Force .....................................19.7 Ibs.

Used Belt Retensioning Force ................................17.2 Ibs

VII. Brake Testing Values (Minimum Test Values)

Bullwheel Brakes .....................................................110 ft-Ibs.

Track Rope Brake ........................................:..........3200 Ibs.

Note: Bullwheel Brake test values are given in torque applied to the electric motor shaft.

Section 1: 1999
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VIII. HaLI/ ROpB shall comply with all provisions of ANSI B77.1, Section 7.1 or
CAN/CSA-Z98-96 and CSA-G4.

Manufacturer: Fatter

Construction: 6 z 19 Seale

Wire
King Wire ..................................... 1860 N/mmZ
Inner, Outer Wire ......................... 1960 N/mm2

Core........................................................... Polypropylene

Lay.......................................................................... Right Lang

Diameter .............................................................. 16mm +2% / -1

Strength .............................................................. 17659daN (39700 Ibs. )

Length ...............................:.................................. 4225 ft.

Lightly lubricated with Elaskon 2066.

IX. TI"c7CIC ROJ7e shall comply with all provisions of ANSI 677.1, Section 7.1 or
CAN/CSA-Z98-96 and CSA-G4.

Manufacturer: Bridon

Construction: Full Lock Aerial rope

Wire
King W ire ..................................... 1960 N/mm2
Outer Wire .................................... 1570 N/mm2
Inner Wire ............... 1960 N/mm2

Lay.......................................................................... Full lock RH

Diameter .............................................................. 26mm +2% / -1

Strength .............................................................. 64723daN (145504 Ibs. )

Length.................................................................. 2107.5 ft.

Lightly lubricated with castor oil.

x. Electric Motor

Brand .......................................................................General Electric

Framesize ............................................................... CD328AT

HP............................................................................ 50 Hp

RPM....................................................................... 1750 rpm

Voltage.................................................................. 500

Section 1: 1999
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x~. Gear Reducer

Brand....................................................................... Kissling

Model..................................................................... T-246

Ratio........................................................................ 53.97:1

Section 1: 1999
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MONTHLY BRAKE TEST' PROCEDURES

AREA :Pacoima Dam

LIFT :Pacoima Aerial Tram

CAPACITY/

SPEED : 60pph / 400fpm

CONTENTS:

I. Introduction
II. Bullwheel Brake Test
III. Brake Test Diagram
IV. Track Rope Brake Test
V. Track Rope Brake Test Diagram

THESE PROCEDURES SHALL BE PERFORMED BY TRAINED AND
COMPETENT PERSONNEL AS RE(~UIRED BY ANSI 877.1-1992,
SECTION 2.3.3.2.

Section is 1999
Pacoima Operations Manual
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i. INTRODUCTION

These procedures provide static tests of the holding power of the service brake and the emergency
brake.

These tests shall be conducted at least monthly and immediately prior to the operating season. In
the event any repairs, adjustments or mod'rfications are made to any brake system at any time, these
tests shall be successfully completed prior to opening the. lift for transportation of any person or
persons.

The intent of these procedures is to demonstrate that the brake systems will perform properly and
hold the load for which the lift was designed.

There are to be no passengers on the lift during these tests.

FAILURE TO SUCCESSFULLY PERFORM THESE TESTS MAY
RESULT IN SERIOUS INJURY OR DEATH TO PERSONS ON OR
NEAR THIS LIFT.

Section 1: 1999
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Lift Name: Pacoima Aerial Tram
Capacity/speed: 60 pph/400fpm

BULLWHEEL BRAKE TEST

Locate empty cabin at drive terminal approximately 15 inches from the docked position.

2. Open main power disconnect.

3. Turn the OPERATIONS MODE SELECTOR switch to AUXILIARY.

4. Push the RESET BUTTON.

5. Pump up the bullwheel brakes using the hand pump.

6. Apply the one buliwheel brake by opening one dump valve, and be certain the second
bullwheel brake remains released. Note: On some models of bullwheel brake pumps, it
may be necessary to manually hold the bullwheel back stop brake solenoid valve closed.

7. Set a torque wrench to 110 ft-Ibs. Position the torque wrench on the bolt on the output shaft
of the electric motor. Rotate the torque wrench and observe desired torque is attained and
the bullwheel does not move. (See Brake Test Diagram)

8. If the buflwheel brake slips, re-adjust them following the procedure in the OPERATION AND
MAINTENANCE MANUAL, then repeat the test.

9. After successfully completing this test, remove the test equipment. Prior to opening the lift
for transportation, operate the lift through a series of starts and stops to be certain that all
brake systems are operating properly. Check stopping distance.

Section 1: 1999
Pacoima Operations Manua!

~]



,;

ui. BULL WHEEL BRAKE TEST DIAGRAM

TORQUE
WRENCH

ELECTRIC
MOTOR
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iv. TRACK ROPE BRAKE TEST

1. Locate empty cabin at drive termind~ approximately 4-6 feet from the docked position at the
drive terminal

2. Manually set the track rope brake by opening the valve in the cabin.

3. Place acome-a-long with a dynamometer between the truck and drive tower. Make sure the
come-a-long and dynamometer are as close as possible to the axis of the track rope. Use
rigging rated at a minimum of 4,000 Ibs. (See Track Rope Brake Test Diagram).

4. Tension the set up using the come-a-long to a value of 3200 Ibs. Verify that the brake did
not slip on the track rope. Note the value given is adjusted for the angle of rope at the drive.
The test musf be preformed at the drive or the pull test value will change.

5. If the track rope brake slips prior to reaching this value, adjust brake and repeat test. (See
Carrier section of Maintenance Manual)

6. After successfully completing this test, remove the test equipment. Prior to opening the lift
for transportation, operate the lift through a series of starts and stops to be certain that all
brake systems are operating properly.

v. TRACK ROPE BRAKE TEST DIAGRAM

Section is 1999
Pacoima Operations Manual
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p~11~1A
April 15, 1999 pOMA OF AMERICA, INC.

Ms. Reem Shamma
LA County Department of Public Works
900 South Fremont Ave.
Alhambra, CA 91803-1331

Dear Reem:

Regarding operation of the Pacoima tram in winds, we offer the following. As you are aware, the
tram has been designed for operation in winds up to 67 mph. However, wind effects on aerial lifts
involve _many variables. These include wind speed, wind direction, wind exposure, gust to average
speed differences, period of gusts, lift speed and line loading. Any attempt to calculate safe wind
speeds involves so many assumptions that the results are inaccurate and possibly dangerous in fhe
sense that they create an attitude of reliance on wind speed and direction measurements at specific
points of the lift line and a chart of recommended lifts speed versus wind speed rather than visual
observation of the lift as it operates. Wind speed and direction measurements provide valuable
input to the lift supervisor's judgment of safe wind speed, but they cannot remove his/her
responsibility to operate the lift in a safe manner.

The Pacoima tram has been designed to allow 7° lateral swing, 30° longitudinal swing and the
combination of 7° lateral and 30° longitudinal swing of the carriers without contact with towers or line
equipment. The terminals can accommodate this swing at the entrance of the terminals with the

~' stabilization rail extensions. This lift has been designed to safely resist 100-MPH winds without
failure of the terminals, towers or foundations. However, many combinations of wind speed,
direction, exposure, lift speed and line loading can generate carrier swings in excess of 7°. Carrier
swing greater that 7° can cause carriers to contact towers and other equipment possibly resulting in
equipment damage or injury and/or death to passengers. Accordingly; it is the burden of the lift
supervisor to reduce speed or cease operations when conditions warrant. The following chart of
wind speed versus line speed should be used only as a general guideline. In the event of high
winds, visual monitoring of the lift line and terminals is essential to allow the lift supervisor to use
his/her judgement on safe speed and when to reduce or cease operation.

Wind Speed (MPH) Maximum Line Speed (ft./min)

0 - 30 400
30 - 35 250
35 - 40 180
40 - 67 100
Above 67 Cease Operation

If you have additional questions, please let me know.

Sincerely,

i~
R. Jefferson Smith, P.E.

cc: JF Mugnier

2510 FORESIGIiT CIRCLE (RAND JUNCTION, CO 81505 (970) 241-4442 -FAX (970) 241-3023
FAG'!'ERN OFFICE: P.O. BOX 3&, ROIITE 100 & 107, STOCHBRIDCiE, VT 05772 (802) 746-7955 -FAX (802 746-79&8



OPERATOR CONTROLS

This section describes the operator controls, fault annunciator and meters for Poma lifts.
There are control stations located at the drive and return load/unload platforms, electrical
cabinet and inside the cabin. Each station has an Emergency Stop, Normal Stop, up,
down, open door and close door. Sound powered phones and signal buttons are located
at the drive and return load/unload platforms and electrical cabinet.

EMERGENCY STOP: This button should be pressed when an emergency situation
exists. It will bring the lift to an abrupt stop by releasing the hydraulic pressure which
holds the bullwheel E-brake open and by disconnecting the power from the main electric
motor or by shutting off the fuel supply to the evac engine. It will also cause all auxiliary
motors and pumps such as the Tension Pump to shut off.

NORMAL STOP: This button will cause the lift to come to a smooth stop by using the
deceleration ramp in the DC Drive. If Evac Mode is selected, the fuel will be shut off to
the evac engine and the service brake will apply.

UP: This button will cause the lift to operate in a clockwise motion (cabin moving uphill),
unless the cabin is docked at the return. When pressed the lift will auto-reset and, if no
faults remain active, an audible bell will sound at the drive and return for three seconds.
After the alarm has sounded, the brakes will be pumped and the lift will accelerate to the
percent of full speed selected on the speed control potentiometer in drive control cabin
(full speed = 400 fpm). The cabin will travel at the selected speed until reaching the return
or until a fault/operator stop is initiated. The exception to this being when the cabin is
traveling over a tower, at which point it will decelerate to a preset speed to accommodate
a smooth ride. Note that the auto-reset process can take as long as 20 seconds and
therefore the UP button is inactive for a period of 20 seconds after being pressed.

DOWN: This button will cause the lift to operate in a counter clockwise motion (cabin
moving downhill), unless the cabin is docked at the drive. When pressed the lift will auto-
reset and, if no faults remain active, an audible bell will sound at the drive and return for
three seconds. After the alarm has sounded, the brakes will be pumped and the lift will
accelerate to the percent of full speed selected on the speed control potentiometer in
drive control cabin (full speed = 400 fpm). The cabin will travel at the selected speed until
reaching the return or until a fauldoperator stop is initiated. The exception to this being
when the cabin is traveling over a tower, at which point it will decelerate to a preset speed
to accommodate a smooth ride. Note that the auto-reset process can take as long as 20
seconds and therefore the DOWN button is inactive for a period of 20 seconds after being
pressed.

RESET: The reset button is located in the electrical cabinet on the drive platform. This
button is used to reset lift safeties. A valid reset can only occur if the lift is stopped (zero

1
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" T, speed detected by the PLC) and the service brake is set. If these conditions are not met
when the Reset Button is pressed, a Reset Fault will be annunciated. There is a 3-
second time delay between a reset and when the lift can be run. This time delay prevents
restarting the lift too quickly after a stop. Note that the brake position faults, which
indicate that the brakes are set, can not be reset using this button. The brakes are not
pumped until all other safeties are clear and a run command is received.

MODE SELECT: This switch selects the operating mode: Electric or Evac. Ensure the
gearbox is coupled properly.

CONTROL POWER: This key switch energizes the +24 VDC control circuits. It must be
turned on in order to run the lift.

SIGNAL: This button will sound the signal buzzers located in each load/unload area and
electrical cabinet on drive platform. It is used to initiate contact via the sound powered
phones.

PHONES: There are sound-powered phones located at the unload/load areas and in
electrical cabinet on drive platform.

LIFT SPEED METER: The lift speed is indicated in fpm (feet per minute) on the electrical
cabinet located on the drive platform. The meter also has two thumbwheels which control
the setpoints for cable tach overspeed and cable rollback.

WARNING: Only qualified personnel should adjust .the setpoints. Failure ' to
properly adjust the setpo'ints may result 

in loss of life or extensive
damage:to equipment.

CONTROL VOLTS METER: The +24 VDC control system voltage is indicated on this
meter which is located on the main drive cabinet. The normal operating range is between
23-28 VDC.

TRIP COUNTER: The trip counter registers the total number of trips. One trip is defined
as the carrier leaving the drive, docking at the return and then returning and docking at
the drive.

HOUR METER: This meter indicates total running lift hours. There is also an hour meter
located on the evac engine and genset which indicates how many hours the engine has
been running.

FAULT ANNUNCIATOR: The annunciator is located in the electrical cabinet located on

2
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the drive platform. The annunciator is a two-line VFD display, which show current faults
and lift status. The annunciator has function keys that allow the operator to select
bypasses and cheek stop distance and stop time.

Refer to the Electrical Section for a detailed explanation of how to use the fault
annunciator.

WARNING:; Use of safeties bypass may result in severe damage to equipment or
personalinjury including death.

3
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OPERATING PROCEDURES

1NTRODUCTI.ON

This lift has been designed for the uphill and downhill transportation of up to 6
passengers and light freight with a total weight capacity including passengers and freight
of 2240 Ibs. NO OTHER USE OF THIS LIFT IS PERMITTED without written consent
from Poma of America, Inc.

This installation requires operation by trained, competent and experienced personnel
operating strictly in accordance with: 1) its current design specifications, 2) its. current
operation instructions, 3) its current maintenance instructions and 4) all applicable
statutes, ordinances, rules, regulations and requirements of authorities having jurisdiction.

No safety system may be jumpered out during operation.

All required inspections and maintenance must have been performed

All required operating personnel must be at their proper position, fully trained and
experienced in all normal operation and emergency. procedures, and in a physical
condition which would not prevent his/her performance of duties.

These operating procedures are in accordance with ANSI B77.1 section 2.3 Operation
and Maintenance of reversible aerial tramways. It is imperative that operating and
maintenance personnel be familiar with the applicable provisions of this section.

Operation and maintenance of aerial ropeway equipment can be dangerous to personnel
performing these tasks. Procedures for performing these functions shall require
precautionary measures necessary to assure the safety of the personnel involved.
Implementation of the procedures intended for the protection of the public and operating
and maintenance personnel shall be the responsibility of the owner, supervisor, and the
individual worker.

Passengers and operating personnel shall be cautioned or prevented,. as required, from
transporting objects or materials that may encroach upon limitations of carrier clearances
or design live loads.

Failure to follow these instructions could result in an accident causing serious
injury to persons or serious damage to property including the lift.

4
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SPECIFIC INSTRUCTIONS FOR OPERATORS AND ATTENDANTS

Aerial lifts shall be operated by trained and competent personnel, and the owner shall be
responsible for their supervision and training. One or more persons familiar with
emergency procedures shall be on the site at all times when the facility is in regular
operation. All personnel shall practice good housekeeping, with particular emphasis on
avoiding the development of any condition that might contribute to personal injury.
Personnel shall comply with the operational rules and safety regulations of the specific lift.

SUPERVISOR

One individual, representing the owner, shall be in responsible charge for all operating
personnel and attendants. The supervisor shall be responsible for safe operation, and
shall have the authority to deny access to the lift to any person who, in the supervisor's
opinion, is not fit or competent to use the facilities without danger to self, others, or to the
equipment. The supervisor shall also have the authority to prohibit operation of the lift
under adverse weather or operational conditions. Although authority may be delegated to
others, the supervisor has the final responsibility.

OPERATORS

An operator shall be in charge of the lift. This operator shall be trained and experienced
in normal operational and emergency procedures.

ATTENDANTS

An attendant shall be assigned particular duties under the direction of the operator. The
attendant shall be familiar with operational and emergency procedures pertaining to this
assignment. This training shall include instruction for observation of any potentially
dangerous operational or mechanical developments within view.

CONDUCTOR

At least one passenger in the cabin during any period of tram operation shall be trained
and competent in lift evacuation procedures. The evacuation equipment must be in the
cabin and in good condition during any operation of the tram for passenger service.

5
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FIRST AID

One or more persons trained to administer first aid shall be available at all times when a
lift is operating and transporting passengers. There shall be ready access to first aid
supplies and equipment, including provisions for transporting an injured person to an
enclosed and, if required, heated shelter.

6
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MINIMUM OPERATING PERSONNEL

The following personnel are the minimum that shall be required per ANSI 677.1 section
2.3 code for reversible tramways:

An operator shall be in charge of each aerial lift.

One attendant shall be on duty ~at each loading /unloading platform

One conductor trained in evacuation procedures shall be present in 'the cabin during
operation.

An operator may serve concurrently as an operator and attendant at a loading or
unloading area that may be adjacent to the operator's station .unless the duties of that
area preclude maintaining reasonable surveillance of the entire lift operation.

7
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DUTIES OF OPERATING PERSONNEL

SUPERVISOR

The duties of the supervisor shall be as follows:

1) To determine that all lifts are operational and that all operating personnel are
trained, equipped and fit to perform their duties.

2} To discontinue operations of any lift due to physical, weather, personnel or other
reasons.

3) To enforce operational, maintenance and safety rules.

OPERATOR

The duties of the operator shall be as follows:

1) To assume responsible charge of the lift.

2) To assign and supervise all attendants on his/her lift.

3) To maintain an operational log book as required in later paragraphs of this section.

4) To advise the supervisor of any condition or occurrence that may adversely affect
the safety of the operation.

ATTENDANT

The duties of the attendant shall be as follows:

1) To maintain orderly passenger traffic conditions within his/her area of jurisdiction.

2) To advise and assist passengers, as required.

3) To maintain surveillance of his/her area of jurisdiction.

8
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CONDUCTOR

The duties of the conductor shall be as follows:

1) To be in charge of evacuation if rope evacuation is required.

2) To advise and assist passengers, as required.

The operator shall be advised of any unusual or improper occurrences. Should a
condition develop in which continued operation might endanger a passenger, the
attendant shall stop the lift immediately and advise the operator. The operator shall also
be advised of changes in weather, ground or snow surtace conditions.

9
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PRE-OPERATING INSTRUCTIONS

AFTER THE /NSTALLATlON HAS BEEN COMPLETED, THE FOLLOWING MUST BE
DONE:

1. Recheck that all structures, nuts and bolts, and electrical circuits are properly
installed and functioning, all towers aligned, and all foundations inspected.

2. Any construction materials which may have been left on towers and other
structures shall be removed.

3. All required signs -shall be installed.

4. The top and bottom terminals shall be cleaned up, circuits in place, and required
fencing in place for the loading and unloading areas.

BREAKING-lN PERIOD:

During the first week of operation, a thorough inspection should be done on the entire lift,
`~ paying attention to the following points:

1. Re-tighten all bolted connections.

2. Check alignment of all saddles and sheave assemblies.

3. Check all drive shafts and belts for alignment, lubrication and bolt torque.

4. Check and inspect the cabin truck (per Maintenance Manual).

5. Check and inspect all connections and fasteners on drive station and. return
station.

6. Check and inspect haul rope and track rope.

7. Check lubrication of all moving parts.

8. Check haul rope alignment at entrance and exit of bullwheels.

9. Check all electrical connections.

10
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OPERATIONAL PROCEDURES

PASSENGER CONTROL

Each lift shall have a definite method of marshalling passengers for safe loading and
unloading. Fences and gates may be required to implement the system.

FIRST AID

There shall be ready access to first aid supplies and equipment, including provisions for
transporting an injured person to an enclosed and, if necessary, heated shelter.

DA/L YPRE-OPERATIONAL INSPECTION

Prior to transporting passengers, a daily inspection shall be conducted. As a minimum,
the inspection consists of the following:

1. A visual inspection of each terminal, station and the entire length of the lift.

2. Assure that tensioning systems are functional and have adequate travel with
clearance at both ends of travel.

'~ 3. Operate all manual and automatic switches in terminals, stations and loading and
unloading areas.

A. All stop buttons
B. Start, stop and speed control switches
C. Safety gate

4. Test braking systems. Check brake adjustments.

5. Check the communication systems.

6. Check poly chain tension and alignment.

7. Check oil levels in all gearboxes.

8. Check fluid level in all hydraulic systems.

9. Check pressure and fluid levels in all braking systems.

1 Q. Run the lift, visually inspecting all ropes and the carrier.

11
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11. Ride up lift and check general conditions of the following:

A. Saddles-and sheave assemblies, haul rope and track rope alignment
B. Tensioning system
C. Condition of carrier

The first person riding the lift each day must be a competent and trained operator
or attendant who has a radio which can transmit to, or is in visual or voice contact
with, an operator at a control station.

This attendant should carefully observe the haul rope, track rope, cabin truck,
saddles, sheave assemblies, derail switches, signs, carrier clearance and should
listen carefully for unusual sounds. If any unusual condition is noticed, the lift must
be stopped immediately and the lift supervisor must give clearance before
restarting.

12. Inspect the cabin truck as required by maintenance instructions.

13. Check each control circuit for circuit continuity and integrity at its most remote
terminal on a daily basis.

14. Check oil, coolant, battery level, fan belts, hoses and fuel level on evac engine and
`a genset.

15. After all inspections, enter any irregularities into the log book noting the following:

A. Service has been done
B. Service to be done

The fuel supply of internal combustion engines should be verified. For primary power
units, there shall be sufficient fuel to operate for the expected time period of operation
without refueling. For evac only internal combustion engines, the fuel supply shall be
adequate to unload the lift. During refueling, power units should be shut down.

The evacuation engine shall be checked during this inspection and the lift should be run
with the auxiliary power at least once each week. The lift shall be operated using the
auxiliary unit for at least 30 minutes a month.

Loading and unloading areas shall be inspected and, if necessary, cleared of ice and
snow to permit the safe ingress and egress of passengers. Carriers shall be cleared of
ice to the extent necessary to permit safe operation, and mechanical components shall be
inspected and checked.

Inspection and checking the mechanical features of the carriers for correct operation.
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Genera!

The supervisor and operator of the lift shall review the requirements of 2.1 and section 7
of the ANSI B77.1 to ascertain that original design and installation conditions have not
been altered in a manner such as to violate the requirements of the standard.

STARTING THE LIFT

No lift shall be started except by the direction of or following clearance by the operator.
Aerial lifts while operating for the public shall be started at the operator's station only.
Capability for starting from other stations may be provided for maintenance and
emergency operations.

STOPS

After any stop of a lift, the operator shall determine the cause of the stop, and not restart
until clearance has been obtained from all attended stations.

DAMAGE TO CARRIER

Should any carrier . become damaged or otherwise rendered unfit for passenger
transportation during normal operations, it .shall be clearly and distinctly marked, and not

mm °, used for passengers until repaired or replaced. It shall be removed or repaired, as soon
as feasible.

HAZARDOUS CONDITIONS

When wind or icing conditions are such as might endanger passengers or equipment, all
passengers shall be .unloaded and lift operation discontinued. Criteria to establish this
degree of danger shall be predetermined based on the area's operational experience
and the manufacturers design considerations. If necessary under the predetermined
criteria, devices) shall be installed at appropriate locations) to ascertain wind velocity
and direction when aerial lifts are operated.

No lift shall be operated when there is an electrical storm in the immediate vicinity.

Should such conditions develop while the lift is in operation, passenger loading should
cease immediately and operation continued only as long as necessary to discharge ail
passengers.

When such a shutdown has been caused by an electrical storm, grounding of control
circuits and haul ropes that are used as conductors in communication systems is
permissible. Such grounding shall be removed prior to the resumption of passenger
operations.
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In the event of an earthquake, STOP THE LIFT. Inspect the terminals, structures,
foundations and all towers for damage and .for proper alignment. If this inspection reveals
no damage and correct tower alignment, the lift may be restarted and passenger
transport resumed. If damage is evident and risk to passengers may exist if the lift were
operated, the passengers should be evacuated from the lift and the lift closed for repairs,
STARTING THE L1FT

NOTICE

It 
is the supervisor's responsibility to operate the-lilt safely and to
reduce speed or to cease operations if conditions warrant.

No lift shall be started except by the direction of, or following clearance by the operator.
Aerial lifts while operating for the public shall be started at the operator's station only.

Capability for starting from other stations may be provided for maintenance and
emergency operations.
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DAILY START-UP PROCEDURES

These drives must not be started until the authorized supervisor or his/her delegated
representative has ascertained that the lift is sa#e and operable.

1. Turn the Control Power switch to ON and select the desired operating mode,
(electrical or evacuation).

2. If the electrical mode is selected, make sure that the MAIN CIRCUIT BREAKER
ON THE SIDE OF THE DRIVE CABINET is in the ON position. Make sure
AUXILIARY COUPLING is UNCOUPLED. Select electrical or generator power on
transfer switch on side of Generator set. If Generator power is selected start the
generator set.

3. If the evacuation position is selected, Make sure AUXILIARY COUPLING is
COUPLED and that the auxiliary engine is fueled and ready to run. Tum the
throttle on the Evacuation engine to low position and push the reset button and
then the down button in the drive cabinet then hand pump the emergency brake
until it is' at 170 Bars. Start the evacuation engine and tum to full throttle. Stroke
the hydraulic pump with the handle on the side of the hydraulic unit and return the
cabin to the bottom terminal. Do not run the cabin uphill beyond tower 1 using
the evacuation drive the operator must remain in visual contact with the

,.. cabin at alI times when using the evacuation drive.
}

4. For electrical operation, preset the speed potentiometer to the desired percent of
full speed: (100% = 400 fpm).

5. Push and release either the UP or DOWN button.

6. If, after 20 seconds the lift fails to start, check the ANNUNCIATOR and see which
faults are displayed: normal stop, remote stop, emergency brake fault, etc. Note
that the Reset button in the drive control cabinet can be used to manually reset
faults (excluding brake position faults) without a run command being issued upon
safeties OK.

7. Clear the remaining faults, if any. Push and release either the UP or DOWN
button.

8. With the lift running at its normal speed, initiate normal stops and E-stops at all
stations to determine correct operation. Restart the lift and continue to the return
station, ensuring that the cabin slows while going over towers and docks smoothly
at the top docking station.

9. To SHUT DOWN the lift, dock the cabin at the drive terminal and turn the Control
Power switch to the Off position.
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~~' ~ OPERATING PROHIBITIONS

When operating the lift, the following general prohibitions must be respected.

1. Do not load or unload passengers or freight except with the lift fully stopped and the
cabin in the docked position.

2. Do not load passengers with loose clothing or equipment, which might catch on the
carrier.

3. Do not load passengers unless the loading operator is within reach of the lift controls.

4. Do not operate the lift with more than the designed number of passengers or more
than a total of 22401bs in the carrier.

5. Do not restart or speed up the lift until all stations have been contacted.

6. Do not load passengers who are intoxicated or otherwise incapacitated.

7. Do not load handicapped passengers without making necessary arrangements for
their safety while loading, unloading or riding on the lift:

,!
8. Do not operate the lift if lightning is present. Do not load passengers. Unload lift as

soon as possible. Verify this by visual and auditory inspection.

9. Do not operate the lift in any winds that cause carrier to swing excessively or to hit
guards. Verify this by visual and auditory inspection; wind gauges.

10. Do not operate the lift if the carrier is observed swinging sufficiently to cause contact
with guard or tower. Verify this by visual and auditory inspection.

11. Do not operate the lift if carrier is observed bouncing up and down abnormally.

12. Do not operate if the bullwheels are covered with snow or ice. Verify this by visual
inspection.

13. Do not operate the lift if icing is apparent on cable, carrier, tower machinery,
crossarms, bullwheels, tensioning system or any other critical component which may
prevent proper operation or injure passengers.

14. Do not operate the lift for passengers if it requires immediate maintenance. See
maintenance requirements in the appropriate sections of this Maintenance Manual.
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15. Do not operate lift for passengers or maintenance without the prescribed number of
carriers on the line.

16. Do not use Poma tools or equipment (including maintenance tools) on any other
make of lift and do not use other manufacturers' tools or equipment on Poma lifts.

17. Do not modify any lift component or design feature without written approval from
Poma of America, Inc.

18. Do not operate if there are any abnormal conditions; loose, missing or damaged
components; or obstructions to operation. Verify this 4y visual inspection of the line
and the terminal.

19. Do not operate if adequate tension carriage travel is not available or if the tensioning
system is not operating freely. Verify this by visual inspection of the tensioning
system and compliance with the relevant instructions.

20. Do not operate if the service brake is not working properly. Consult service brake
operating and service manual for complete instructions.

21. Do not operate if the emergency brake is not working properly. Consult the
emergency brake operating and service manual for complete instructions.

22. Do not operate if the haul rope or track rope reveals any abnormal conditions. Verify
this as follows: visually inspect for broken or damaged wires, abnormal tension
carriage position or movement, cable twist indicated by the carrier not hanging
vertically.

23. Do not operate if any cable slippage is apparent. Verify this as follows: inspect truck
location as comparea with a paint mark on the haul cable indicating the original truck
location.

24. Do not operate if the carrier is loose, damaged or defective. Verify this by visual and
auditory inspection.

25. Do not operate if all communication systems are not working properly. Verify this by
making test calls.

26. Do not operate if the, operator controls are not working properly. Verify this as
follows: test all "up", "down" and "stop", controls and any other controls provided at
each terminal.

27.. Do not operate if any required warning signs are not in place. Verify this by visual
inspection.
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28. Do not operate the lift if the travel limit stop switches are not in their proper place and
functioning properly. Verifiy this by visual inspection and check operation.

29. Do not operate the lift if the tower safety system is inoperable. Verify this by visual
inspection and check operation of each switch at least annually.

30. Do not.operate the lift if unusual vibrations or noise are observed. Verify this by
visual and auditory inspection.

31. Do not operate the lift if any safety system component is by-passed. Verify this as
follows: inspect and test safety systems.

32. Do not operate the lift if any saddle or sheave assembly is misaligned. Visually verify
that the cable is in its proper position in the sheave liner.

33. Do not operate the lift if the load meter shows an abnormal load reading during start-
up or normal operation or above 100% during operation at maximum capacity. Verify
this by visual inspection.

34. After severe icing conditions, heavy snowfalls, severe temperature changes or high
winds, do not operate the lift until a visual inspection has been completed of all
towers, sheaves, sheave frames, carriers and the cable. After such inspection, do
not operate the lift at full speed until a trial run is completed at slow speed to check
for abnormal load readings.

WARNING

Failure to follow these instructions could result in an accident causing.
serious injury or death to persons and serious damage to property,
including this lift.

18
Section 2: 1999
Pacoima Operations Manun!



EMERGENCY EVACUATION

Provisions shall be made for the emergency evacuation of aerial lifts. These shall include
a detailed plan of evacuation, equipment necessary for evacuation and adequate training
of personnel. Evacuation drills shall be conducted at established intervals not to exceed
one each 12 calendar months, and such drills recorded in the operational log of each lift.
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TERMINATION OF DAILY OPERATIONS

Procedures shall be established and approved by the authority having jurisdiction for
terminating daily operations to be sure that passengers will not be left on the lift after it
has been shut down. Loading platform, as required, shall be closed and so marked.
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RECORD KEEPING

OPERATIONAL LOG

A log book shall be maintained for each lift. Daily entries shall be made giving the
following minimum information:

1. Date
2. Names and duty stations of operating personnel
3. Operating hours and purpose of operations
4. Temperature, wind and weather conditions
5. Record of compliance with daily operational inspections
6. Position and condition of the tension carriage or other tensioning devices
7. Accidents, malfunctions or abnormal occurrences during operation
8. Signature of operator.

W1RE ROPE LOG

A log book shall be maintained for each lift giving the following information on each rope:

1. Approved specification
2. Copy of certified test report
3. Date installed
4. Splicing certificate for each splice
5. Record of lubrication, including type of lubricant and date applied, if required
6. Record of maintenance inspections
7. Report of wire rope inspection
8. Report of accidents or injury to rope.
9. Documentation of end attachment

MAINTENANCE LOG

A signed complete log shall be maintained wherein the actual execution of maintenance
work shall be recorded daily. The log shall state components serviced and the condition
of components. A record shall be kept of replacement of components.
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Section 3

ELECTRIC MOTOR



Maintenance of the Electric Motor

Refer to Manufacturer's Manual.

Manufacturer: GE

Model #: CD328AT

HP: 50

Maintenance Schedule

Frequency Maintenance Activity

DAILY Check for unusual noises

FOR ALL OTHER MAINTENANCE, REFER TO MANUFACTURER'S MANUAL.

a. ~ 
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GE Motors

MARCH 3, 1998 Industrial Motors
General Electric Company
3Q01 East Lake Road, Erie, PA 16531

_ REFER TO O.E. REnN. NO!~ ~ `',. OMER: 
- - — IN CORRESPONDENCE

ARGO INTERNATIONAL CORP
INDUSTRIAL DIV
5770 LAMAR STREET
ARVADA, CO 80002

CUSTOMER ORDER CUSTOMER REQN G.E. CONTRACT G.E. REQUISITION
2148309

~ 695-17655
❑FOR APPROVAL ~ FOR INSTALLATION ❑ 

780129473001RETURN "FOR APPROVAL" PRINTS TO THE GE OFFICE WITH WHOM YOUR ORDER IS PLACED. ORDER IS ON HOLDUNTIL PRINTS ARE APPROVED. WHEN APPROVED PRINTS ARE RETURNED, LEAD TIMES IN EFFECT WILL APPLY.Drawings are Irrtended to be fn accordance wkh applicable purchase order speei(ications. Comments are ~olleitsd eoncernfnp sny departures In this respect.Features not covered by purehese order specifications portray Gsnerel Electric Company standard design practice. Any requested ehengss from the purchaseorder specifications, resulting in additional engneerinp and/or manufacturing costa will entail sn fncree~e In price end the extsnttlon of the ~hippinp~ehedule. PRINTS ARE NOT TO SCALE, are boded subject to return upon demand, and the express condkbn that they will not be used in any waydetrimerrtal to the General Electric Company. 'The export of technical Information eontalned In these prints Is subject to the rules and ►eguletionsof the United States Department of Commerce, Office of Export Control.'

DC MOTOR N1C~DEL 5m184TA094B027

36A167945AA002 -OUI'LIl~1E-
SPLASHPROOF Ft3LLY GLIP,RDID -BALL BEARINGS
C'(7i~IDUIT BOX ON RIGHT FIP,T~ID SIDE FACING C:ONMU~ZnR EDID
ST~IDARD SIFT DRIVE E[~1ID OI~II~Y -WITH FEET

'H ~328AT -DC NlP.C~iIl~IE-
~`~`~ HP 50 -RPM '1750/2100 - VC?LTS 500 -AMPS 83.7

WOUTID SHTA~TT -DUTY C1~NTINiJOUS
NL~XIMifi4 ANlBIEfJI' 40 C = CLASS F INSULATION
Nom, P'C7,7WER SUPPLY CODE: D -FIELD WLTS 300/150
WITH:
ZT~MOSTAT- NDRNL~LLY QASID, AC RATING- 600V N~~X-
.5A, 250V-1.5A, OR 125V-3A, DC RATIl~IG- 30V Nm,X-
1.5A.MAXINlUM CURFtEDTI' BASID ON Il~IDLTCTIVE LAADS UP
TY? AMID IlVC'LUDIlQG NII~ IVC7.5 C~?NTAC'NR.

36A167771AA001 -II~TC7~OSURE AMID MOUNTIl~G ASSII~LY.36A167760CB501 -C~OrIIVECTION DIAQ2AM RE'VE~t.SIBLE ROTATION.GEEL3967 -INSZRUCTION BOOK.

4 PRINTS & 1 I/B T0: ARGO INTERNATIONAL CORP
INDUSTRIAL DIV
5770 LAMAR STREET
ARVADA, CO 80002
ATTN: D WILSON

1 PRINT T0: KEYIN MAHONEY, C&ISD, BLDG 4-6, FORT WAYNE OFFICE

_SPY of Hole ro p ~ WEED, BLDG 9-3, ERIE WORKS BY V.. LEIGHTON/AS, ERIE WORKS
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SAFETY PRECAUTIONS

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible
contingenry to be met in connection with installation, operation, or maintenance. Should further information be
desired or should particularproblems arise which are not covered sufficiently for the purchaser's purposes, the matter
should be referred to GE Motors-DM&G.

O 1989, 1991, 1993, 1994 General Electric Company

2



~F,,,.

SUBJECT

:?;:;

Direct Current" Motors and Generators, GEH-3967N

CONTENTS
PAGE SUBJECT PAGE

INTRODUCTION ......................................................... 4

RECEIVING.................................................................. 4
Storage.................................................................................. 4

Long Term Storage Considerations ..................................... 5
Handling................................................................................5

INSTALLATION ........................................................... 6

LocationNentilation .............................................................. 6
Protection.............................................................................. 6
Mounting............................................................................... 7
Alignment.............................................................................. 7
Motor-Generator Sets ......................................................... 11
Grouting............................................................................... 11
Alignment Procedure .......................................................... 11

OPERATION.............................................................. 12

Inspection Before Starting .................................................. 13

Bearings and Couplings ...................................................... 13

Commutator and Brushes ................................................... 13

Rectified Power Supplies .................................................... 13

Power Supply Identification ............................................... 13
Connections......................................................................... 14
ProtectiveDevices ............................................................... 15
Thermostats......................................................................... 15
Speed Limit Device ............................................................. 15
SpaceHeater ....................................................................... 15
Ventilation System .............................................................. 16

AC Blower Motors ............................................................... 16
Maintenance........................................................................ 16
Brake.................................................................................... 17
General Mechanical Inspection .......................................... 17

Accessory Mounting ........................................................... 18
Inspection After Starting ..................................................... 18
Bearings............................................................................... 18
Noiseand Vibration .......................................................... 18
Inspection After Short Time In Service ............................. 18

MAINTENANCE ........................................................ 21

Bearings (Frames CD180AT-CD210AT) .............................. 21
Bearings (Frames CD250AT-CD500AT) .............................. 21
Brushes................................................................................22
BrushSeating ...................................................................... 25
Commutator........................................................................ 25
C~nmutator Undercutting Specifications .........................25
Mechanical..........................................................................26
ShaftEnd Play ..................................................................... 26
Water~iroof Machines .........................................................26
Lubrication of Flexible Couplings ...................................... 26
Insulation............................................................................. 26
TestingMethods .................................................................27
Cleaning of Windings ......................................................... 28

Drying of Windings .............................................................30

Service Shop Cleaning ........................................................30
Repair...................................................................................30
Failure..................................................................................31

RENEWAL PARTS ..................................:................. 31

~ Registered trademark of General Electric Company 3

LIST OF ILLUSTRATIONS
Fig. 1

Selecting the Proper Key Length ..........................................7
fig. 2A

Bearing Lif2•Ball Bearings ....................................................8
Fig. 26

Bearing Life-Roller Bearings .................................................9
Fig. 3

Correct Arrangement of Blower Housing,
Impeller Blades &Direction of Rotation to
Obtain Proper Pressure &Air Flow .................................... 16

Fig. 4A
Accessory Mounting CD180AT-CD500AT .......................... 19

Fig. 4B-4D
Accessory Mounting CD180AT-CD500AT ..........................20

Fig. 5,6,7
Brushholder Assemblies ..........................:...........:..............24

Fig. 8
Correct Spacing of Brushholder to Commutator ..............24

Insert
Commutator Check Chart ...................................................29

Fig. 9
CD180AT Frame, Exploded View ........................................34

Fig. 10
CD210AT- CD500AT Frames, Exploded View ....................35

LIST OF TABLES
Table 1

Approximate Net Weights .................................................... 5
Table 2

Belt Tension Factors ............................................................ 10
Table 3

Thrust Capacity in Pounds .................................................. 11
Table 4

Power Supply Available ......................................................13
Table 5

LeadMarkers .......................................................................14
Table 6

Maximum Current Ratings for
Speed Limit Switches &Thermostats ................................ 15

TabFe 7
Blower Motor Lubrication Guide ........................................17

Table 8
Grade 5 Hardware Torque Values .....................................17

Table 9
Commutating and Main Pole Bolt Torque ......................... 18

Table 10
Vibration Values .................................................................. 18

Table 11
Recommended Regressing Periods ...................................21

Table 12
Sources of Supply for Bearing Greases .............................22

Table 13
Standard Ball Bearings for Kinamatic•Motors ..................23

Table 14
Minimum Brush Length ......................................................23

Table 15
Commutator Diameters ......................................................25

Table 16
Effect of Temperature on Insulation Resistance ................27

Table 17
Recommended Spare Parts ................................................32

Table 18
Standard Brush and Brush Spring Part Numbers .............32



Direct Current Motors and Generators, GEH-3967N

DIRECT CURRENT
MOTORS AND GENERATORS
FRAMES CD 180AT - CD500AT

INTRODUCTION
This instruction book covers the CD 180AT-CD500AT line

of DC motors and generators.

WARNING: High voltage and rotating parts

can cause serious or fatal injury. The use of

electric machinery, like all other- utilizations of

concentrated power. and rotating eQuipinent,

can be hazardous. Installation, operation, and

u►aintenance of electric machinery should be
performed by qualified personnel. Familiarize

Lion with NEMA safety standards for construe

tion and guide for.. selection, installarion and

use of integral HP motors and. generators, the

National Electrical Code, and sound local prat-

tices is recommended.

RECEIVING
The equipment should be placed under adequate cover

immediately upon receipt as packing coverings are NOT

suitable for out-0f-doors or unprotected storage. Standard

factory packing methods do not allow for stacking of

motors. .

Each shipment should be cazefully examined upon arrival.

Any damage should be reported promptly to the carrier

and to the nearest office of GE Motor~DM&G. Shipping

damage is not covered under the standard warranty. A

claim must be filed with the carrier.

Storage
During installation orwhen in storage, the machine and its

parts must be protected from the following:

1. Din of all kinds.

2. Wetness and temperature extremes.

Protection from dirt can be achieved by covering the

machine with a tarpaulin or polyethylene sheet or keeping
it where the surrounding area is clean.
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Protection from wetness and temperature extremes in-

cludes moisture from the surrounding atmosphere con-

densing onto cooler machine surfaces. This condensation

on machine surfaces can result in rusting or corrosion and

the electrical windings may su$'er serious damage.

Where wetness and/or cold conditions are present, the

machine and its parts must be protected by a safe reliable

heating system which, at all times, will keep the machine

temperature slightly above that of the surrounding atmos-

phere. If a space heater is included in the machine, it

should be energized per the voltage specified on the motor

nameplate.

Smaller machines shipped in paper cartons aze protected

from condensing-type wetness by the insulating character-

istics of the carton. To avoid sweating where these have

been exposed to low temperatures for an extended period,
allow a few hours for the machine and carton to attain rnom

temperature before unpackine.

Brushes should not remain in contactwith the commutator
during prolonged storage, because corrosion may occur

and later result in flat spots on the commutator. Release

the brush springs and lift the brushes, when prolonged
storage occurs.

All exposed machined-steel parts are slushed with a rust
preventive before shipment These surfaces should be
examined carefully for signs of rust and moisture, and
reslushed if necessary. Once started, rust will continue if

the surface is reslushed without first removing all rust and

moisture. Rust may be removed by carefully using fine

abrasive paper. Slushing compound can be removed by

using a suitable solvent such as mineral spirits.

GAU'TIUN; Many motors are S~ppea wiry
drive end grounding brushes.:These bn.~shes

and the surfaces thepride on mustbefree ofany

slushingcompound before operation.



WARNIl~TG: Mineral spirits are flammable and

moderately toxic. 'Phe usual precautions for

handling chemicals of this type must be ob-

served. These include:

1. Avoid excessive contact with skin.

2. Use in well-ventilated areas.

3. Takenecessaryprecautionstopreventfireor

explosion hazards.

Extreme care must be exercised in removing rust on shaft

extensions near shaft seals, since it is difficult, and some-

times impossible, to remove rust from these surfaces with-

out damaging or deforming them.

Burrs or bumps on other machined surfaces should be

carefully removed by using a fine file or scraper.

Machines in storage should be inspected, have the insula-

tion resistance checked, at frequent and regular intervals,

and a log kept of pertinent data.

CAUTION: When stored,- it is suggested Shat

ttie armature be rotated a few revolutions every

three months to prevent loss of grease protec-

tion on the bearings and races: Loss of grease or

oil protection-may' cause rust

Long Term Storage Considerations'
1. Provide blocks, such as railroad ties, to store the

machine off the ground. This will minimize moisture

pickup from the ground and make inspections easier

to accomplish. Be sure there is sufficient drainage.

2. Megger the unit before storing and record the values

every three months. If the megger reading indicates a

-~ decreasing insulation resistance, move the machine to

a drier location.

3. Wrap Mylar around the commutator and tape it to

itself. Do not tape the Mylar to the commutator.

4. Rotate the armature every three months to prevent

loss of grease protection on the bearings and races.

I:oss of grease protection causes rust Note: Rotate the

armature in the direction wtuch will not snag the

_~~ Mylaz wrapping on the commutator.
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TABLE 1

APPROXIMATE NET WEIGHTS

FRAME ARMATURE MOTOR
SIZE WEIGHT WEIGHT

Ibs. kgs. Ibs. kgs.

CDL182AT 17 8 80 36
CD186AT 25 11 102 46
CDL186AT 35 .16 128 58
CD189AT 45 20 162 74
CD218AT 50 23 240 106
CD219AT 56 25 250 114
CD2110AT 63 29 280 127
CD258AT 78 35 360 164
CD259AT 89 40 400 183
CD287AT 113 51 500 225
CD288AT 130 59 550 250
CD289AT 175 80 660 300
CD2811AT 210 95 790 360
CD327AT 158 72 690 315
CD328AT 181 82 770 350
CD365AT 220 100 750 340
CD366AT 260 120 860 390
CD368AT .300 140 1020 465
CD3610AT 400 130 1310 595
CD3612AT 530 240 1650 750
CD407AT 400 180 1300 590
CDL407AT 400 180 1350 610
CD409AT 500 225 1600 725
CDL409AT 500 225 1650 750
CD4012AT 780 350 3210 1460
CD504AT 590 265 1900 860
CDL504AT 590 265 2070 940
CD506AT 720 330 2290 1040
CDL506AT 720 330 2440 1110
CD508AT 890 405 2810 1275
CDL508AT 890 405 2970 1350
CD5010AT 1200 545 4260 1935

*Approximate weightsfor typical motors in
each frame size.Does not include weights of
accessories such as tachometers, blowers,
heat exchangers, etc. For specific weights,
refer to certified outline.

Handling
Complete motors or generators can be lifted by using

hooks or slings in the lifting lugs on top of the unit 'The

lifting lugs are designed to safely carry the weight of the

individual machine. Do not lift the machine with the shaft

extensions.
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Motor-generator set bases have lifting holes to be used with

spreader bars or hooks. Care must be taken in handling to

avoid twisting bases. (Refer to Table 1 for approximate

weights of armatures and motors.)

INSTALLATION
Installation should be in accordance with the National

Electrical Code and consistent with all local codes. Cou-

pling, belt, and chain guards should be installed as needed

to protect against accidental contact with moving parts.

Machines accessible to the public should be further guarded

by screens, guard rails, etc., to prevent personnel from

coming into contact with the equipment. Fully guazded

covers are supplied on motors and generators. Shaft guards

are supplied on MG sets.

Totally enclosed and waterproof motors must have all

'covers securely in place with gaskets intact in order to

"-"``exclude dirt, oil, and water. It is generally preferred to

remove plugs from drain holes at the bottom of the frame

to insure that condensation does not collect inside the

motor. However, if the installation requires plugs to be

installed, they must be removed periodically to make cer-

tain that all water is eliminated.

Location/Ventilation

WARNING: The use of electrical equipment in

haaardous locations is restricted by the National

Electrical Code,Article 500.Original equipment

manufacturers and user customers must read;

understand;. and apply these Hiles for installa-

tion and use of ail equipment in such locations

and'consult local code inspection and enforce-

ment agencies as necessary: to insure comgii-

ance. Motors listed by Underwriters Lahorato-

ries, Inc. for use in specific locations have been

designed, tested, and"approved for use in such

locations only.

Sections 501-5 and 502-8 now permit the use of

totally .enclosed motors with positive pressure

ventilation or totally. enclosed inert-gas=filled

motors (ClassI locations only) when installation

and operation conform to certain requirements:

MoEors for : Class I toca~ons must have leads

sealed at. the frame exit and an explosion proof

conduit box.- (Refer to Sections 501-4 and801=5. )

Motors' for Class. II locations must have leads

sealed at the frame exit and a dust-ignition-proof

condtut box. (Refer.to Sections502-4 and 502-5'.)

CA~JTION: Silicone.vapor may be present and'

originate. from sealing compounds, :electrical

cables,. and room transformers. These sources. .

must be eliminated: Silicone vapor interferes

with commutation and high brush wear -may

result.

Motors and generators should.be installed so that they are

readily accessible for routine inspection and maintenance.

They are suitable for use in ambien t temperatures from 0°C,

(32°F) to 40°C (104°F). An adequate supply of clean, dry

room air (at temperatures from 0°C to 40°C) is required for

self-ventilated and blown motors. Where motors must

operate in dirty, wet, or contaminated environments, pro-

section in the form of filters or totally enclosed construc-

tion must be used to insure long life with normal mainte-

nance.

Do not obstruct ventilating openings.

When filters are supplied, service them regularly. Dirty

filters shut off ventilating air.

Beware of recirculation. Install motors so that hot exhaust

air will not re-enter the motor.

Protection

CAUTION: Windings, cr~mmutator,. brush rig-

g-ing, and bearings should be carefullyprotected

during installation to avoid damagefrom paint ':,

spray, weld splatter, welding rod butts, or metal j

chips from ;files and. grinders. Metal particals ~

which lodge in windings can cause eitherimme-

diate or premature failures. Paint or oil on

commutators can be very detrimental to good

commutation.



Mounting
Motors and generators should be moun[ed on rigid and

solid foundations. Level the base (or the machine) . Hold-

down bolts should be inspected regularly and kept tight.

The feet of the machine may be doweled to the foundation

plates or base when alignment procedures are completed.

Sliding bases, when used, should be securely anchored to

the foundation.

Motors are suitable for mounting as ordered. Special as-

sembly ofthe conduit box, endshields, and covers is provid-

ed when the motor is so ordered. Do not rotate commutes

for-end endshield with respect to the frame, since brush

position is affected. (Refer any questions regarding the

allowable mounting orientations for your motor to GE

Motors-DM&G.)

Alignment

CAUTION: Be sure to-align or check alignment

carefully on either motors or MG sets.11tisalign-

ment can cause. excessive vibration, damaging

forces on shafts and bearings, and rapid brush

wear. Time taken to assure good alignment will

be returned in reduced downtime.

$~~

a ~--~ \couPUNC

A..AI~CESSORY BORE
LENGIIi

C_I~YWAY LENGTH
PROPER .—_ A _i

Fig. 1 Selecting the Proper Key Length
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Coupled Drive

When a motor and a driven unit together have four or more

bearings, flexible couplings must be used to facilitate

alignment. Three-bearing consvuction requires a rigid

coupling.

CAUTION: Careful alignment of 'machines

when using either solid (rigid) or flexible cou-

plings is essential to prevent excessive vibration,

hot bearings, or shaft failures.

Motors are balanced in the factory using ahalf-height key

of full length. To preserve the original dynamic balance of

the motor, select [he coupling hub key length "B" accord-

ing to the formula in Fg. 1.

V-Belt Drives

The V-belt system produces a heavy shaft and bearing

loading, making it necessary that these factors be consid-

ered carefully for proper application. Since belt drives

impose a bending moment on the motor shaft, it is always

desirable to have the motor sheave located as close to the

motor bearing as possible to minimize both bearing load

and shaft stress. This will result in increased bearing life.

For the load centered 2" in toward the bearing from the

end of the shaft instead of at the end of the shaft, the

bearing load is reduced by 10% and the life increased by

33%. The bearing life curves which follow assume that the

load is centered at the end of the shaft. New improved V-

belts are now on the market that significantly reduce the

number and sine of belts required for a given load. These

new belts should always be considered, since the sheave will

be shorter and the load centered closer to the bearing.

It should also be noted that the radial load on the motor

bearing is directly proportional to .the diameter of the

sheave. A larger diameter sheave means less radial load on

the shaft..

The standard NEMA shaft extension is designed for belted

loads. Dimensions are provided on the standard dimen-

sion sheets. A sliding base is available as an accessory to

facilitate belt adjustment.

Bearing Life

Bearing life for belted drives is determined by calculating

the radial load at the end of the shaft.
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TABLE 2

BELT TENSION FACTORS

1.0 Chain and Sprocket Drive
1.2 Timing Belt
1.5 V-Belt, 1:1 Ration
1.8 V-Belt, 2:1 Speed Decreased Ratio
2.0 Flat Befts

The radial load, "W", produced by the belts, when tight-

ened just enough to transmit the load without slipping, is

given by the relation:

W = 126.000 x HP x Kb lbs
D x RPM

Where:

D = Sheave pitch diameter in inches for V-belt appli-

cations.

HP = Maximum ratio of horsepower, including over-

RPM loads, to the minimum speed at which that

power occurs.

I~ = Bel[ tension factor from Table 2.

''The curves in Fg. 2 can be used to determine the antici-

pared L10 life, which is the life in hours that 90% of

bearings with this load would be expected to exceed

without failure. The standard ball bearing and standazd

shaft option will be the most economical, if acceptable life

is obtained from the curve. A good, commonly used design

figwe is 20,000 hours. However, calculated life of as low as

5,000 hours has sometimes been necessary for special

applications. The curves are drawn for 1750 RPM average

speed. If the application has some other average speed, the

life can be adjusted by multiplying by the 1750/average

speed.

It is important to know that the bearing life for V-belt

applications is independent of the motor load. Once the

belts have been tightened just enough to prevent slipping

when the maximum torque is being delivered by the motor,

the radial load, "W", on the shaft and bearing is there and

remains constant regardless of the motor load. For timing

belts and chain drives, the radial load, "W", does vary

somewhat with motor load, and so the motor load duty

cycle, as well as the average speed should be considered to

estimate bearing life.

For special applications belt tension should be checked

and adjusted following the belt manufacturer's recom-

mendations.
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If slippage occurs after the belt tension has been correct3y

adjusted, the belts and pulleys have not been chosen

properly for the application.

CAUTION: fiver-tightening to avoid ttus. slip=: ,

page may result in ea=1y failures of.belts,:s~afts,

and bearings.

There is normally a drop in tension during the first 24 to 48

hours of operation. During this "run-in" period, th~,belts

seat themselves in the sheave grooves and initial stretch is

removed. Belt tension should be re-checked after a day or

two of operation.

Matched belts run smoother, and last longer. Longer belt

life results, if the belts and sheaves are kept clean and the

belts are prevented from rubbing against the belt guards or

other obstructions.

Mounting may be either horizontal or vertical for these

bearing life determinations, as long as no axial load other

than the weight of the armature is present if vertical.

Special Ldad Considerations

Where the load is overhung beyond the motor shaft exten-

sion or greater bearing life is desired, the application

should be referred to GE Motors-DM&G.

Thrust Loads

Due to the mounting position or type of drive arrange-

ment, athrust load maybe applied to the motor shaft The

Kinamatic motor is designed to permit a limited amount of

thrust load. This permissible load will vary by mounting

position and direction of the load due to the weight of the

armature. The permissible load is tabulated in Table 3 by

frame diameter and mounting position. These apply to

standard size ball bearings only.

For vertical mounting, the data is tabulated with a plus or

minus constant. If the force of the load is acting up (against
gravity), then the constant should be plus. If the load is

acting down (with gravity), then the constant should be

minus.

For applications combining thrust and radial loads or

where thrust loads exceed the values shown in the table,

refer all details to GE Motors-DM&G.
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TABLE 3

THRUSTCAPACITY IN POUNDS

HORIZONTAL MOUNTING VERTICAL MOUNTING

RPM RPM

FRAME 2500 1750 1150 850 2500 1750 1150 850

CD180AT 145 172 210 240 150±17 175±17 214±17 240±17

CD210AT 190 220 270 310 200±64 240±64 285±64 330±64

CD250AT 225 265 325 370 250193 285±93 345±93 390 93

CD280AT 300 355 430 490 330±135 380±135 460±135 525135

CD320AT 355 410 500 580 390±190 4601190 545±190 620±335

CD360AT 630 740 880 1040 700±335 820±335 970±335 11101335

CD400AT. 580 690 840 970 700±526 820±526 9701526 1110±526

CD500AT 890 1050 1310 1510 ----------- REFER TO GE MOTORS-DM&G ---------____

Motor-Generator Sets
MG sets are properly aligned before shipment. Check the

alignment before operating a set to be sure that shipping,

handling, and installation have not misaligned the units.

(Refer to the Alignment.Procedure section of this Instruc-

[ion Book.)

Two types of MG set bases are used. One is called "non-self-

supporting"and, as the name implies, is not rigid. The non-

self-supporting base is designed to act only as a spacer

between the foundation and the units of the MG set and

must not be trusted to carry any weight unless well sum

ported at all of the mounting pads on its underside. This

type of base should be securely bolted to the foundation

and, if convenient, grouted in after alignment. Grouting

tends to make the base more solid and less liable to later

vibration troubles. Be careful not to distort the base during

handling or the ability to properly align the MG set will be

destroyed.

The other type of base is called "self-supporting" and

usually has three pads on its underside forming a three-

point,~-support. Aself-supporting base is rigid enough so

thaf it needs support only at the pads. The entire weight of

the MG sit is supported on just these three points and the

foundation must be designed to take these high loads.

Two kinds of couplings are used to connect units of MG

sets. Some MG sets will be made up of two-bearing units

coupled together with fle~cible couplings. Others will use

single-bearinggeneratorsconnectedwithrigid (solid) cou-

plings.nth each kind of coupling and each kind of base

design, a slightly different alignment procedure is re-
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quired. (Refer to Xhe Alignment Procedure section of this

Instruction Book.)

Grouting
On concrete foundations, a minimum of 1" should be

allowed for grouting.

A rich, non-shrink grout should be used. High-grade grout

mixtures are available commercially. If the grout is to be

prepared at the site, a cement sand ratio of 1:2 is recom-

mended. Only enough water should be used to give a stiff

mixture. The clean, bu[ rough surface of the foundations

should be wet and the grout forced or puddled under the

base.

Alignment Procedure

CATTION: Alignment specifications supplied

with couplings are for suitable coupling life.

These numi~ers usually greatly exceed align-

mentcriteria for good bearing life and minimal

vibration:

Flexible Coupling

Before grouting the base, the alignment should be checked

as follows:

1. Slide the sleeve from the coupling so that the hub faces

are exposed.

2. Check that the coupling hub spacing is in accordance

with the outline dimensions with the units in the

mechanical center of their end play.
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_,. 3. Startwith the coupling next to the largest unit (usually

the motor) or near the middle of a long set. Check the
radial alignment by using a straightedge across the
hubs at both vertical and horizontal locations or by

clamping a dial indicator to one hub and indicating
the other hub on its outside diameter. Be sure that the
dial indicator supports do not bend or sag, since this
will give inaccurate readings.

4. Use a dial indicator at hub faces and rotate both units
together 90°, 180°, 270°, and 360°; or measure the gap
at each position by inserting a feeler gauge. The
reading should not vary more than 0.002 ".

5. Correct any misalignment by shimming between the
base and the foundation. If shimming between the
base and foundation will not correct misalignment,
the unit has moved during shipment and should be
shifted on the base.

6. Repeat Steps #2, 3, and 4 on each coupling, working
away from the motor or cenxer unit,

7: Recheck the couplings on long sets after completing
the above checks, because shimming on subsequent

~ units may affect those already checked. After the set
has been aligned within the specified limits, the cou-
pling shells may be bolted together.

The generators may then be doweled, if desired.

Solid Flanged Couplings

Before grouting the base, the alignment should be checked
as follows:

1. Loosen all coupling bolts enough to assure that the
bolts are not holding the couplings together.

2. Start with the coupling next to the largest unit (usually

the motor) or near the middle of a long set, tap the

coupling flange with a rawhide or similar non-metallic

ma]let until the coupling halves separate 0.005" to

0.010".

3. Measure the distance between the coupling faces at

four points spaced 90° apart around the coupling rim

with a feeler gauge;measuring to the nearest 0.001".

The maximum variation between any two readings

should not exceed 0.002".

72

4. Rotate the coupling 90°, 180°, 270°, and 360° and take
similar readings. The maximum variation should not
exceed 0.002".

5. Correct any misalignment by shimming between the
base and the foundation. If shimming between the
base and the foundation does not correct misalign-

ment, the unit has moved during shipment and should
be shifted on the base.

6. Repeat Steps #2, 3, and 4 on each coupling, wq,~king
away from the motor or center unit. ~

7. Recheck the couplings on long sets after completing
the above checks, because shimming on subsequent
units may affect those already checked. After the set
has been aligned within the specified limits, tighten
the coupling bolts.

The generators may then be doweled, if desired.

CAUTION: Do not draw the two, coupling
halves together unless the variation in measure-
ments is U.002" or ̀less. If there is a variation
:greater' than 0.002", excessive vibration -.and
possible shaft fatigue can occur.

OPERATION

WARNING: Disconnect powerbeforexouching
any infernal part'High voltage may be present

even when the machine is not rotating. If used
with a rectified power supply, _disconnect ali AC

line connections to power supply: With other

power supplies, disconnect all DC line and field

connections. Also disconnect power from auxil-
iary devices.

WARNING: Ground- the machine :properly to
avoid serious injury to personnel. Grounding

must be in accordance with the National Electri-

cal Code and consistenrwith sound local prao-

tices: One of the boltsholding:the conduit box

to -the unit, accessible from inside tt~e conduit

box, is identified:and may be used for attaching

a grounding cable.

-~;,
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WARNING: Before. starting the motor, remove

all unused shaft keys and loQSe rotaring parts to

prevent them from flying off.

Inspec#ion Before Starting
These inspection procedures should be followed before

starring the machine for the first time, after an extended

shutdown, or after a teardown for extensive maintenance

or repair.

Bearings and Couplings
Machines with ball or roller bearings are greased at the

factory and will need no attention until relubricadon is

necessary as suggested under the Maintenance

section. (Refer to Tabie 11) .

Flexible couplings should be checked to see that they

contain the proper amount of ]ubrican~

Make sure that all grease plugs aze tight.

The oil suspended in grease may leak out after extended

periods of motor storage. Because of this, it is not unusual

to find puddles of oil below the bearings. If the motor has

been stored for over six months, the grease drains should

be checked to see they are not plugged with a waxy residue.

After ensuring the openings are clear and free, a small

aznount of grease should be pumped through.

Commutator and Brushes
Brushes should be worn in to have at least 85%contact over

the brush surface and continuous contact from heel to toe.

The commutator surface and undercut mica should be

clean and free from dirt, grease, paint spots, or brush dust.

Brushes should be free to move in the holders and all

springs should be down and latched. Brush pigtail connec-

tionsshould be tight, and the pigtails should not interfere

with ~e action of the spring or brush and should be clear

of any other part of the machine.

Rectified Power Supplies
When DC motors are operated from rectified power sum

plies, the pulsating voltage and current wave forms effect

the motor performance by increasing motor heating and

degrading commutation. Because of these effects, it is

necessary that the motors be designed or specially selected

to suit this type of operation.
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The ratings of DC motors intended for operation from

rectified power supplies are based upon motor tests using

a suitable power supply. The specific characteristics for

three-phase rectified power supplies described below in

the Power Supply Identification section are in common

use. For operation of motors from rectiFied power supplies

other than those given in this section, refer to GE Motors-

DM&G.

A motor may, under some conditions, be operated from a

power supply different from that indicated on the name-

plate..Letters used to identify power supplies in common

use have been chosen in alphabetical order of increasing
magnitude of ripple current Power supply compatibility

can be judged by Table 4.

TABLE 4

POWER SUPPLY AVAILABLE

A C D E K
W

~ AO ✓ # #
V
Z C ✓ ✓ * # #

Q D ✓ ✓ ✓ * #

~ Ed ✓ ✓ ✓ ✓ #

z K ✓ ✓ ✓ ✓ ✓

✓ Compatible Power Supply
* External inductance may be necessary to limit

ripple current

Power Supply Identification
The nameplates of DC motors in tended for operation from

rectified power supplies will be stamped with a Power

Supply Identification as described below:

A. When the power supply used as the basis of rating is

one of the four described below, a single letter "C", "D",

"E°, or "K° will be used to identify it on the nameplate.

Power Supply Identification Letter "C'

This designates athree-phase, 60 hertz input, full-wave
power supply having 6 total (controlled) pulses per rycle.
1'1-ie power supply has no free wheeling and no series
inductance added externally to the motor armature circuit

inductance. The input line-to-line AC voltage to the recti-
fiershall be 230 volts for 240 volt DC motor ratings, and 460

volts for 500 or 550 volt DC motor ratings.
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Power Supply Identification Letter "D-" Connections
..'.'his designates athree-phase, 60 hertz input, semi-bridge
power supply having 3 controlled pulses per cycle. The
supply has free wheeling with no series inductance added
externally to the motor armature circuit. The input line-to-
line AC voltage to the rectifier shall be 230 volts for 240 volt
DC motor ratings and 460 vol is for 500 or 550 volt DC motor
ratings.

Power Supply Identification Letter "E"

This designates athree-phase, single-way (half-wave) power
supply having 3 total pulses per cycle and 3 controlled
pulses per cycle. 'The power supply has no free wheeling
and no series inductance added externally to the motor
armature circuit inductance. The input line-to-line AC
voltage to the rectifier shall be 460 volts far 240 volt DC
motor ratings.

Power Supply Identification Letter °K"

This designates asingle-phase, full-wave power supply
having 2 total (controlled) pulses per cycle with free
wheeling 60 hertz input with no series inductance added
externally to the motor arniature circuit. The input AC
''voltage to the rectifier shall be 230 volts for 180 volt DC

. ~ afings.

B. When intended for use on a power supply other than
"C", "D", °E°, or "K", the motor will be identified. as follows:

Where:

M/NF-V-H-L

M = a digit indicating total pulses per cycle.

N = a digit indicating controlled pulses per
cycle.

F =free wheeling (this letter appears only if

free wheeling is used).

V = 3 digits indicating nominal line-to-line AC
voltage to the rectifier.

H = 2digitsindicatinginputfrequencyinhertz.

L = 1, 2, or 3 digits indicating the series induc-

tance in millihenries (may be zero) to be

added externally to the motor armature

circuit inductance.
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Terminal connections should be checked against [he con-
nection diagram shipped with the machine. Bolted con-
nectionsmust be tight. When fixed termination (terminal
boards) is not specified, then the exposed connections
should be appropriately insulated. Grounding screws or
studs do not need to be insulated. When more than one
terminal is marked with the same identifi~atiq~, they
should be joined in the same connection. (Refer to Table
5 for identification of winding leads.) +p

When series leads are not being used (example: astabilized
shunt or a compound wound unit being used as a straight
shunt), the lead should be individually insulated. Do not
connect together.

TABLE 5

LEAD MARKERS

FUNCTION WINDING

Armature A1, A2, A3, A4, etc.

Control signal lead C
attached to commutating
winding -one lead only.

More than one signal lead C1, C2, C3, C4, etc.

Field (shunt) F1, F2, F3, F4, etc.

Field (series) S1, S2, S3, S4, etc.

ACCESSORIES &SPECIAL DEVICE MARKINGS

Blower Motors, T1, T2, T3, T4, etc.
Type AN tachometer
generator

Tachometer generator, A1, A2, A3, A4, etc.
direct current, to terminal
board

Brake coil leads 61, B2, 63, B4, etc.

Heater, brake space BH1, BH2, BH3,
heater BH4, etc.

Brake interlock switch BS1, BS2, BS3,
BS4, etc.

Heater, space heater in H1, H2, H3, H4, etc.
the machine

Thermostat P1, P2, P3, P4, etc.

Resistance Temperature R1, R2, R3, R4, etc.
Detector (RTD)

4

~ ~.



~,'" Protective Devices
See that all protective devices (overspeed devices, bearing

temperature relays, etc.) are connected and will function

properly. Be sure all coupling guards, shaft protectors,

grounding connectors, covers, and other safety devices are

properly attached.

CAiTtZON: Motor Field'Heating - Unless spe-

cifically ordered, motors are NOT. capable of

cQnrinuo~is standsult.excitation at rated field

current When :the motor is shut down for more

than 30 minutes, one of .the following options

must be used: ~I

i

1. De-energize fhe fields completely.. ~

2. Use field economy relays to limit.the field ~

current to a maximum of 50% of the name-

plate rating.

3. When applicable, fields may remain fully en-

ergizedifthemotorventilabonsystem (blower

or customer: duct) sennains in operation.

Thermostats
The thermostat is a device that may be used in alarm or

protective relay circuits within rating limits shown in Table

6. It is not intended to limit motor loading or provide

normal insulation life. When supplied, it is mounted in

contact with a commutating coil which is the only acces-

siblepart ofthe armature circuit. Since factors such as shaft

speed, ventilation (blower or shaft fan), current ripple

(SCR phase-back), and short time overload affect the tem-

perature relationship between the armature and commu-

tatingfield, complete protection from all conditions result-

ing from over-temperature is not possible. The device is

especially useful in guarding against loss of normal ventila-

tion ter, high ambient temperature, and prolonged oper-

ation of self-ventilated motors at very low speeds.

WARNING: Thermostats autornaticaily reset

after the motor has cooled somewhat In order

to preven tproperty damage or injury to person-

nel, the control circuit should be designed xo

prevent the automatic starting of the motor

when the thermostat resets.
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TABLE 6

MAXIMUM CURRENT RATINGS FOR
SPEED LIMIT SWITCHES &THERMOSTATS

ON DRIPPROOF &TOTALLY
ENCLOSED MOTORS

(Normally open or normally closed corrtacts)

LOAD 125 VAC 250 VAC 600 VAC 30 VDC

Do not use above 600 VAC or 30 VDC

Resistive 5 AMPS 2.5 AMPS 1 AMP 5 AMPS

"Inductive 3 AMPS 1.5 AMPS 0.5 AMP 1.5 AMPS

"Suitable for pilot duty only (relay coils)

Speed Limit Device
The standard mechanical speed limit device is non-adjust-

able. Tripping speed is specified by a note on the print

certification for each specific order and on the motor

nameplate.

The speed limit electrical contacts are normally closed and

are usually connected in relay or holding circuits. Current

ratings are the same as Table 6.

WARNING: The contacts .of<the speed. Iimit

device automatically reclose after tiie speedhas

fallen below the trip value. In order to prevent

property damage or injury to personnel, the

control circuitshould be designed to preventre-

energizing the motor until the cause of the

overs~ieed has been corrected.

Space Heater
When furnished, refer to the PrintCertificationforFlec~i-

cal Rating or the motor nameplate.

WARNINGS The surface of a space heaterblock

becomes hot when the heater is enecgize~. T'he

temperature rise above the ambient temper

tore may be as high. as. 400°C. Avoid touching

heater blocks which have recently been ener-

gized to prevent burns. Also, to prevent fire or

explosion, ignitable dust or lint should'not ~e

allowed ro collect around the surface: of the

heaters.: -
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~~~~~~~~~~~/entilation System
- 3lowers or central systems must be in operation co supply

cooling air before loading force-ventilated machines. Air

filters should be in place. Blowers should be checked for

correct rotation. (Refer to Fg. 3 for correct direction of

rotation.)

AIR INLET

HOUSING

IMPELLER
BLADES

INTERNAL
BAFFLE

VIEW LOOKING AT AIR INLET,
NP36A424875 BLOWER MOTOR IS ON FAR 51DE

Fg.3 Correct Arrangement of Blower

Housing, Impeller Blades and Di-
rection ofRotation toObtain Proper
Pressure and Air Flow

AC Blower Motors (If Equipped)

CAUTION: Remove drain plugs from the frame

or endshields of enclosed motors used outdoors

or in other high moisture areas._

Mounting

When bases are removed on enclosed motors, the enclo-

sure must be maintained by plugging the bolt holes with

the plastic plugs from Kit No. 1821BPK1.

WARN~TG: Do not replace-..the bolts in the

frame-with the base.removed:
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Power Supply and Connections

The nameplate voltage and frequency should agree with

power supply. Motors will operate satisfactorily on line

voltage within +-10% of the nameplate value or frequency

within + - 59'o combined variation not to exceed + - 10%.

Dual voltage motors can be connected for the desired

voltage using instructions on the nameplate or connection
b

diagram.

Wiring of motor, con trol, overload protection, and gro'~,nd-

ing should meet the National Elecu-ical.Code and local

building codes.

Maintenance
Inspection

Inspect the motor at regular intervals. Keep motor clean

and ventilating openings clear.

Lubrication

Ball bearing motors are adequately lubricated at the fac-

tory. Motors, if equipped with grease fittings, should be

relubricated at intervals consistent with type of service

(refer to Table 7) to provide maximum bearing life. Exces-

sive or too frequent lubrication may damage the motor.

Relubricate the motor with GE-DCrA2C5 grease unless

special grease is specified on the nameplate. For best

purging of old grease, relubricate while the motor is warm

and the shaft stationary.

WARNING: Do notrelubricate while the motor

running.

Remove caps on the fan cover for access to the grease plugs.

On the drive end and opposite drive end of motors with

pipe plugs, insert a lubrication fitting. Remove the other

plug for grease relief of all motors. Clean grease relief

opening of any hardened grease. Be sure fittings are clean

and free of dirt. Using a low pressure, hand operated

grease gun, pump in clean recommended grease until new

grease appears at the relief hole. After relubricating, allow

the motor to run for ten minutes before replacing relief

Plug•



TABLE 7

BLOWER MOTOR LUBRICATION GUIDE

Type of Typical HP Lubrication Interval
Service Examples Range Horizontal Vertical

S 1 or 2 Shifts .5 - 7.5 7 yrs. 3 yrs.
T
A
D
A
R
D

Severe Continuous Duty .5 - 7.5 4 yrs. 1.5 yrs.
and/or

Severe Vibration

Very Dirt and Vibration .5 - 7.5 9 mos. 6 mos.
Severe and/or

High Ambient

Motor windings

To clean motors, use a soft brush and, if necessary, a slow

acting solvent in a well ventilated room.

WARNIlITG: Do not use solvents on windings of

:the DC motor:

Brake
Flange-mounted brakes maybe mounted on the accessory

rabbet. Since the accessory stub shaft is not suitable for use

with a brake, the standard NEMA commutator end shaft

extension should be ordered when such use is planned.

Standard brakes are designed for horizontal floor mount-

ingonly. When motors are sidewall or ceiling mounted, the

brake must be reassembled to maintain its relation to the

horizontal. Where motors are to be mountedwith the shaft

vertical up or down, special brakes should be specified.

Brake`s used on severe applications, such as outdoor gantry

cranes, have many special features.

WARNIlVG: Improper seIecciorr or installation
of a brake and/or lack of .maintenance may

cause brake failure which can result in damage

'to ̀property and/or injury to personnel. -Brake

questions should be re#erred to GE ilsoto=s-
DM&G oc the brake manufacturer along with

the brake model and senaL number:

17

Direct Current Motors and Generators, GEH-3967N

General Mechanical Inspection
Check the inside of the machine for tools, metal chips, or

any other foreign material that may have accumulated

during storage or installation. Make sure that all rotating

parts have clearance from any stationary parts. Turn the

machine over by hand, if possible, and check for scraping

noises or any other signs of mechanical interference.

Check the tightness of the bolts in th feet, couplings,

bearing housings, and any other bolts that may have been

disturbed. (Refer to Table 8) Also check the torque of the

yoke bolts. When non-metallic parts or brush holders are

bolted to metallic parts use the reduced torque from Table 8A

Check the tightness of the main and commutating pole

bolts (as listed in Table 9) at start-up. Loose pole bolts

could be a source of objectionable noise when motors are

supplied from rectified power. Also check the torque of the

yoke bolts.

TABLE 8

GRADE 5 HARDWARE TORQUE VALUES

BOLT HEX
THREAD HEAD TORQUE

SIZE (inches) DIMENSION LB. FT.

1/4 - 20 7/16 7 TO 9
5/16 - 18 1/2 13 TO 17
3/8 - 16 9/16 24 TO 30
1/2 - 13 3/4 60 TO 75
5/8 - 11 15/16 120 TO 150
3/4 - 10 11/8 210 TO 260
1 - 8 11/2 460 TO 580

TABLE 8A

NON-METALIC PARTS AND BRUSH HOLDERS

BOLT HEX
THREAD HEAD TORQUE

SIZE (inches) DIMENSION LB.FT.

1 /4 - 20 7/16 5 TO 7

5/16 - 18 1/2 7 TO 9

3/8 - 16 9/16 13 TO 17

1 /2 - 13 3/4 24 TO 30

5/8 - 11 15/16 60 TO 75
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TABLE 9

COMMUTATING AND MAIN POLE
BOLT TORQUE

FRAME BOLT TORQUE Ib-ft
A BSIZE

CD180AT 3/8-16 24-30 16-20
CD210AT 3/8-16 24-30 16-20
CD250AT 3/8-16 24-30 16-20
CD280AT 1/2-13 60-75 36-45
CD320AT 1/2-13 60-75 36-45

• CD360AT/CD400AT 3/8-16 35-42 23-28
~* CD360AT/CD400AT 3/8-16 24-30 16-20

CD500AT 1/2-13 60-75 3Cr45

A. For steel bolts when assembled without lubricant
(dry threads)

B. Forsteelboltswhenassembledwithlubricatedthreads
6 radial slashes on bolt head. (Grade 8)

** 3 radial slashes on bolt head. (Grade 5)

CAUTION: s~a~a moco~, as snipped, -are
'assembled with bolts without lubricant (dry

threads. Bolts maybe replaced when necessary

with bolts with -dry threads, or with bolts lubri-

~ Fated iJith a motor oil or other suitable thread

lubricant When lubricated threads are used,

the lower torque values in column B will appty.

Tile higher torque values in column A, when.

applied fo bolts with lubricated threads, can

cause excessive bolt tension and possible bolt

b;eakage: .

Accessory Mounting
Provisions for mounting accessories on the commutator

end shield is a standard feature on frames CD210AT and

above. The rabbet has NEMA Type FC face mounting

dimensions, including the mounting bolt holes as shown in

Fig. 4. The standazd stub shaft also permits coupling

certain accessories.

WARNING: To prevent- injury from rotating

shaft, the stub shaft cover mustbe maintained in

position when the accessory mounting is not

used.

ing adapter, which can be machined for various accesso-

ries, can be ordered separately.

Inspection After Starting
The following items should be checked after the machine

is running:

Bearings
Ball-bearing orroller-bearing housing temperature should

not be more than 80°C (176°F). Check alignment and

lubrication if temperature exceeds this limit. Do not o~er-

grease• (Refer to the Regressing Procedure section of this ~-

Instruction Book.)

Noise and Vibration
Check for unusual vibration or noises that might indicate

rubbing or interference.

Vibration of new machines at the bearing housings, as

measured by a vibration meter, should not exceed the

values shown in Table 10. (The motor is moun ted alone on

rubber per NEMA method.)

The most likely cause of vibration in new machines is

misalignment due to impropAr installation, loose foot

bolts, uneven shimming under feet, or damage to machine

during shipment or installation. Current ripple due to

rectified power supply may also be a source ofvibration and

audio noise.

TABLE 10

VIBRATION VALUES

MAXIMUM AMPLITUDE
IN INCHES

RPM (PEAK TO PEAK)

3000 - 4000 Incl. .001

1500 - 2999 incl. .0015

1000 - 1499 incl. .002

999 and below .0025

Inspection After Short Time in
Service
New machines may smell warm or have the odor of vaznish,

but should not smell scorched.

ndard accessories are available as kits. These include a
After a machine has been operating for a short time, an

ety of tachometers and speed limit switches. Amount- ~' _,..,,-~
inspection should be made to ascertain that there have

18
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Ory 
"1OUnting fec:e

NOTE: Max Rnissible threadPB See machine
engapemer~t in these ~~~ ~

holes is 1.00'. location

0.24'
NOTES:~~
Accessories shaft as shown famished on ell ma-

~ e'~~ chines not having commutator end shaft exten-
8.498' Dia.

5~

sions.

' +-~ 0.40'
7,250• ~ ~ Accessories shaft is suitable for driving tachome-

pifl, ter end speed limit switch.

For brake application a keyed commutator end
0.50"-13 tap

~ (4) Holes ~ shaft extension is required.

~~~y 5~~ Famished on CD1 BOAT only when specifically w-

\ I dared.

1.1250"
1.1245• Dia.

0.18' ~ ~ 
CD180AT and CD210AT do not
have shoulders as shown.

0.44"
~ _ __ Famished on CD180AT only

_ when specifically ordered.

0.130' Die. x.375'-16 tsip 0.88' Deep
0.30' Dp ~ p~ tenter 0.75' Dia.

CD180AT-320AT

2.1250'
2.1245' Dia.

~` ~

0.875'R

(2) No. 1 a24
tap 0.60' Dp

0.500'-13 tap 1.25 Deep
60 Deg. center 0.75' Die

CD360AT

c.arav 0.525'-11 tap
2.3745' Dia 1.~' ~p 2.8750'

2.8745' Die.
so Deg. center

/ \ 1.00' Die

~a
0.875'R `

~, (22)0.375'16 tap 1.00' Deep 0.875'R

0.500'-13 tap 1.25' Deep

60 Deg. center 0.75' Dia. 
(2)0.375'-18 tap
1.00 Deep

CD400AT CD500AT

Standard commutator-end bracket
and accessory shaft extension.

Fig. 4A Accessory Mounting CD 180AT - GD500AT

19



Direct Current Motors and Generators, GEH-3967N

5.875'
Dia.

o.~r aa. °ry
I4) Floba e4ualfY sPaoed ^1OU^~^O f'

1 I+~ .~. ~— 4.24'

4.501' Dia C3) aides

BC42/BC46 Tachometer edspter
moues on bracket shown in Flp. 5A

Fig. 4B

3.54'
r---~ ~~

.38• Sa;~ ~ man,ur~ race

dowel
.022' ~, ~ I i

2.44' ~ ~
Dis.

rA"Dla

(2) No. 10-32 tip
90 Dsp. ~p~rt

0.25'-20 tsp
(a) Hobs cab sP~

.~

A~aory
mounting t

~ 3.96'

Removabb cover
2.501' Dia. (3) sides

Form 'Y' Tachometer adapter
mounts on.brar~cet ahovvt~ in Fig. 5A

Fig. 4C

KEY WAY„A„

WIDTH DEPTH

.6255 ,~g~5 .0937

.6250

.7505 ,1875 .0937

.7500

.5005 OMIT

.5000

.3130 OMIT

.3125

Adepts►, Saew 3 Dowd used on CD210AT-320AT only. Torsionally rigid oouplirp rated ~t
CoupNnp bolls dMedly to shat on C0.'iea50MT. .17 HP psr 100 RPM.

Fg. 4D

Fg. 4B-D Accessory Mounting CD180AT - CD500AT
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been no changes since installation. Re-torque all main and

commutating pole bolts. (Refer to Table 9.) Also check the

torque of the yoke bolo. (Refer to_ Table 8.) Check for

increased vibration, signs of change in alignment or foun-

dation settling, bolts that may have loosened, rubbing

parts, loose connections, and worsened commutation, and

take the proper steps to correct the trouble. Also, check

condition of air filters on blower ventilated machines. The

amoun t of dirt in the air varies widely between installations.

MAINTENANCE

WARNIlVGe High voltage electric shock may

cause serious or fatal injury. Disconnect power

before- touching any internal part High voltage

may be present even when the machine is not

rotating.. If used .with a rectified power supply,

disconnect all AC line connections to power

supply.`Witti other power supplies, disconnect

ali DC line and' field connections. Also, discon-

nect power from auxiliary.devices.

WARNING: Ground the machine properly w

avoid serious injury to personnel. Grounding

mustbe in accordance with the National Electri-

cal•Code and consistent with sound Local prao-

tices.

WARNING: Replace covers and protective de-

vices before operating.

Bearings (Frames CD180AT CD210AT)

Double shielded bearings are standard in these frame sizes.

The bearings are lubricated by the bearing manufacturer

and are not regreasable. These bearings should be re-

placed whenever the motor is disassembled for servicing.

Bearings (Frames CD250AT CD500AT)

Bearing°,housings are packed with grease at the factory.

Greasing is not required before the motor is put into

service. Since the oil in the grease will ultimately become

depleted, it is necessary. to relubricate bearings periodically

depending on the frame size of the motor, average operat-

ing speed, and the type of bearing (ball or roller). (Refer

to Table 11. )
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Motors operating in ambient temperatures above 40°C

should reduce interval listed in Table 11 by half.

TABLE 11

RECOMMENDED REGREASING PERIODS

RELUBRICATION
INTERVAL IN
HOURS OF
OPERATION

FRAME AVERAGE BALL ROLLER
SIZE RPM BEARING BEARING

CD250AT, 500 36000 18000
CD280AT & 1150 15000 7500
CD320AT 1750 10000 5000

3000 5000 2500

CD360AT & 500 ~ 30000 15000
CD400AT 1150 12000 6000

1750 6000 3000
3000 2500 1250

CD500AT & 500 25000 12500
CD5010AT 1150 8000 4000

1750 4000 2000
2000 2600 1300

For best lubrication results, regrease with GE grease No.

D6A2C5 or an equivalent lithium base ball bearing grease.

(Refer to Table 12.) Avoid mixing different kinds of grease.

Lubricate motor at standstill. Make sure the grease fitting

is clean and free from dirt. Remove lower grease relief plug

(reliefpipe on fan-cooled motor). Free the reliefhole from

any hardened grease. Use a hand~perated grease gun

only. Pump in grease until new grease appears at lower

grease hole. (Insert pipe occasionally on fan~ooled motors

to check for appearance of new grease.) After greasing,

allow motor to run about ten minutes before replacing

grease relief plug (or pipe) to permit excess grease to drain

out.
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~~ALI'lZON:Ifa~arge amonntofgrease ispumped
info the.motor and none appears at the.drain,
Shen remove the handhole covers-.and visually
inspect the area where the shaft protrudes thru
the cap and enc~shielcl.for grease leakage. This
would ̀indicate :that the drain is plugged up. If
th soccurs, then remove bearing cap and clean
all dried.grease out ofthe cavity and drain hole:
Refill 1J3 full. Be sure to wipe away any grease
leakage before reassembling the haridhole cov-
ers. Repeat cleaning after 12-24 hours of opera-
rian.

Replacement of Bearings

After the bearing brackets have been removed, a bearing
puller may be used to pull the bearings from the shaft.
Protect the shaft center while using the puller. On frames

CD360AT through CD500AT, it may be necessary to re-

move the bearing retaining snap ring before pulling the

bearing. Discard the old bearing. The new bearing and all
~.

mating parts should be kept extremely clean during reas-
sembly. (Refer to Table 13 when selecting replacement

bearings.)

To install a new bearing, heat the bearing to llfr127°C
(24Q260°F) in oil or in an oven. Then slip or press the
bearing on the shaft. The bearing should be mounted
tightly against the shoulder on the shaft e

After the bearing has cooled, re-install the retaining ring _
where used. Fill the grease reservoir in the inner bearing `~`
cap or cartridge 1/3 to 1/2 full of grease. Butter the
bearings and fill the grease reservoir in the bearing bracket
1/3 to 1/2 full of grease.

Brushes (Refer to Figs. 5, 6, and 7.)
Good brush performance is dependent on the care used in
fitting and adjusting the brushes before the machines are
put into service. An initial inspection of brush condition

WARP3ING: Fxtceme pressure (EP) greases should' not be used in DC machines. Insulation deterioration and
increased..brush wear.:may result firom fhe presence of silicones.

r- - - -
TABLE 12

SOURCES OF SUPPLY FOR BEARING GREASES

Temperature GE Designation Supplier Supplier's Designation

STANDARD TEMPERATURE D6A2C5 GE Supply GE Ball Bearing Grease
15°F to 212°F 158 Gaither Drive isuppiied in small
-10°C to 10Q°C Mt. Laurel, NJ 08054 tubes and cans

1-800-341-1010

Shell Oil Company Alvania No. 2
P.O. Box 2463
One Shell Plaza
Houston, TX 77002
(713) 241-420'1

Texaco, Inc. Regal AFB-2
200 Westchester Avenue
White Plains, NY 10650
f914) 253-4000

l,QW TEMPERATURE D6A4 Shell Oil Company Aeroshell No. 7
-60°F to 200°F P.O. Box 2463
-51°C to 93°C One Shell Plaza

Houston, TX 77002

~1713) 241-4201

HIGH TEMPERATURE D6A2C13 Standard Oil Company Chevron "SRI II"
-20°F to 350°F 225 Bush Street
-28°C to 176°C San Francisco, CA 94120

14151894-7700
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TABLE 13

STANDARD BALL BEARINGS FOR KINAMATiC MOTORS*

NEMA STANDARD STANDARD
COMM END DRIVE END

FRAME DIAMETER BEARING AFBMA # BEARING AFBMA #

180AT 6206 30BCO2JPP3 6206 30BCO2JPP3

210AT 6206 306CO2JPP3 6207 356CO2JPP3

250AT 6207 356CO2X3 6209 456CO2X3

280AT 6209 456CO2X3 6210 50BCO2X3

320AT 6210 506CO2X3 6211 556CO2X3

360AT 6211 55BCO2X3 6213 65BCO2X3

3610AT 6211 556CO2X3 6214 706CO2X3

3612AT 6213 656CO2X3 6214 706CO2X3

400AT 6213 656CO2X3 6214 706CO2X3

4012AT 6214 70BCO2X3 6217 85BCO2X3

500AT 6216 806CO2X3 6218 906CO2X3

5010AT 6218 906CO2X3 6222 ~ 110BCO2X3

• Motors sometimes have oversize ball bearing and roller bearing opfions

TABLE 14

MINIMUM BRUSH LENGTH (in inches)

FRAME MINIMUM BRUSH LENGTH*

CD180AT .68

CD210AT-250AT .70

CD280AT-320AT .90

CD360AT 1.10

CD400AT 1.50

C D500AT 1.60

Refer to Figs. 5, 6,7 for drawing

and another inspection after the first two months of service

is recommended to determine how often subsequent in-

spections are needed. Wear markers are provided on the

brust'~pigtail. (Refer to Figs. 6 and 7.) When the crimped

marker approaches entry into the brushholder, brush

replacement should be investigated. For future ordering,

record the brush part number which is stamped on the

brush. (Refer to Table 18.)
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CAiJTION: DC motors and generators oper- 'i

ated for long periods of dme at light loads or in

;contaminated atmospheres may be subject. to

abnormal brush and commutatorwear..This can

.result. in the need for excessive maintenance

and/or commutator damage..If the application,..
requires.operation under these conditions, GE

IVlotors-D11R&twill be pleasedto suggests change

in brush grade or other: measures to minimize.

the. problem.

WARNING:.. High voltage and rotating machin-

ery-can cause serious or fatal injury. Brushes may.

notbe touched or replaced while the machine is

energized or rotating.

CAITTION: The presence of silicone ' in DC

motors, particularly totally enclosed coristruc-

lions, wi1T cause rapid brush wear. Sources . of

silicone include oils, RT'V compounds, hand

creams, mold release. agents, grease, and some.

insulating varnishes. These silicone substances

must be avoided to insure proper motor per-,'

formance.
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Wear

Fig. 5
Frame CD 180AT

Fig. 6 Fig. 7
Frames CD210AT-320AT Frames CD360AT-500AT

Measure Brush Length Here:

Fig. 5, 6, 7 Brushholder Assemblies

With Machines Stopped and Power Off:

(Refer to Fgs. 5, 6, and 7.)

1. Unfasten pigtail (Refer to OO ).

2. Release spring by pushing in slightly to disengage

locking tab (Refer to ~), then pull spring back.

3. Remove brush.

Brush Installation:

1. Place brush in holderwith bevel towards spring. Brushes

should move freely in holder.

2. CD180AT - Release spring to original position against

brush. CD210AT-CD500AT-Push spring into position

until lock tab (Refer to ~) engages slot and locks.

3. Connect pigtail

NOTE: If the brushholders have been disassembled, it may

be necessary to readjust the height of the holder from the

commutator surface. Loosen the brush stud to holder

'crew and adjust the holder until a gap of .070" to .080" is

btained. Retighten the screw and recheck the gap. (Refer

to Fg. 8.)
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BRUSH BRUSH
STUD

BRUSH
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.080

.070

COMMUTATOR

Fg. S Cozrert Spacing of Brushholder
to Commutator



Brush Seating
Brushes should have their commutator contact surfaces

curved to exactly fit the commutator surface. This is accom-

plished by "sanding in" the brushes in each brushholder

separately. Draw a sheet of coarse non-metallic sandpaper

(10x150 grit) under the brushes with the rough side

toward the brush, while the brushes are pressed firmly

toward the commutator. Do not use emery cloth. When

sanding brushes, do not get carbon dust into the windings.

The motor should be thoroughly blown out after sanding

the brushes. This can be accomplished by cleaning the dust

from the commutator, brushholders, and adjacent parts

with a vacuum cleaner, air blast, or other suitable means.

After the rough sanding, the brushes should be finely

ground to fit using a brush seater. Rotate motor at around

nameplate RPM. Make sure there is no load on the ma-

chine (armature current is nil). Carefully and lightly rub

the brush seater across the entire commutator surface for

10 or 15 seconds. Repeat between each and every set of

brush studs. Reverse motor rotation and repeal Stop

motor and cut all power to the motor and check brush face.

Continue seating until brush face is 85% seated. Again,

motor must be thoroughly blown out after brush seating,

the same as with sanding.

CAL31'IONe Avoid inhaling carbon and seater

dust Recommend using. a dust mask during

sanding, seating and blowing, or vacuuming.,

Wt1RNING: High voltage and rotating parts can

cause' serious or fatal injury. The use of all

electric machiner}t, like all other utilization of

concentrated power and rotating .equipment,

can be hazardous. Installation, operation, -and

maintenance of electric machinery should be

~erformed by qualified personnel. Familiariza-

dbn with NEMA.safety standards for construo-

uon and guide for selection, insrallarion and use

of in[egrai HF motors and generators, National:

Electrical Code, and sound Iocal practices is

recommended.

CAUTION: Do nor use liquid solvents of any

kind. Solvents wilt not remove carbon dust accu-

mulations, bnt wiil'spread and wash them into

critical areas.
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Commutator
Keep the commutator clean. Ordinarily,.the commutator

will require only occasional wiping with a piece of canvas or

other nonlinting cloth. Do not use lubricant or solvent on

the commutztor. Check the commutator for roughness

while running by feeling the brushes with a fibre stick,

avoiding contact with live elecu-ical or moving mechani{al

parts. Jumping brushes give advance warning of deteriora-

tion of commutator surface. (Refer to the Commutator

Check Chart, GEA 7053 for commutator surface marking

and causes of poor commutator condition.) Commutator

runout over.003"T.I.R (TotalIndicatorReading) and bar

to bar readings over .0003" indicate need for repair. (Refer

to Table 15. )

CAUTION: The presence of silicone in DC

motors, particularly totally enclosed construc-

dons, will cause rapid brush wear.: Sources of

silicone include oils, : RTV compounds, hand

creams, mold release agents,. grease, and some

insulating varnishes. These silicone substances

must be avoided to insure proper motor per-

forrr►ance. .

TABLE 15

COMMUTATOR DIAMETERS (IN INCHES)

FRAME NEW MINIMUM

CD180AT 2.76 2.62
CD210AT 4.50 4.27
CD250AT 5.00 4.75
CD280AT 5.78 5.49
CD320AT 6.50 6.17
CD360AT 7.50 7.13
CD400AT 8.32 7.92
CD500AT 10.25 9.75

Commutator Undercutting
Specifications
If the commutator is resurfaced, or during inspection or

overhaul, insure the mica segments are undercut below the

commutator surface. Commutator undercutting should be

made to a depth of .040 - .050". Following commutator re-

surfacing (stoning/turning), the segments should be

"scarfed" by lightly breaking the sharp corners of the

copper segments with a knife or tool made for that pur-

pose. Scarfing segments will reduce carbon brush dust

buildup and improve brush life.
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~.~.~lllechanical
;heck the condition of air filters and replace them if they

are dirty. Check for unusual noises which were not present

when the unit was originally installed. Check all electrical

connections for tightness. Clean out any dirt from screens,

louvers, etc. which would in terfere with flow of cooling air.

Shaft End Play
Standard endplay should be measured with a dial indica-

tor. The limits are:

1. CD180AT thru CD320AT .005" [o .040"

2. CD360AT thru CD500AT .000" to .015"

Some designs may use a wavy washer (preload spring) to

eliminate endplay. The above limits do not include the

auial endplay of the bearing itself which is approx..002".

Waterproof Machines
Waterproof machines require the use of sealing devices to

exclude water from the bearings and from entering open-

ings in the magnetframe. When awaterproofmachine has

been disassembled, it will be necessary to remove the old

`,:sling compound from around the mating surfaces of the

`° ° • '"~ Baring brackets and magnet frame; from underneath the

field pole bolt heads and bearing cap to bearing bracket

bolt heads; and from around the conduit box adapter

threads to the magnet frame. Reapply new sealant (use

Titeseal T20-66, lightweight, GE part # 905A999AC009) to

these areas and wipe excess sealant with a clean rag slightly

dampened with mineral spirits. When accessories such as

brakes and tachometers are disassembled, itwill be neces-

sary to reseal at the accessory mounting face. Prior to

reassembly, inspect for damage at gaskets around enclo-

sure covers and at shaft rubbing seals located in the bearing

caps.

Lubrication of Flexible Couplings
Flexible couplings are normally lubricated with a semi-

fluid grease or an oil. The coupling manufacturer's in-

structionsshould be followed in choosing a lubricant and

setting relubrication intervals. GE ball bearing grease

D6A2C5 is a suitable lubzicant for flexible couplings in

most applications.

Flexible couplings which join a small machine to a lazge

ae may have two different size coupling halves joined by

.n adapter plate. Couplings of this type have a separate
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lubricant supply for each half, so that both halves must be

lubricated separately.

Insulation

CAUTION: Eliminate sources of contamina-

tion and moisture-for maximum insulation life.

Air. filters for blowers, air piped from cleaner

locations, shielding from water -leaks or spry,

proper use of space heaters during downtime,

etc., will all help prolong insulation life. ~

Premature failure of insulation is due to:

1. Contamination

2. Mechanical factors

3. High temperatures

Contamination includes excessive moisture, oily vapors,

conducting and nonconducting dust, chips, and chemical

fumes. Contamination is best avoided by proper enclosure

and ventilation. Filters, ventilation from a remote clean air

source, unit coolers, and a totallyenclosed construction are

all possible means of protecting DC machines in adverse

environments. Space heaters protect againstmoisture dam-

age by maintaining the machine above dew-point during

storage or when idle. They should be arranged so that they

are automatically energized whenever power is removed

from the motor. Space heaters do not supply enough heat

for drying out windings which have been water-soaked.

Mechanical factors include shock, vibration, overspeed,

etc. Maintaining machines in good mechanical repair,

including isolation from excessive external shock and main-

tenance of smooth running conditions, will contribute to
long insulation life.

The insulation system in these machines is capable of

withstanding some short time periods of operation at

temperatures higher than that used for the basis of ma-

chine rating. Prolonged or excessively high temperature

will cause the insulation to become brittle and crack,

leading to premature failure. Application data is available

from GE Motors-DM&G for any particular machine giving

suggested maximum loads for various operating condi-

tions. Operarionwithin these maximum loads will limit the

temperature to suitable values.



Testing Methods
Visual Inspection

Visual inspection is recommended as the quickest means of

finding insulation systems troubles. Visual inspection may

not sound like a test method, but a careful visual inspection

done by a competent person is one of the most valuable

means of judging insulation condition.

In addition to collecting contaminants, insulation shrinks,

cracks, and becomes bricde with heat and age. These

changes allow movement of coils, loose filler strips, loose

ties, chafing, and abrasion, all of which can be picked up by

visual inspection.

Experience and judgment can be gained by careful obser-

vation and comparing results of visual inspections with

insulation resistance measurement GE service shops have

personnel who can inspect equipment and point out po-

tential trouble areas. Their services can help build experi-

ence and judgment for future visual inspections.

Insulation Resistar+ce Measurement

A method of measuring the insulation resistance is de-

scribed in Report 43, "Recommended Practice for Testing

Insidation Resistance of Rotating Machinery", published

by IEEE, 345 E. 47th Street, New York, NY 1001'7. The

resistance measurements should be taken with a 500- or

1000-volt megger and corrected to 104°F (40°C).

The insulation resistance measurements are affected by

the following:

1. Magnitude of test voltage.

2. Time the test voltage is applied.

3. Temperature.

4. Surface condition (contaminants).

5. 11~isture.

When a 1000-volt megger is used, taking readings of one
~.

minute and converting the data to 40°C (104°F), the data

will evaluate the other two factors, i.e., the contaminants

and the moisture present

The insulation resistance varies inversely with the winding

temperature. That is, as the temperature decreases, the in-

sulation resistance increases in accordance with Table 16.
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TABLE 16

EFFECT OF TEMPERATURE
ON INSULATION RESISTANCE

WINDING MULTIPLYING FACTOR
TEMPERATURE TO OBTAIN INSULATION
DEGREE C RESISTANCE AT

40°C (104°F)

80 10.00

70 5.50

60 3.10

50 1.70

40 1.00

30 0.55.

20 0.31

10 0.17

Note that fora 104°F (40°C) decrease in temperature, the

insulation resistance is increased by a multiplier of ten.

The insulation resistance of a machine is affected by its

design. The insulation resistance of the armature circuit

corrected to 104°F (40°C) should measure at least 1.5

megohms or cleaning is required.

If the measurements are less than this limit, the machine

should be dried or cleaned to attempt to increase the

insulation resistance. Regular, periodic measurements of

insulation resistance can give a useful indication of the rate

of insulation system deterioration. External connections

should be removed to isolate the windings to be tested and

megger value logged. A sudden drop or consistenj trend

toward low values of insulation resistance, although possi-

bly caused by moisture or contamination, generally gives

evidence that the insulation system is deteriorating and

that failure may be eminent

High-potential tests are not recommended on machines

which have been in use. If such a test is made immediately

after installation, the testvoltage should not exceed 85g'o of

the original factory test of two times the rated voltage plus

1000 volts.

NOTE: Surge testing and AC impedance tests of windings

to detect shorts should be performed only by trained

personnel.
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~~~~~°~~~Cleaning of Windings
If windings become contaminated, suitable cleaning rneth-

ods can be used to alleviate the problem.

The machine should be de~nergized and slowly rotated by

hand to permit maximum dust removal. Dry dirt, dust, or

carbon should first be vacuumed - without disturbing

adjacent areas or redistributing the contamination. Use a

small nozzle or tube connected to the vacuum cleaner to

enter into narrow openings (i.e., between commutator

risers). A soft brush on the vacuum nozzle will loosen and

allow removal of dirt more firmly attached.

This vacuum cleaning may be supplemented by blowing

with compressed air (air pressure should be in accordance

with OSHA standards), which has passed through a dryer

to remove moisture before entering the motor.

Dirt can`collect on the inside surface of the drive~nd coil

support and on the underside of the armature coils. This

dirt can be easily removed with compressed air or a vacuum.

Dirt may also accumulate in the axial vent holes which pass

all the way through the armature core and commutator. It

1 v~',`~usually will be necessary to use compressed air to blow this

.... -" dirt out. The commutator vent holes can best be cleaned by

directing air from the commutator end.

It is importan t to realize that when blowing out a machine,

dirt may settle in a previously cleaned area and it may be

necessary to repeat the cleaning process to ensure that a

thorough job is done.

Dirt can be removed from stationary parts of the machine

by either compressed air or a vacuum nozzle or a combina-

tion of both. Air should be directed between the stator

coils, into the pocket corners of bearing brackets, around

the cables, and onto the brush rigging. Special care should

be taken to keep the commutator clean. The commutator

should be wiped with a clean lint-free cloth after blowing

out.

WARNING: High voltage electric shock .can

-cause serious or fatal injury. Electrical circuits

must be de-energized prior to cleaning or other

maintenance activities.. Ground electrical cir-

cults .prior to cleaning or maintenance to dis-

charge capacitors. Failure to observe these pre-

cautions may result in injury to personnel:.
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WARNING: Solvents may be flammable and

moderately Eoxic. The usual precautions for

handling chemicals of this type must be .ob-

served. These include:

1. Avoid excessive contact`with skin.

2. Use in well ventilated areas.

3. Take necessaryprecautionstopreventfireor

explosion hazards.

WARNING: Safetyglassesand/orottierprotec-

tive equipment should be used to prevent injury

to eyes and respiratory. organs.

Oily Dirt

The presence of oil makes thorough, effective cleaning of

machines in service virtually impossible and service shop

conditioning is recommended. Oil on a surface forms a "fly

paper effect",which attracts and holds firmly any entrained

dust. Neither suction nor compressed air is ef~'ective. Con-

sequendy, only accessible areas may be cleaned. First,

remove as much of the din as possible by scraping or

brushing the direy surfaces. Then, wipe away as much dirt

as possible with dry rags. For surfaces not readily accessible,

a rag on a hook wire can be used to clean dirt out of holes

and crevices. Rags should be changed frequently for clean

ones so that contamination picked up from one area is not

carried to other less dirty areas.

To simplify removal of oily dirt, solvents are commonly

prescribed.



GE Motors
Co~nmcrtator Che~~ ~i~art

For Com~ar~nQ Commutator Surface Markings

SATISFACTORY COMMUTATOR SURFACES

_ _ ~~"`~w~~=., €, vim_

~.: .~.
n~:;;~~.

r~ ̀_ _ -
s~~ ~ ~

LIGHT TAN FILM over entire commv- MOTTLED SURFACE with rondom fil
m

rotor surface is one of many normal con- ponem is probably the most frequentl
y

ditions ohen seen on a well•f~nctioning observed condition of commutators in

machine. industry.

SLOT BARaWARKING, a slightly darker HEAVY HLM wn appeor over emirc
FJm, appears on bars in a definite pattern area of eHicienr cnd normal commutctor

relayed to number of conductors per slot. and, if uniform, is quite acceptable

WATCH FOR THESE DANGER SIGNS

STREAKING on the commutator surface signals the THREADING of commutafw 
with fine lines rnulh GROOVING is a mechanical condition caused by

beginning of serious metal tronsFer to the carbon brush. when excessive metal honsfer occurs. It usually leads abrasive material in the brush or atmosphere IF

Check the chart below for possible causes. to resurfacing of commutator and rapid brush wear. grooves form, start corrective action.

COPPER DRAG, an abnormal build-up of commutator PITCH BARaV1ARKING produces low or burned spots HEAVY SLOT BAR-MARKING can imwlve etching
 of

material, forms most oken at boiling edge of bar. Con• on the commutator surFace. The number of these mark- hailing edge of commutator bar. Pattern is related to

di~ion is rare, but can cause Hoshover if not checked. ings equals half or all the number of poles on the motor. number of conductors per slot.

CAUSES OF POOR COMMUTATOR CONDITION

Frequerrt visual inspection of commutator surfaces can atom you when any of the above 
conditions are derebgng so that you can take early corrective action. The chart below

may indicate some possible causes of these conditions, suggesting the p
roper productive maintenance.

Electrical
Adjustment

Electrical
Overload

Light
Electrical
Load

Armature
Connection

Unbalanced
Shunt
Field

Brush
Presure
(light)

Vibration

Typ¢ of Brush
In Use

~p~taminalion

Abrasive
Brush

Porous
Brush Gas

Abrasive
Dual

Streaking x x x x X X

Threading x n x X

Grooving
x X

Copper Drag x x X x

Pitch Bar-Marking X x X X X

Slot Bar-Marking x x x

HOW TO GET THE MOST VALUE FROM THIS CHART

GE Motors The purpose of the Commutator Check Chart is to help you spot undesirable commutator
 conditions as

3001 Easi Lake Road +hey develop so you can take corrective action before the condition becomes serious. This 
chart will also

Erie, PA 16531 
serve as an aid in recognizing satisfactory surFaces.

The box chart above indicates the importance of selecting the tarred brush and having the right o
perating

Ph0/~g: 8~¢-8]5-329 conditions for optimum brush life and commutator wear.

~-- -aa:•:~~~1 ~~~.+~m~tinn er halo with carbon brush opplicafion or commutation problems, contact your
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WARNING: WhileFREONTF~ isconsideredto
be non-flammable and has a relatively low order

of toxicity, it should be used only in well-venci-

latedareasthat are free from open flames. Avoid

prolonged exposure to vapors. Failure to o~

serve these precautions may result in injury to

personnel.

FREON TF is the recommended solvent for cleaning be-

cause it isnonflammable, has good solvency for grease and

oil, is considered safe with most varnishes and insulations,

and has a low order of toxicity. Stoddard Solvent has good

solvency, but is flammable and moderately toxic. Before

using any solvent, consult the Material Safety Data Sheet.

Steam cleaning is not recommended because, as with

liquid solvents, conducting contaminants may be carried

deep into inaccessible areas resulting in shorts and grounds.

FREON TF is a chlorofluorocarbon. Chlorofluorocarbons

have been identified as upper atmosphere ozone depletory.

The use of Freon in industry is expected to be .greatly

reduced in the future. The availability of Freon may be

""` ., limited, and its use could be prohibited by regulations.
i

CAUTION: Carbon brush performance maybe

ruined by absorbed solvents. Remove brushes

prior to solvent wiping.

Drying of Windings
Drying of machines is most effectively done by application

of heat. The windings and insulation should be heated so

that their temperature does not exceed 225°F (125°C) at

anylocation. (Do notmake local hotspors.) The machine's

own frame and the addition of some covers usually will

make an effective enclosure to contain the heat, if an oven

cannot be used. Some flow of air is desirable to allow

moisture to be carried away. Methods of generating heat

include blowing hot air through the machine, heating with

heat lamps, passing current through the main-field-coil

windings, etc.

If temperatures as high as 225°F (i25°C) can be attained,

they should be limited to six or eight hours duration. Lower

temperatures will cause correspondingly longer drying

times.

OO Registered trademark of the E.I. Dupont Co.
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Drying out can be ended when the insulation resistance to

ground (corrected to 40°C) is restored to a satisfactory

value as described in the Insulation Resistance section. if

these values do not reach a proper level. then a thorough

cleaning or complete reconditioning may be necessary.

Service Shop Cleaning
When the cleaning or drying methods described in pre-

ceding paragraphs do not result in restoration of accept-

able insulation resistance and/or when mack~,~nes are

extremely dirty or contaminated, it is recommended that

the reconditioning services of a GE service shop be ot~

twined. Service shops are knowledgeable and equipped for

more sophisticated restoration methods, such as hotwater

detergent wash, solvent and abrasive cleaning, revarnish-

ing, and rewinding if necessary.

Repair
Repairs should be made onl}~ by qualified personnel using

the materials and processes for which the motor was

designed. To protect the warranty during the warranty

period, all repairs must be made in a GE service shop or

approved repair facility. Many repairs can be easily per-

formedwith only assembly operations, if GE replacement

parts are available. If major repairs are undertaken (such

as rewinding an armature), proper facilities should be

available and suitable precautions observed.

WARNINGo When burning off old insulation

materials or when welding near insulation dur-

ing rewinding, adequate ventilation must be.

provided to avoid exposing personnel to nox-

iousfumes. Combustion of exhaust fumes must

be complete and adequately vented to the out-

side atmosphere.

WARNING: Exposure of personnel to airborne

inorganic fibers must be avoided by adequate

ventilation or by wetting the remaining insula-

tion components following the burning off of

the organic materials:



., Failure

WARNING: An extreme overload or elecu-ical

failure: may result. in heating or arcing, ryhich

can cause the. insulation to give off noxious

fumes All:power should be. removed from the

.motor circuit as a precaution, even though the

circuit has overload protection: Personnel should

not approach the motor until adequate ventila-

tion of the area has purged the air of fiunes.

When covers of a totally enclosed motor are

removed'after a failure, care should be observed

to-avoid breathing fumesfram inside the motor.

Preferably, time should be'aliowed for the mo-

for to cool before attempting any examination

or repair.

WARNING: Water.shouId not:be applied to any_

electrically energised equipment because elec-

tric shock' could resultin serious or"fatal injury.

In case of ire, dssconneet all power and use a

carbon dioxide extinguisher'to quenchxo Flame:

Before operating; auy motor after a suspected

failure,`it should.be inspected for damage. Re-

move covers anti. make visual inspections of the

brushes, commutator,.connecuons, and wind-

ings. Electrica~:[ests ofeach winding to check for

open or short circuit or grounds should be

made. Any arc damage should. be cleaned up

and repaired as necessary. Brushes may need re-

seapng before operation:;
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RENEWAL PARTS
Using genuine GE renewal parts assures continued high

performance and the full benefits of the long operating life

designed into your GE motor.

Downtime can be minimized by having a protective stock of

parts available for replacement. {Refer to Table 17.)

The permanently attached nameplate on your GE motor

displays the model and serial number, providing all the

information you need for ordering. Parts are available

directly from authorized GE-DM&G parts distributors. Di-

rect electronic access to the factory database of motor

information and warehouse inventories enables the dis

tributor to quickly identify part numbers, delivery times,

and order status.

Distributor location is available to you at
(814) 875-2387 (and toll free outside

Pennsylvania at 1-800-458-0451).

For your convenience, Table 18 outlines standard brush

and brush spring part numbers to assist in ordering renewal

parrs.
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SPARE PARTS

TABLE 17

RECOMMENDED SPARE PARTS

As insurance against costly downtime, it is strongly recommended that spare parts be kept on hand in

accordance with the chart below:

NUMBER OF DUPLICATE MOTORS IN SERVICE

1 2-4 5-10 11-20 More than 20DESCRIPTION

WITH OR WITHOUT ELECTRICAL SHOP FACILITIES

Complete Machine - - - ~ 2
Drive End Ball Bearing 1 1 1 2 3

Front End Ball Bearing 1 1 1 2 3
Brushes (Sets) 2 4 6 8 10
Brushholders (Sets) - 1/2 1/2 1 1

Brushholder Springs (Sets) 1/2 1 1 2 2

Main Field Coil and Pole - 1 1 2 3

Commutating Field Coil and Pole - 1 1 2 3

Armature Complete* - 1 1 2 2

Blower Vent, motors
Blower motors - 7 ~ 2 2

WITH ELECTRICAL SHOP FACILITIES

Shaft** - - - 1 1

Armature Rewinding Supplies - 1 1 2 3

* If shop facilities are available, the quantity of armatures may be reduced by stocking the armature parts

listed in the second group.
**Shaft not replaceable in CD180AT thru CD250AT.

TABLE 18

STANDARD BRUSH AND BRUSH SPRING PART NUMBERS

FRAME SIZE STANDARD BRUSH BRUSH SPRING
PART NUMBER* PART NUMBER

CD 180AT 36A167400AA001 36B467022AB001

CD210AT 36A167401 AA008 36B467020AA001

CD250AT 36A167401AA008 36B467020AA001

CD280AT 36A167402AA004 36B467021AA001

CD320AT 36A167402AA004 36B467021AA001

CD360AT 36A164456AA021 366465486AA001

CD400AT 36A164451A6018 36B465481AD001

CD500AT 36A164452AA021 36B465482AA001

*Brush part numbers are for most applications. Special applications such as papermills, pump motors,

diesel-driven generators and others may require special brush grades. Before ordering brushes, check

the part number stamped on the brush to ensure the correct brush replacement.
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'1 This page left intentionally blank.
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Exploded views found on pages 34 & 35
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Q~r•
Name Per Motor

1. Brush 2

" 2. Brush Spring 2

3. Bearing C.E. 1

4. Bearing D.E. ]

5. Armature 1

6. Coil &Pole Comm. 2

7. Coil Main 2

8. Bearing Bracket (CE) 1

9. Access Cover I

10. Brush Rigging 1

11. Armature Fan 1

12. Bearing Bracket (DE) ]

13. Wound Frame Assembly ]

5

%'

13

3 ,_~ ~ --

1 ~ I `,~

a } ,,
~-Y. • ,~

2
6

Commutator End

Fig. 9 CD180AT Frame, Exploded View
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Section 4

POLY CHAIN ASSEMBLY



Poly Chain Transmission
General Description

Power from the electric motor and evacuation motor to the gear reducer is transmitted by
a poly chain belt and sprocket. The sprockets are specially designed to give your
installation the optimum gear ratio.

Do not change these sheaves without the approval of POMA of AMERICA.

Parts. (All part numbers are Gates Rubber Company numbers)

Electric motor sprocket (D) Part #: 14M-48S-20

Evacuation motor sprocket (E) Part #: 14M-48S-20

Gear reducer sprocket (F) Part #: 14M-50S-68

Poly chain belts: Electric (G) Part #: 14M-1960-20

Evacuation (H) Part #: 14M-1750-20

FIGURE 4-1

Section 4: 1999
V-Belt Assembly

1

A: Electric Motor
B: Evacuation Motor
(Hydraulic Motor)

C: Gearbox
D: Electric motor sprocket
E: Evacuation motor sprocket
F: Gear reducer sprocket
G: Electric Poly Chain belt
H: Evacuation Poly Chain Belt
I: Elec. tension adjustment bolt
J: Evac. tension adjustment bolt



Assemb/ y

Electric Motor Sheave

Install the Poly chain sprocket on the electric motor output shaft as close as possible to
the motor housing without interference.

Make sure the tapered-cone surface of the bushing and the mating bore of the
sprocket are free of all foreign substances,_ such as dirt, excess paint
accumulations, metal chips, lubricants, etc.

For POSITION ONE or POSITION TWO, whichever applies (see figure 4-1), line
up the unthreaded holes (C) with the threaded holes (T) and insert cap screws with
lock washers engaging only 2 or 3 threads. Screw heads should be mounted
outside to enable disassembly.

With key in shaft keyway, slide the loosely assembled unit onto shaft and position
for good belt alignment. Do not use lubricants or anti-seize compounds on
threads or tapered surfaces.

Carefully tighten the cap screws alternately and progressively until tapers are
seated (at approximately half the recommended torque).

);
Check alignment and sheave run-out (wobble) and correct as necessary.

NOTE: When properly mounted, there will be a gap between bushing flange and
sheave after screws are tightened.

CAUTION: Use of lubricants and/or excessive screw torque can cause breakage.

Tighten the set screw, when available, to hold key securely during operation.

Removal of Bushings

Loosen and remove all mounting cap screws.
Insert cap screw in all threaded jackscrew holes (J).
Start with the screw furthest from the bushing saw slot and tighten all jack screws
alternately and progressively. Keep turning the screws in small equal amounts until
the tapered surfaces disengage.

CAUTION: Excessive or unequal pressure on the jackscrews can break the bushing
flange, making removal nearly impossible without destroying the sheave.

Section 4: 1999
V-Belt Assembly
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POSITION UNE POSITION TWO

FIGURE 4-2

Note: Pacoima QD bushing #
Electric motor sprocket:
Evacuation motor sprocket:
Gearbox sprocket:

Section 4: 1999
V-Belt Assembly

Recommended
Wrench Torque Values

To Use in Tightening QD Bushings
FtJLba

Buahkq Slx~ Slz~ 8 TM~tl Nornrl,\pp~e~

JA Na 10.26 S

~~ .~ 'i.•20 9

SK ~/~r20 IS

SF X16 ~0
E '/r13 60

F ~/,r12 75

J Sirt1 196
Y y.•t0 2Y5

N ~/r9 300

P t~8 yip

~M I'h•7 600
S 1'/~~7 750

CAUTION: Ezcessbe cap-wew toque ran ~aiae sheave andla bushing 6reakeps.

CAUTION: The use d luhrran~s can rouse sheave Weakaye. Theralae, USE NO
LUBRICANTS in this instaYaSon.

E-Q~ 2.125in
E-~d 1.250in
F-0 40mm
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Installing Poly Chain Belts.

Note: During norKnal operation (Electric Motor) only the electric Poly Chain belt 14M-
1960-20 is installed. During evacuation use (hydraulic motor) only the evacuation Poly
Chain belt 14M-1750-20 is needed. During evacuation operation both belts may be on
the sprockets provided the electric motor has not seized. (Figure 4-1)

Loosen tension bolts. (figure 4-1)

Place the belt on the sprockets. Be careful not to use force, as this can .damage the belt
fibers. Only use the 14M-48S-20 belt on the electric motor and 14M-1750-20 on the
evacuation motor.

Before tightening, mark two fine lines across the back of the belt in the middle of the set.
(figure 4-4)

Tighten the belt in small increments by tightening the tension bolts. Rotate the
transmission (about 1 mm) after each tightening, until the length between the two lines
has increased by 1 mm for the electric motor belt and 0.8 mm for the evacuation motor
belt. (figure 4-5).

After 24 operating hours, check and retighten if necessary.

L

FIGURE 4-4

Section 4: 1999
V-Belt Assembly
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FIGURE 4-5

Electric motor belt D=1.Omm
Evacuation motor belt D=0.8mm



Aligning the Sprockets

An improper alignment of the sprockets results in the premature wearing of the belts.

Before the final tightening of the bolts that fix the motor, check the alignment of the
sheaves as indicated in figure 4-6.

Maintenance

Run lift for at least 30 minutes (no load) after changing a belt.

Recheck belt tension daily for first week and monthly thereafter.

Maintenance Schedule

Frequency Maintenance Activity

DAILY Inspect belts for abrasions, cracking and separation. Check
belt sprockets for damage, loose bolts, and foreign material
(grease, oil, etc.)

Check belt tension.

ANNUALLY Remove belts for inspection. Thoroughly inspect belt
sprockets for damage, heat cracks and distortion.

Section 4: 1999
V-Belt Assembly

Check bushing bolt torque on electric motor sprocket. Check
alignment of motor sprocket to gearbox sheave.
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EVACUATION POWER UNIT

General Description:

The auxiliary power unit for this lift is an internal combustion engine. The primary function
of this engine is to operate or to evacuate the lift in the event of a power failure. The
entire lift system will function without primary electrical power, while all safety systems
remain fully operational.

The power unit is connected to the Eaton hydraulic pump.

Parts:

INTERNAL COMBUSTION ENGINE
See accompanying manufacturer's manual.

Quick Reference (Write information from your equipment in the spaces below:)

Oil filter:

- Oil:
E ~f

Fuel:

Fuel filter:

Fuel line hose:

Air filter:

Spark plugs:

Belts:

Capacity:

Capacity:

Coolant: Capacity:

Standard adjustments:

Spare parts are available from POMA of AMERICA.

Section 5: 1999
Evacuation Power Unif
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Adjustment/Maintenance
of Evacuation Engine:

See manufacturer's manual in the Hydraulic Tension System section of this manual, for
specific engine and adjustments.

For authorized service and maintenance, contact POMA of AMERICA or a local
manufacturer's representative. .

Maintenance Schedule of Hydraulic Evacuation Drive

Frequency Maintenance Activity

DAILY *Fuel level
* Oil level
* Coolant level
* Battery level
" Hydraulic oil level

ONCE A WEEK Run the evacuation engine 10 minutes to ensure it will
operate properly. Do not engage the hydraulic motor to the
gearbox for this.

ONCE A MONTH
or as required Run the lift for 15 minutes powered by the evacuation drive.

Check the emergency stop safety circuits.

Note: An open emergency stop circuit will kill the engine,
set the service brake and the emergency brake.

Check the speed controls.

Check the rpm's.

All other inspections shall be performed in accordance with

the manufacturer's manual.

LUBRICATION See the manufacturer's manual.

Section 5: 1999
Evacuation Power Unit
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THE COMMAND 25 H
OHV V-TWINS

The Command 25. Finally there's an alternative to imported
OHVs and U.S. L-heads in the under 30 HP category.

Available in both vertical and horizontal shaft configuration,
Kohler's new high-performance Command 25 engines

offer OHV design, V-twin power, made-in America quality,
and a variety of exclusive features.

POWER-BORETM CYLINDERS
Placed with resilient nickel-silicon, an
exclusive in Kohler's doss of engines,
POWER-BORE rylinders give you:
•Increased power

`' ~ Virtually permanent rylinder lif e
•Superior oil control
•Reduced exhaust emissions
This plating is also used on high perfor-
mancerace can like Porscf~e, Ferrari,
lamborghini, Maserati and
"Formula 1' can.

~a~=:1

~~ -

~~ ~ - ~:

SMART-CHOKE"" CARBURETOR
All Command V-Twins featurESMART-CHOKE, aself-relieving choke carburetor.
SMART CHOKE adjusts the air-fuel ratio automafically for optimum starting and
prevents overchaking when a warm engine is restarted.

OVERHEAD VALVE DESIGN
OHV design maximizes fuel combustion to eruure even burning for greater fuel
efficienry. It also means virtually no carbon build up. The result... reduced
maintenance costs.

HYDRAULIC VALVE LIFTERS
Kohler hydraulic valve lifters reduce valve train noise and eliminate valve
adjustment. This makes Command's valve train nearly maintenance free.

ELERRONIC SMART-SPARK'" IGNITION
SMART-SPARK ignition retards the
spark for optimum starting and
slow-speed running, while advanc-
'igthe fimingfor peak efficienry
~d power during high-speed

.perafion. this mean faster
all-weather stark, improved power
and lower em'ssior~.

••~

TEN EXCLUSIVE REASONS TO CH~sO~~OSE KOHLER
-._ ' ~yi F .'`.

1. Nickel silicon POWER-BORE rylinders fa power and durgbd'ify ~~~
~~'~,.2 Electronic SMART-SPARK ignfion for broad RPM response -~ t_ -~_ ~

3. SMART-CHOKE carbureforfor tonsatertt aB-uieather starting
4. Hydraulic vabe rften for quiet~mamtenaxe-free operatwn ,~, .tip ;~K
5. Spedally-designed o1 cooler for heavy~uiy pow r demands .
6.Overhead valve design for greener fad eFf'idenry na d lower em~sions. -'-'

.7. Compnd sae. An ideal companion to fommand 18 20-22 models m
~_ ,, virtually the same envelope space.. ~,~ry. ,~ ~ ~_;
8. Worldwide service network with 10,000 slu~ed.~ealeis and distn~uton

_, offering genuine Kohler.replacementpargy,
~, wr' k ~. ::.

,9. Broad Kohler ~produd Gne (6HPinnd up, single and twin-cylinder) tom ;
complement your power needs ; -,r. . .

.~ 10.Only American-mode~OHV engine m ~ doss. ~ '`



MODEL SPECIFICATIONS
ENGINE TYPE: 4-fycle, Twin fylinder, Overhead Vabe, Air-fooled, Gasoline,

Horaontal and Vertical Shak, Aluminum Ganktase with
POWER-BORE Cylinders.

MODEL: CH25/CV25

POWER (~ 3600 RPM) hp (kW) 25 (18.4)'

DISPIACEMEHT tu. in. (tc1 44 (125)

BORE in. (mm) 3.27 (83)

STROKE in. (mm) 2.64 (61)

MAX TORQUE Ibs. N. (N•m) 39.5 (54) ~ 2400 RPM

COMPRESSION RATIO 4:1

DRY WEIGHT Ibs. (kg) 94 (43)

OIL (APA(ITY (w/filter) U.S. qts. (1) 2.1 (2)

'Horsepower ratings (shovm as gross) ore in accordance with Sodety of Automofive Engineers -Small Engine Test Code 11349.
Kohler Co. reserves the right to change product specifications, designs, and standard equipment without notice and without incurring o6Ggafion.

STANDARD FEATURES
•Overhead valve design •Hydraulic valve lifters
•POWER-BORE rylinders •12V solenoid-shift starter
•Oil cooler • 15A charging system
•Electronic SMART-SPARK ignition •Dual oil drains
•Easy access oil fill •Spin-on oil filter
•Dual element air cleaner -~
•Fixed jet SMART-CHOKE carburetor

POPULAR FACTORY OPTIONS"
•Mufflers •Muffler exhaust deflector
•Close regulation governor •Muffler spark arrestor
•High altitude kit •25A charging system
•Choice of crankshafts •Flywheel-mounted PTOs
•Remote oil filter •PTO thrust bearing (b001bs)
•In-line fuel filter •SAE A/B pump mounh w/spline
•Engine-mounted controls crankshafts
w/ignition key svritch

•Oil Sentry`"' system

'• Aondard on some d~tnbutor basic engines, optional on DEM engines Ymies between rertiml and hauonlal slwh engines.

3.



25 HP
HORIZONTAL SHAFT v-TWIN

When you choose Kohler's fommand 25 hp
horizontal shaft V-Twin, you're choosing the industry's

environmental leader in engine power.

SPECIALLY DESIGNED OIL COOLER
Kohler's speaolly-designed oil cooler
helps maintain the lowest possible oil
temperature during the entire power
range, regardless of application or
duty rycle. It also proieds the
environment by extending oil
change intervals.

ENVIRONMENTAL LEADERSHIP
Command's CO and HC + NOx exhaust emissions ore lower than California's
standards and well below the emissions of the competition. Command is
also the "quiet" winner in noise emissions. (Competitive product purchased
•~ndomly from manufacturer's source of supply. Based on a 1992 test.)
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HORIZONTAL SHAFT
DIMENSIONS

(Bose engine illu~rated)
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MODEL• (H25 (SPEC SERIES 685XX)
SPEf VARIATION: 00/01/07 03 04 06
PTO TYPE ARAIGHi ARAIGHT TAPER SPLINE
PTO DIAJ4IETER 36.5 (1.438) 28.6 (1.125) 38.1 (1.50) 38.1(1.50)
PTO LGTH RO FACE): 113.2 (4.453) 101.5 (4.00) 100.0 (3.94) 11.5 (0.452)
PTO TAPER: N/A N/A (1.25VFOOT N/A
PTO TOOTH/ADAPTQR N/A N/A N/A 13/il'PE'B'
PTO DRIU 8 TAP: 5/8-18 UNF-2B 1/16-20 UNF-1B i/16-24 UNF-26 N/A
TAP DEPTH: 38.1(1.50) 38.1(1.50) 15.9 (0.625) N/A
PTO KEYWAY WIDTH: 9.53 (0.315) 6.3510.25) N/A N/A
BOLT URfLE DUL•_ (5.625.1)5) (5.615,1.75) (5.625,1.75) (5.625,1.75)
PILOT DIA.: (1.00) (1.00) (6.437) N/A
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25 HP
VERTICAL SHAFT V-TWIN

Kohler's Command 25 hp vertical shaft engine is designed
to last even under extreme conditions, specifically in
lawn tractor and commercial mowing applications.

With full-p ressure lubrication, POWER-BORE cylinders,
and Kohler's proven overhead valve design, your
Command verficalshah V-Twin will deliver the
horsepower you need throughout its long life.

HIGH-EFFICIENCY QIR FILTER
'' S1er vertical shaft V-Twins are available with standard or commercial mower

cleaner designs. Both feature dual element fihering to trap dust and dirt as
..pie as 2 microns._ thaYs ~/30th the diomeler of a human hair.

•Standard design (shown leh) allows
engine to fit tompadly into nearly any
application.

• [ommerdal mower design (shown
'~°~ above, right) features a larger capacity,

425 square inch filter area. The extra
capacity a ideal for mowing operations
and the ̀ out-front"position makes
regular maintenance quick and easy.

SPECIALLY DESIGNED OIL GOOIER
Kohlers specially-designed oil cooler
helps maintain the lowest passible oil
temperatures Buring the entire power
range, regardless of application or
duly ryde. B requires less maintenance
by extending oil change intervals.
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VERTICAL SHAFT
DIMENSIONS
~((ommerd~ mowing engine ~lustraied)
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PILOT DIA.: N/A

NOTE [nntad Kohler representative fa spedal aankslafls a mamt6g (ores nol shorn here.





l_
31
71

~

~
Y
S
~
 

~ 
17

1

6

i/
l1

TM
 O
P
T
I
O
N
/~

L
W
 S
H
O
W
N

U
i
C
H
E
S
 A
R
E

~
C
K
I
N
G
 1
W
 D

)
C
K
P
B
~
E

O
O
R
S
~

a
s
 iM

.e
r 
ou

~
 S
ID

E 
D
O
O
R
S 5

(2
55
1

D
O
O
R
 S
W
I
N
G

s 
co

on
s

~.
 

°
~
.

. 
~ o
 ~

m

.
 A
.

On
~a
n

e
°
~
 
~
 

~
a
'
~

i g
o
 

m
m

O
 

1

65
5

I 
B
.
B
~

~~
~8

 
65

5
(u

.i
 

1 
1 z

s.
B 

~

z
~
a

!
~
I

u
.
~
p
~
u
O

~
 
~
 

.
w
u
a
~
g
l
i
f
l
)
U
f
N

~
a
 

s
n
 

11
-1
69
6

M
E
T
R
I
C
 D
W
 
~
~
`
~
°
 ~
0
1
0
~

'
T
 

3

15 ~ 
~~

N
O
f
E
3

O
D

°n
 

~ 
s
~
~
m

S
O
D
 •

• 
- 

O
T
'
~
^
~
^
S
'
.
~
.
1

~
~
 

~
~
~
~
~

~
~
~
 

~
~
~
~
~

~
~
~
 

~
~
~
~
~

~
~
~
 

~
~
~
~
~

Np
TE
:

1.
 D
IM

EN
SI

ON
S 
$
H
p
W
N
 I
N 

~ 
~ M
E
 IN

CF
IE
S.

2
 H
O
U
S
I
N
G
 M
I
D
 M
U
F
F
L
E
R
 W
EI

GH
T:

 1~
1 
hp

 ~
3t

01
R ~

3.
 N
EI
OH
T 
I
N
C
R
E
A
S
E
 O
F
 I 
/.

B 
IO

.B
I W
H
E
N
 O
P
T
I
O
N
A
L
 S
w
D

S
O
U
N
D
 B
M
R
I
E
R
 I
S 
11

5E
D.

T
A
B
U
U
T
I
O
N

M
O
D
E
L

D
I
M
'
 '

DI
M'
B'

~I
M'

C'

D
G
B
6
,
B
G

16
ZS

 I8
~.
0

67
S~

N.
6~

11
81

 ~
SB
.3
~

D
D
 

C
B

16
07
 8
3.
7

6J
D 
]2
.~

IS
t~
 S
B.

D
G
C
C

16
3E

 6
1.
5

67
D 

J2
.7

15
17

 5
9.

G
G
F
B
f
C

IO
J4
 X
10

]
BB
B 

30
1

t5
o5
 X5

9.
7

•
~
~
~
~
~
~
~

~
~
~
 
~
~
•

.
 ~
•
 

~
~

~
,
~
 '
 ~ ~

~
~
~
•
 
~
~
•

~0
1B

1
~
1

1
W
9

~
n
3
 1

or
rm

r+
k 
a
a
o
 s+

B
M
R
I
E
R
 S
H
O
W
N

`-
 
~'̂
S
C
E
 

J
U
C
C
\
R
!
1

f
\

~
~
~
O
d
u
.
l
A
~
s
M
 i
5
n
7

a
m
i
r
~
 H
ou
sw
~ 
_
.

0
5
0
0
 3
17

1

1



b
 —

~0
 3
17
6 

0

R
O
O
F
 L
IM

E (
F1
72
 

d
 1
73
)

18
15

~7
4.

fi
~ 

~
(
F
I
i
2
 
8
 F
tf
31

D
I
M
 A

_
L

~ 
to
t5
 

~

W
~

F
O
R
 E
N
C
L
O
S
U
R
E
 D
E
T
N
l
5
5
E
E
 E
N
C
l
O
S
U
N
E

OU
TL
IN
E 
O
M
W
I
N
G
S
.

a
~
A
,
n
O

.
a
 
~
 

+
~
e
_
~
F
i
A
9
1
A
V
+
+

w
a
 

e
m
 

~~
-1
D9
8 

~
 

~
 

`
 
~
 
~
~

u
~
r
e
.
w
c
 w
~
w
~
+
 

U
O
 w
O
~
 

~
 

C
8
1
W
M
I
$
 

I
I
S
P
%
 
~
 

M
n
~
~
O
~
.
 K
r
~
t
Y
 S
6
N

l
C
Y
I

u
a
a
~
~
n
 w
w
s
n
u
~
~
 

~ 
_ 

m
 
_
_
 
~
 

S
.
M
I
f
 

I
I
A
W
 

w
~.
 
,
 
'
 
=
 
.
~
~
.
~
.
.
~
 

n
a
~
u
e
w
u
«
 

ii
ao

se
 

o
u
n
u
E
+
v
E
L
 T
u~
lc

~
p
m
.
.
.
~
w
c
r
4
 

e
,
.
 
r
 

r
.
.
.
~
.
 .
.
~
.
e
~
 
°
 

~
"
 
~
 .
_
 

D(
,F
~i
 A
f:
_C
Af
71
 

05
00
_3
17
5



~o~ o~

~6 Z~~FW ~ CF VO~F§ ~ 
y

=SS ~~oao ° w< 
iooY o o

gqoy s~~a s~ o~ ~~4g ~ o ~w

~xg~ oLL €~g~ ~3° o~ ~g~o~ ~0 8 ?z z
H~ ~ ~O~~WD g~ ~S s~~`~ ~~ 9 °s'~~g ~~~LLSw ~~ ~ m~~~~ ~O g ~~ g
~~~o J~~~S<° o~ ~~ 

~~ iW ~e¢ N

g~g~ ~~~~:W~ w~ _~ ~~~~~ ~~ W W~ 4
~~~m ~Wa~LLm LLW ~~ ~~g~- z~ ~ 3~ ~
~~U6 U~~ =O E

W QOO 
~w~?~nm 

v~ n~ N~~ a n~ N 
D

p _ N ~
2

o
O

g~~

0

<~ I
off¢ ~

i<z
'z o c°~ I r

~ O

N

O

~~~ II~_N°g ~~ i m~ - ~~~< - - Zw ¢
NJ U~ ~ F¢ G6

t ~ ~ ~
my W ~ ~ — ~ r $ ̂ J ~ W ~

Z ~ _ ~ w FJ~ ~ LL~ r

Q ~ n
O m..



Section 6

GENSET



GENSET

General Description:

The genset power unit for this lift is an internal combustion engine.. The primary function
of this engine is to supply electrical power to operate the lift in the event of a power
failure. The entire lift system will function without primary electrical power, while all safety
systems remain fully operational.

Parts:

INTERNAL COMBUSTION ENGINE
See accompanying manufacturer's manual.

Quick Reference (Write information from your equipment in the spaces below:)

Oil filter:

Oil: Capacity:

Fuel:

Fuel filter:

Fuel line hose:

Air filter:

Belts:

Coolant:

Standard adjustments:

Spare parts are available from POMA of AMERICA.

Section 6: 1999
Genset Unrt

Capacity:

Capacity:



Adjustment/Maintenance
of Genset Engine:

See manufacturer's manual for specific engine and adjustments.

For authorized service and maintenance, contact POMA of AMERICA or a local
manufacturer's representative.

Maintenance Schedule of Hydraulic Evacuation Drive

Frequency Maintenance Activity

DAILY *Fuel level
* Oil level
* Coolant level
* Battery level

ONCE A WEEK Run the evacuation engine 10 minutes to ensure it will

_i operate properly.

ONCE A MONTH
or as required Run the lift for 15 minutes powered by the genset drive.

Check for proper power supply to lift.

All other inspections shall be performed in accordance with

the manufacturer's manual.

LUBRICATION See the manufacturer's manual.

Section 6: 1999
Genset Unit
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Industrial Business Group
Worldwide Warrant

v

Commercial/Industrial
. ' Generator Sets and Systems

Limited Warranty



Base Coverage

Coverage Period _
This is a limited warranty which applies to all OnanOand coverage period begins on the date the unit is first used
Cummins ~ brand Industrial generator sets and associated for such rental or demonstration purposes. This
switches, switchgear, and accessories (hereafter referred to warranty is extended to all subsequent owners of the
as "Products".) Products will be free from defects in material unit during the coverage period.
and workmanship for a period of one year from the date of Repair or replacement parts are warranted for ninety (90)
initial start—up of the Product. In the case of units used for days from date of purchase, excluding labor and travel
rental or demonstration purposes, the one year ~ expenses. ,~

Onan's Responsibilities
Onan's liability and owner's sole remedy are limited to the
repair or replacement, at Onan's option, of the Product or
parts that do not conform to this warranty.

In accordance with Onan's Warranty Administration policies,
Onan will pay for the parts and labor required to repair the
unit and, when necessary, reasonable labor expenses
associated with the removal and reinstallation of the Product
if such work is done by an authorized Cummins/Onan
Distributor or designated service representative.

Owner's .Responsibilities
The owner is obligated to install, operate and maintain the
Product in accordance with the recommendations published
by Onan, including, without limitation, operating within power
rating designation set out in Power Rating section, below.

.._ ,.. The owner is responsible for the costs associated with such
maintenance and any adjustments which may be required.

Prior to expiration of the applicable warranty and within 30
days after discovery of the warrantable failure, the owner
must notify an authorized Cummins/Onan Distributor or
designated repair facility of any warrantable failure and have
the repair or replacement made by such facility.

Installation inspection and initial start—up of
Commercial—Industrial genset or power systems must be
conducted by an authorized Cummins/Onan distributor, or
designated representative.

Power Ratings
Onan generator sets must be applied within the following
rating designations:

Standby Power Rating
The standby power rating is applicable for supplying
emergency power for the duration of normal power
interruption.

No sustained overload capability is available for this rating.
This rating is applicable to installations served by a reliable
normal utility source. This rating is only applicable to
variable loads with an average load factor of 80% of the
standby rating for a maximum of 200 hours of operation per
year. In installations served by unreliable utility sources
(where outages last longer or occur more frequently), where
operation is likely to exceed 200 hours per year, the prime
power rating should be applied. The standby rating is only
applicable for emergency and standby applications where
the generator set serves as the back-up to the normal utility
source. No sustained utility parallel operation is permitted
with this rating. For.applications requiring sustained utility
parallel operation, the prime power.or base load rating must
be utilized.

In accordance with Onan's Warranty Administration
policies, Onan will pay limited travel expenses' when ,4
necessary to make on—site repairs. See your Distributor "'
for details.

The cost of maintenance items such as oil, filter elements,
belts, and hoses will be paid for by Onan when such items
are not reusable because of the warrantable failure.

'EXCLUDES mobile applications.
'Travel for TGHAA series including transfer switch is
limited to 2-1/2 hours travel time and 100 miles round
trip.

The owner is responsible for payment of any of~the
following expenses that might be incurred as a result of a
failure under the terms of this warranty:

1. Rental equipment used to replace the equipment
being repaired, other downtime expenses, and all
business costs and losses.

2. Telephone, communication, living and travel expenses
incurred by the owner.

3. The premium costs for.overtime labor requested by
the owner.

4. The cost of air freight or other extraordinary expenses
for shipment of parts over and above premium surface
transportation.

5. Any other consequential or incidental amounts.

Prime Power Rating

The prime power rating is applicable for supplying
electric power in lieu of commercially purchased
power as set out below.

The number of allowable operating hours per year is
unlimited for variable load applications but is limited for
constant load applications as described below:

Unlimited Running Time Power

Prime power is available for an unlimited number of
annual operating hours in variable load applications.
Applications requiring any utility parallel operation at
constant load are subject to running time limitations. In
variable load applications, the average load factor
should not exceed 70% of the prime power rating. A
10% overload capability is available for a period of one
hour within a twelve hour period of operation, but not to
exceed 25 hours per year. The operating time at or
above the Prime Power Rating must not exceed 500
hours per year.



Limited Running Time Prime Power

Prime power is available for a limited number of annual
operating hours in constant load applications such as

,,.--. interruptible, load curtailment, peak shaving and other
applications that normally involve utility parallel
operation. Generator sets may operate in parallel with
the utility source up to 750 hours per year at power levels
not to exceed the Prime Power Rating. Any application
requiring more than 750 hours of operation per year at
the Prime Power Rating should use the Base Load
Power Rating.

Limitations
Onan is not responsible for the repair or replacement of
units required because of normal wear, accident, misuse,
abuse, improper installation, lack of maintenance,
unauthorized modifications, improper storage, negligence,
improper or contaminated fuel, or use of parts that do not
meet Onan specifications

NORMAL WEAR:

This warranty will not cover repair where normal use has
exhausted the life of a part or product. All mechanical
devices need periodic parts replacement and service to
perform well.

tt should be remembered that the service life of any
product is dependent on the care it receives and the
conditions under which it has to operate. Coolant heaters
will be covered for a period of one year from date of
start—up. This warranty shall not apply to starting batteries.

Features

Base Load Power Rating
The base load power rating is applicable for supplying
power continuously to a load up to 100% of the base
rating for unlimited hours.

No sustained overload capability is available at this rating.
This rating is applicable for utility base load operation. In
these applications, generator sets are operated in parallel
with a utility source and run under constant loads for
extended periods of time.

Note: In determining average load factor, loads of less
than 30% are considered as 30% and time at standstill is
not counted.

THERE IS NO OTHER EXPRESS WARRAN~d', AND NO
PERSON IS AUTHORIZED TO GIVE Af~Y OTHER
WARRANTIES OR TO ASSUME ANY OTHER
LIABILITIES ON ONAN'S BEHALF UNLESS MADE OR
ASSUMED IN WRITING BY AN OFFICER OF ONAN.

IMPLIED WARRANTIES INCLUDING
MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE ARE LIMITED TO THE
PERIODS OF COVERAGE SET FORTH ABOVE, AND
TO THE EXTENT PERMITTED BY LAW, ANY AND ALL
IMPLIED WARRANTIES ARE EXCLUDED. IN NO
EVENT IS ONAN LIABLE FOR INCIDENTAL OR
CQNSEQUENTIAL DAMAGES.

This warranty gives the owner specific legal rights. The
owner may also have other rights which vary depending on
local laws. In some areas, local laws do not allow
limitations on how long an implied warranty lasts or do not
allow the exclusion of incidental or consequential damages,
so the above limitations may not apply to you.

Extended Coverage

Several levels of Extended Coverage are available on
Industrial Products."Comprehensive, Basic, Major
Components, Prime Power and Utility Load Management.
Major components, Prime Power and Utility Load
Management.

Coverage Period
Emergency Standby Applications: Both Comprehensive
and Basic Extended Coverage are available for
gensets/systems used exclusively for emergency standby
applications, for 5 years or 1500 hours, whichever occurs
first, from date of initial start—up. Comprehensive coverage
is also available for 2 years or 1500 hours, whichever
occurs first from initial system start—up. Major Component
Extended Coverage is also available for diesel
gensets/systems rated at 200 kW/60 Hz and above, for 10
years or 3000 hours, whichever occurs first, from. date of
initial start—up. See your Distributor for details.

Extended Coverage programs are available only in the
United States and Canada. Onan provides total system
component coverage. There are NO deductibles applied to
these programs.

'"EXCLUDES TGHAA series including transfer switch

Prime Power Applications: Extended Coverage is
available for diesel gensets used in prime power
applications, for 2 years or 6000 hours, whichever occurs
first, from date of initial start—up. See your Distributor for
details.

Utility Load Management Applications: Both
Comprehensive and Basic Extended Coverage are
available for diesel gensets/systems rated at 200 kW/
60 Hz and above used exclusively in Utility Load
Management Applications, for 5 years or 4000 hours,
whichever occurs first, from the date of initial system
start—up. Comprehensive coverage is also available for 2
years or 1500 hours, whichever occurs first from initial
system start—up. See your Distributor for details.



Onan's Responsibilities
Comprehensive Extended Coverage incorporates the

';identical features contained in the Base Warranty, subject to

`the above coverage period limitations.

Basic Extended Coverage provides only replacement parts
as specified under the Base Warranty. Labor to
remove/replace the failed warrantable part is covered as
specified in the Base Warranty for 2 years from date of
initial start—up.

Major Components Extended Coverage incorporates the
identical features contained in Basic Extended Coverage up

Owner's Responsibilities
Under Comprehensive Extended Coverage owner
responsibilities are identical to those noted under the Base

Warranty.

Under Basic Extended Coverage the owner is responsible
for all expenses beyond the Base Warranty period except
the cost of the failed warrantable part and the labor to
remove/replace such failed part through the second year,
as specified in the Base Warranty.

Under Major Components Extended Coverage the owner
responsibilities are identical to those listed under Basic

Extended Coverage up to year 5 or 1500 hours, whichever

occurs first. In years 6 through 10 or hours exceeding
1500, up to 3000, the owner is responsible for all expenses

~'~~ Limitations
Extended Coverage options for Standby Applications apply
only to Cummins/Onan brand gensets and systems used
exclusively in emergency standby power applications. 10
year Extended Coverage applies only to Cummins/Onan
brand diesel gensets rated 200 kW/60 Hz and above.

Extended Coverage options for Utility Load Management
Applications apply only to Cummins/Onan brand diesel

gensets and systems rated at 200 kW/60 Hz and above
used exclusively in Utility Load Management Applications.

2 year Prime Power Extended Coverage applies only to
Cummins/Onan brand diesel gensets and packages,
including set mounted controls.

Onan Corporation
1400 73rd Avenue N. E.
Minneapolis, MN 55432
612-574-5000
Telex: 275477
Fax: 612-5748087

to year 5 or 1500 hours. In years 6 through 10, or hours
beyond 1500 up to 3000, Major Components Extended
Coverage provides only replacement parts for the following
major components: Engine — cylinder block, camshaft,
crankshaft, connecting rods, and flywheel; Alternator —
main rotor, main stator, and drive disk; Transfer Switch —
actuator motor and main contacts; and Swi#chgear —
buswork and main circuit breaker.

Prime Power Extended Coverage provides replacement
parts and labor to remove/replace the failed warrantable
part as specified in the Base Warranty.

except the cost of the failed warrantable major compc3r+ent
as specified under Onan's Responsibilities.

Under Prime Power Extended Coverage the owner is
responsible for all expenses beyond the Base Warranty
period except the cost of the failed warrantable part and
the labor to remove/replace such failed part as specified in
the Base Warranty.

For all Extended Coverage programs, the owner is
responsible for providing written documentation showing
that the product has been maintained in accordance with
Onan's published recommendations.

Gensets/systems must be registered within the Base
Warranty period. See your Cummins/Onan distributor
for details.

7 0 year Major Components, 2 year Prime Power and all
Utility Load Management Extended Coverage programs
are available only in the United States and Canada.

ALL LIMITATIONS OF BASE WARRANTY ALSO APPLY
TO EXTENDED COVERAGE.

~ 1997 Onan Corporation Printed in USA Bulletin A62001-E 3/97
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Gear Reducer

Putting into Service:

Before the initial operation of the gearbox, and after it has been filled with oil, the oil circuit
must be purged. To do this:

Operate the reduction gear with no load for about 10 minutes

Loosen oil line to input bearing and verify oil flow.

Tighten fitting.

Check and adjust oil flow indicator.

Lubricating the Gearbox:

The gears and bearings are splash lubricated or lubricated by an attached pump. These
gearboxes have no grease fittings.

Recommended Oil

* Quality: Use an extreme pressure oil for hypoid gears. If a synthetic oil is desired use
Mobil SHC 7590, meeting A.P.I. GL5.

* Viscosity: ISO scale: 68 to 100 Cst at 40° C
SAE transmissions scale: 80 W

" Leading brands:
SHELL Spirax HD 80 W GULF EP Lubricant HD 100
ARAL Getriebeol Hyp. 80 KLUBER Syntheso D 200 EP
ASBOL Topress VG 100 MOBIL Mobil HD 80 W 90
BP Hypogear EP 80 SUNOCO MP-GL 580 VG 68
ELF Tranself B 80 W TEXACO Multigear EP 80
ESSO Gear Oil GX 80 W TOTAL Transmission TM 80/90

* Quantity of oil: Oil quantities may vary depending on the type or input box and
cooling .system supplied. Check nameplate for approximate quantity
in liters for each reducer.

Section 7: 1999
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Checking the Oil Level

Check oil at the sight gauge visible through the hole in the gearbox plate. Oil level should
be near the middle of the glass

Drainin4

The gearbox must be drained at the end of the first season and then after 5000 hours of
operation, or every 5 years, whichever occurs first.

To drain:

With the oil still at its operating temperature; open the drain cock a quarter of a turn,
and take remove cap to let air in.

Pour in a little fresh oil to clear away any residues; drain off.

Close the drain cock.

Fillin4

This is required before the initial start-up and -then for each oil change.

To fill:

Fill gearbox through filler hole with appropriate quantity of oil.

Check the oil level at the sight gauge.

Run lift for 5 minutes and check oil level again.

Oil Pump

After any extended shut down period (one week or more) oil flow must be verified during
start-up.

Disassembling/ Reassembling

All internal gearbox work should be performed by a qualified technician,

All gear set work may be performed without detensioning the drive bullwheel. However, it
is necessary to de~ension the drive bullwheel if the output shaft bearings need changing.
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Maintenance of the Gearbox

Frequency Maintenance Activity

DAILY Check for leaks and housing discoloration.

MONTHLY Check the oil level. Verify oil pump pressure visually by
inspecting pressure guage.

END OF 1ST SEASON Change the oil.

START OF SEASON Verify oil flow from lubrication pump.

5 YEARS OR
5000 OPERATING Drain and change oil
HOURS.

Section 7: 1999
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Drive Bullwheel

The bullwheel is lined with a rubber lining which assures good adherence between the
haul rope and the bullwheeL

Aligning the Haul Rope in the Bullwheel

With the use of the guide sheaves, raise or lower the haul rope entering and exiting the
bullwheel until the plane of the haul rope matches the plane of the bullwheel.

Checking the Adjustment

When the bullwheel is properly aligned, the haul rope should ride in the groove correctly
and enter and exit the bullwheel without twisting.

Maintenance of the Bullwheel

Frequency Maintenance Activity

MONTHLY & Verify the correct alignment of the cable in the bullwheel
AT BEGINNING &
END OF SEASON

MONTHLY Check general condition of the bullwheel lining. Replace if
more than 11/a" (30mm) is worn from original surface, less
than 3/4" (20mm) thickness remaining. See Line Equipment
and Towers Section in this manual for liner removal
procedure.

Section 7: 7999
Reducers ~3 Drive BW

4





Section 8

BULLWHEEL BRAKE



Bullwheel Brakes
4 ton

General Description

The lift is equipped with two bullwheel brakes. These brakes are mounted on the side of
the drive bullwheel and apply braking force to the flange of the bullwheel.

These brakes are hydraulically released and. held in the ready position by a solenoid
valve. The bullwheel brakes are spring-applied when the hydraulic pressure is released
due to an normal stop; emergency stop, rollback, over-speed, or an opening of the
manual valves.

Mounting

Mount in accordance with Drawing 3038.869:

Adjustment of Brakes (Drawing 3038.869)

1. Pump brake hydraulic system up to braking pressure listed in Section 1, Lift Dafa, of
this manual.

2. Tighten bolt (K) until the shoes just touch the braking flange (both shoes must be
touching the braking track).

3. Tighten lock nut (M).

4. Pump hydraulic system up to opening pressure listed in Section 1 of this manual.

5. Loosen the 8mm bolts (R) on the switch bracket and adjust switch (N) to be
completely depressed when open and not touching when the brake is applied. See
the electrical schematics for wiring diagram.

6. Inspect brake to insure nothing is impeding the travel of the full brake assembly.
When brake is applied both shoes need to make full contact with the brake flange.

s~no~ e: ~sss
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Maintenance of Bullwhee/ Brakes

Frequency Maintenance

DAILY Observe operation of brakes; check for missing pads, broken springs or
other damage, leaks in hoses or fittings, foreign material including ice on
bullwheel braking track, or missing parts.

Check oil level.

MONTHLY Check oil level in reservoir.

Pump brakes up to braking pressure (listed in Sect. 1 of this manual). Both
shoes must be touching brake track. If they are not, adjust brakes to
compensate for shoe wear.

Check brake pad thickness. If worn to less than 3/16" thickness,
replacement is necessary. NOTE: Replacement shoes and pads must be
supplied by Poma of America, Inc. IN ORDER TO MAINTAIN BRAKE
INTEGRITY, NO SUBSTITUTIONS OF SHOES OR PADS ARE
ALLOWED.

Check adjustment of brake shoe contact switches.

t` Pull test brakes to at least minimum test value listed in Section 1.
Adjust if necessary.

ANNUALLY Relubricate Schnorr washer friction surfaces and main shafts with anti-
seize.

Check condition of hanger bolts, springs and brake assembly for loose,
broken or missing parts.

Check hydraulic system for proper oil level, leaks, dirt.

Check hoses and fittings for leaks, abrasions or damage.

Check adjustment of contact switches.

Check for worn brake shoes.

Check for proper operation, including braking pressure and opening
pressure.

Check Maintenance Section of Ethywag hydraulic system for additional
tests and checks.

EVERY 5 Replace Schnorr washers and perform annual maintenance as specified
YEARS above.
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BRAKE CONTROL SYSTEMS

Applying the Brake

The brakes can be triggered while running under normal conditions, as well as with the
standby motor, in the following ways using the systems described below.

As soon as the solenoid valve supply is opened by one of the brake control devices, the
hydraulic circuit is returned to the tank, which relieves the elastic washers and applies the
brake shoes.

Normal Stop

This can be controlled from the end terminals and cabin by a push button.

The action of these systems starts a regenerative state. of the electric motor and applies
the brake when zero speed is achieved.

While operating the lift using the evacuation motor, all stops are emergency stops.

Emergency Stop

This can be controlled from the end terminals by a manual reset push button. Once
triggered, this type of knob has to be reset manually to be able to release the brakes and
to start up the lift again..

The action of these systems cuts the power supply to the unit's solenoid valve. This will
set the emergency brake immediately and the service brake at zero speed, and cuts the
power supply to the electric motor or kills the auxiliary motor.

Overspeed or Anti-rollback Stop

Operation and Adjustments

A cable tach generator, driven by a round-belt engaged on a sheave of the main cable,
supplies a speed setpoint meter located on the control panel with a control voltage.

The setpoint meter has two adjustable indexes:

- one is set at the overspeed value, i.e. normal speed + 10%,

- the other is set at approx. -0.3 m/sec. to detect any
backward movement of the lift.

Section 8: 1999
Bullwhee~ brakes



As the speed of the lift increases, the tach generator speed also increases and the speed
reference moves towards the overspeed setpoint. If the speed reaches the setpoint,
value the device triggers the brake and stops the lift.

If the lift starts moving backwards relative to the direction of desired travel, the polarity at
the tach generator terminals is reversed, and the device reaches the anti-rollback
setpoint. When this happens, the device also triggers the brake and stops the lift.

Testing

To test that the system functions correctly, start up the lift and move the overspeed
setpoint of the device (using the adjusting knob) below the actual speed of the lift. The
brakes should be triggered immediately.

Stopping due to Service Brake Failure

If the service brake fails to apply or fails to stop the lift within the preset amount of time for
any reason, the emergency brake will apply automatically.

Section 8: 1999
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BULLWHEEL BRAKE HYDRAULIC UNITS

General Description (Drawing 3038.877)

The brake hydraulic unit includes a system to operate each bullwheel brake

When the E-brake pump button is depressed, the 24 volt electric motor starts driving a
pump which sends pressurized oil into the circuit. Solenoid valve (7) is supplied with 24 V
DC to close the brake circuit and allow the brakes to be released as long as safeties
remain OK. Either the hand pump or the electric pump may be used to charge the
system to the bullwheel brake operating pressure as set on relief valve (4).

When the lift starts valve (7) closes to send pressurized oil to open the service brake, and
hold it open.

During a normal stop, the electrical motor will go into a regenerative state to stop the lift.
After zero speed is detected valve (7) will open and set the brake. If apre-determined
deceleration is not detected during motor regen, then the brake will set.

During an E-stop the emergency brake will be set by de-energizing the solenoid (7) which
allows oil to return to the tank via flow valve (8), this allows the rate of application of the
emergency brake to be adjusted.

In a rollback situation, solenoid (7) will de-energized instantly on both brake units,
applying the brakes as soon as possible before the lift has a chance to accelerate.

Lockout valves (10) allow either the emergency brake or service brake to be locked open
to perform brake tests or maintenance. Switch (9) monitors the proper position of these
valves and will prevent the lift from starting or running if they are not in the proper
position. The manual dump valve (14) allow the emergency and/or service brake to be
released manually.

Section 8: 1999
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Maintenance of the Service and Bullwheel Brake Hydraulic Unit and
Bullwheel Brakes

Frequency Maintenance Activity
DAILY Check the oil level in the unit and check for leaks.

Check the reading on the unit's pressure gauge for both the
service brake and emergency brake.

Visually check for broken or missing springs.

Visually check condition of brake shoes.

Check for proper operation of the brakes.

Check condition of the braking tracks on the bullwheel.

MONTHLY Carry out a brake pull test. See section.l of this manual.

ANNUALLY Check the condition of the cable tach generator V-belt.

Check for leaks

Check the condition of the braking tracks on the bullwheel.

Check the oil level and condition.

Inspect hoses for deterioration.

EVERY Change oil in reservoir.
1200 HOURS
OR Thoroughly clean reservoir.
2 YEARS

Section 8: 1999
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PUTTING HYDRAULIC UNIT INTO SERVICE

Initial Start-up

Before the first start-up of the lift, and after each oil change, service or repair; carry out
the following procedure, in the order given below.

- Insure the bullwheel braking track is clean of all paint, protectants, oil and foreign
materials.

Check that all connectors and hoses are tight. .

Fill the tank with oil until the maximum level is indicated in the sight gauge.

- Close the dump valve (14).

- Loosen hose #fittings at rams and pump up by hand to purge air.

- Obtain green safeties ok light.

- Check that the solenoid valve (7) is closed.
':~ (Center pin in top of valve must be down.)

Pressurize the circuit

- Remove cap and loosen jam nut on relief valve (4) and turn adjusting screw
counterclockwise 2 full turns.

- For unit with motor-driven pump: Run the electric motor (1) by pressing the
"e-brake pump" button in the electrical cabinet.

- Adjust the relief valve (4) until the pressure gauge (11) shows the required opening
pressure, corresponding to the adjustment listed in Section 1, Lift Data.

- To adjust the brakes, see applicable brake section.

- Adjust the speed of release of the brake cylinders.

- Set the brakes by pressing the emergency stop button.

- Screw in flow control valve screw (8) to slow activation.

- Unscrew (8) to speed up activation.

Section 8: 1999
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- Check correct operation of brake shoe contact switch by slowly opening valve
(14). _

- Check once again that the opening and setting of the brakes function correctly.

Standby Start-up

When it is impossible to use the unit's electric motor, use the hand pump (6) to pressurize
the circuit and open the brakes.

Pump until desired pressure is attained on gauge (11). Note: When using the hand
pump the pressure relief valve is bypassed so pressure needs to be monitored at the
gauge (11) at all times.

Recommended Oil

Use the same oil as used in the tensioning hydraulic unit. Which may be:

- either hydraulic oil with viscosity index > or = 150
and viscosity 32 or 37 at 40° C

- or a hydraulic oil "aviation" type or "low temperature",
13-16 Cst at 40° C and 400-500 Cst at -40° C.

Oil Change

Change the oil periodically, removing the drain plug and fill through the breather.
Check the level through the sight gauge.

Daily Start-up

Check the oil level through the sight gauge of the tank and top up if necessary.

The dump valve (14) must be closed.

Start up the unit and check the operating pressure on the pressure gauge (11).

Section 8: 1999
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ADJUSTMENT OF THE RELIEF VALVE

Determination of the pressure required depends on the adjustment of the brakes (see
Section 1, Lift Data).

To adjust the pressure, follow this procedure on the relief valve (4) on the front of the
manifold.

- Loosen the lock nut.

- Start-up the unit.

Turn the adjusting screw (4): IN to increase or OUT to decrease the pressure
reading on the gauge and obtain the opening pressure listed in Section 1, Lift Data.
Oil leakage on the threading during adjustment is normal.

- Next tighten the lock nut.

ADJUSTMENT OF THE RELEASE SPEED OF THE BRAKE CYLINDERS

,: ~ Use the adjusting screw located on the flow regulator (8) for this adjustment.

LOCKING THE CIRCUIT

To lock the brakes in the open position ,(hydraulic circuit pressurized), close the isolating
valve (10).

This releases the safety switches (9) which will not allow the lift to operate.

RETURN TO THE TANK

To lower the pressure in the circuit and cause braking from the unit, throw the lever of the
dump valve (14) to the open position.

The safety switch on each brake then prevents the lift from starting up again.

Section 8: 1999
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Hydraulic Tension System

General Description

The lift is equipped with a constant tension system designed by Poma of America, Inc.
The system operates continually during lift operation on 480 volts AC to maintain. the
correct tension on the haul rope.

NOTICE: Electrical troubleshooting should be performed by a qualified electrician.

Constant Running Pump Systems

Operation (See drawing 3038.547)

The electric motor (17) drives the variable displacement hydraulic pump (12) which
pressurizes the system to design pressure. Design pressure is controlled by the pressure
compensated pump (12). Aback-up relief .valve (11) is adjusted to open at a pressure
approximately 10% - 20% higher than design pressure. This arrangement provides
additional safety against over pressure. During normal operation, relief valve (11) should
remain closed and the pressure is regulated by the pressure compensated pump.

Two Barksdale electrical switches (14) are provided. One switch is adjusted to stop the
lift if the pressure of the system drops 10% below design pressure. A second switch is
adjusted to stop the lift if the pressure exceeds design pressure by 10°/a. The system
pressure is shown on the gauge (15). These switches should never be readjusted
without written permission and instructions from Poma of America, Inc.

Caution must be taken to ensure that the hydraulic system pressure, as well as under
pressure shutdown, over pressure shutdown and pressure compensated pump (12) are
adjusted to design specifications at all times.

Failure to maintain design pressure specifications can increase loads
on terminals, towers, and haul rope and can cause serious injury or
death as well as equipment damage.

These valves and switches are preset during load test and do not normally require further
adjustment. However, if adjustments are required, please contact Poma of America, Inc.
to verify system settings.

In the event of a power failure, a hand pump (6) is provided to maintain system pressure.
If the lift is operating without electric power, the system pressure must be checked
periodically because the pressure will change as the lift loading changes. The hand
pump must be used to maintain system pressure within design tolerances.

Section 9:7999
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A cooling system (7) consisting of a radiator and the cooling fan of the electric motor is
provided to maintain the system temperature. A two-way valve (9) is provided to bleed
pressure out of the system. A solenoid valve (10) opens when the electric pump is
running to allow fluid to be pumped either direction through the pump, depending if the
cylinders are extending or retracting. Once the system is static, the pump will go to zero
stroke and only pump to maintain pressure.

NOTE: Because the haul rope applies load to the tension terminal, and the
track rope applies load directly to the ram, the rams are under
pressure at all times. Opening valves, fittings or hose connections
can cause serious injury, death or equipment damage. The tension
carriage must be against the stops and track cable ram fully extended
and at end of travel before opening any fitting or hose.

To move the carriage to the stops and extend the track rope ram, slowly open
decompression valve (9). This will move the carriage up and track rope ram to extend.
This process has to be done slowly in order not to set the velocity fuses on the rams.
Visually inspect extension of rams. The system pressure will then drop to zero.

To clamp the track rope, contact Poma of America, Inc. for cable clamp and procedure.

NOTE: Never detention the rams with anybody in the cabin. Failure to do so
could result in injury or death.

A filter (5) is provided to filter the oil as it returns to the tank.

Velocity fuses (19) are installed on the retract piston end of the rams. These valves will
close and lock the carriage in case of a hose failure, or any time that the flow out of the
rams exceeds a certain value, typically 3 or 5 gallons per minute.

SPARE PARTS: All hydraulic tension system replacement parts are available from Poma
of America, Inc.
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Putting a New System into Service

ASSEMBLY:

Fill tank with oil. Mount rams to the drive unit and track rope anchor. Be certain to secure
linking pins with roll pins or cotter pins. Connect hoses between ram and pump unit.

NOTE: Be sure that all hoses are connected properly: piston end hoses are
connected to pressure ports on the pump unit. Anchor end hoses are
connected to return ports on pump unit.. Flush clear oil through hoses prior
to connecting to rams and pump.

Extend ram by pumping oil into anchor end. NOTE: This procedure must only be
performed while the tension is held on the service cables on track rope and lorry is
against the stops. This procedure will fill the backside of rams with oil and evacuate the
air.

Connect ram piston rod to track rope socket anchor (track rope) and drive tower anchor
(haul rope). Again secure the linking pins with roll pins or cotter pins.

INITIAL START-UP:

Before start-up, check that all hoses are correctly connected.

Check that the reservoir is full of oil. Choose a hydraulic oil which has the following
characteristics:

- very high viscosity index: > 150
- viscosity: from 32 to 37 Cst at 40° C
- aniline point: 94 to 100 approx.
- pour point: < -35° C
- flash point: > 190° C approx.

Close decompression valve (9).

Start-up electric motor.

When the cable is under tension, check the oil pressure.

Check that there is no external leakage at hose connections.

Check oil level in reservoir and, if necessary, add oil to maintain tank between
ti3 and 3/4 full
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CHECKING THE TRIP SYSTEM:

Pressurize the circuit and open the decompression valve (9), to decrease the pressure
slowly. The pressure switch should stop the lift when the nominal pressure is lowered by
10%. Increase the system pressure by screwing the alien head adjustment screw on the
pump in until the pressure is increased 10%. The pressure switch should stop the lift.

SAFETY VALVE FITTED ON RAMS:

The safety valves (19), fitted on the rams, close if the hose between the rams and the unit
fails.

To test that the safety valves work properly, open the decompression valve (9) suddenly;
the carriage and track rope should lock in position. NOTE: Never use safety valves to
hold the carriage while working on the pump.

Section 9: 1999
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Limit Switch

GENERAL DESCRIPTION

This device serves to stop the lift before the ram reaches either of its end positions.

- Ram mounted: Figure 9-1: These switches are attached directly to the
track rope ram.

- Carriage mounted: Figure 9-2: These switches are attached directly to the
carriage guide.

RAM MOUNTED LIMIT SWITCHES

OPERATION (see figure 9-1)

When the ram piston (1) is extended or retracted.

- As the ram is extended the collar (2) attached to the piston (1) will move away from
the ram housing (4). A rod (5) is attached to the ram housing (4) with two
mounting brackets (6). Therefore the rod (5) remains stationary with, respect to the
piston (1). Switches (3) are mounted to the stationary rod. As the piston (1) is
extended or retracted, the collar (2) will move with it. As the collar (2) passes the
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switches (3) the switches are tripped before the end of travel of the ram is reached.

ADJUSTMENT:

- Clamp the switches (3) on the fixed rod (5) in a position so the collar (2) will trip the
switches before end of travel is reached.

- Fully load the cabin (without people) and run the lift to the return. Mark the maximum
extent of the ram collar (2) with respect to the fixed rod (5). Adjust the switch (closest
to the track rope) 4-bin from the mark towards the track rope.

- Dock the cabin at the drive and completely unload it. Adjust the switch (farthest from
the track rope) 4-bin from the .collar away from the track rope.

- Make note of the distance between the switches after adjustment. This distance
should be maintained considering temperature and rope stretch.

- Trip the switches by hand to check that it actually stops the lift.

NOTE: Track rope ram maximum extension = 217in center of pin to center of pin.
Minimum retraction = 119 3/bin center of pin to center of pin

Section 9: 1999
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CARRIAGE MOUNTED LIMlT SWITCHES

FIGURE 9-2

OPERATION (see figure 9-2)

When the ram (1) is extended or retracted.

- As the ram is extended the carriage (2) moves up. The bottom carriage guide
(3) passes by and trips the limit switch (5) mounted to the rail (7) attached to the
drive tower. When the ram is retracted the carriage (2) moves down. The top
carriage guide (4) passes by and trips the limit switch (6) mounted to the rail (7)
attached to the drive tower. The switches are tripped before end of travel is
reached.

Section 9: 1999
Tensioning System
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ADJUSTMENT: (See Figure 9-2)

- Clamp the switches (5,6) on the rail (7) in a position so the carriage guides (3,4) will trip
the switches before end of travel is reached.

- Fully load the cabin (without people) and run the lift to the return. Mark the maximum
extent of the bottom carriage guide (3) with respect to the rail (7). Adjust the bottom
switch tin above the mark.

- Dock the cabin at the drive and completely unload it. Adjust the top switch tin below
the top carriage guide (4).

- Make note of the distance between the switches after adjustment. This distance
should be maintained considering temperature and rope stretch.

- Trip the switches by hand to check that it actually stops the lift.

NOTE: Carriage ram maximum extension = 58.38in center of pin to center of pin.
Minimum retraction = 34:38in center of pin to center of pin

Do not allow ram to extend completely. Always stop at a minimum of 2"
from maximum position.

Section 9: 1999
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Troubleshooting the Tensioning System

PROBLEMS CAUSES REMEDIES

The system cannot Lack of oil Top off the oil level and
be pressurized ~ check that there is no leak.

Incorrect Check that the valve (9)
operation is fully closed.

Defective Check the condition of relief
relief valve valve unit (i.e. O-rings, dirt).

Defective pump Replace the pump.

Section 9: 1999
Tensioning System
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Maintenance Schedule for Tensioning System

Frequency Maintenance Activity

AFTER THE FIRST Check the filter element as follows:
10 HOURS -stop hydraulic pump operation

- remove filter
- if necessary, change element (never attempt
to clean it as this may damage element)

= clean magnetic core (if applicable) with a cloth
- re-assemble

DAILY Operating pressure: check the value on the pressure gauge.
Verify that it matches design pressure.

Rams and carriage: make sure they have not reached their
end position.

Check that there is no leakage.

Check motor and pump for any abnormal noises.

Check the oil level.

MONTHLY Pressure switch: check for correct operation.

Check valve (10): check that the pressure reading on the
pressure gauge is maintained when the lift is stopped.

Safety valves (19) fitted on rams: check for correct operation.

Limit switch: check general condition and that tripping the
switch stops the lift.

Grease spherical bushings on rams with MOBIL MOBILITH
SHC 460 or equivalent.

Visually inspect hydraulic hoses and fittings for signs of wear.

AFTER EVERY Change filter element.
1000 HOURS

AFTER EVERY Empty hydraulic reservoir and refill with new hydraulic oil.
1000 HOURS or
2 YEARS NOTE: NEVER MIX DIFFERENT BRANDS OF OIL.

Section 9: 1999
Tensioning System
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'1.0 Introduction
Congratulations, nn the purchase of your TEI Engineered Products, Inc. Hydraulic Power Unit (HPLn. In
addition to the HPU, you have also received access to these additional benefits:

Factory Trained/Certified Txhnicians:
Our technicians are fully trained in all aspects of hydraulic component operations including pumps,
motors, valves and cylinders. With over 25 years of service in the shop and the engineering support
including Professional Engineers to back them up, we can service all of your hydraulic needs, in a timely
fashion and with guaranteed results.

Lar¢e Component Part Inventory:
TEI maintains one of the largest hydraulic parts inventories in the Rocky Mountain Region. Many
pumps/motors/valves are maintained in component stock so we can pull immediately for rebuilding our
customer's equipment. In addition, we maintain pumps and motors in a rebuilt state to sell in a Rebuilt-
Exchange Program (RBX). This provides you with a quicker turn-around and lower down-time, thus
saving you money.

On-Site Traininst:
New systems always work as designed, but Inter after warranty runs out and repairs are needed we are
certainly available to assist with service ar we can provide training for your service/maintenance
personnel. By providing this training, you will find improved up-time, lower cost of operation, and higher
moral.

1. t Unpacking end Inspection
On receiving the unit, inspect the unit thoroughly for external damage.

When unpacking your Cabinet be careful not to damage any electronics, valve handles, etc. which may
protruding from the Cabinet.

Once the unit has been unpacked, inspect it to ensure that ono damage has occurred during freight. If you.
discover damage has occurred, take a photograph of the damaged area and notify the freight carrier
immediately.

RBV: 0
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1.2 Warranty and Service

TEI Engineered Product, Inc. (TEn warrants the equipt~lent or parts supplied by TEI against defects in design
material and worlvnanship for a period of twelve (12) months from date of shipment from TEI. if the original
purchaser, within twelve (12) months of original shipment by TEI, reships the product a5 a component of a machine
manufactured by such purchaser or from the original purchaser's stock, the warranty will be extended for a period
equal to six (6) months from the date of shipment from the original purchaser. For the extension of warranty to be
effective, documentation will be required to verify the purchase of such equipment from TEI and subsequent sale by .
such purchaser. if the equipment is rebuilt or repaired by TEI during the original new product warranty, the warranty
shall continue for the balance of the original warranty period or fa a period equal to six (6) months, whichever is.
longer. Repairs made outside the warrenty period will be warranted against defects in material and worlvnanship for
a period of six (6) months from the date of repair.

if any failure to conform with the applicable warranty develops during the specified period under normal end proper
use and provided the equipment has been properly stored, installed, and maintained, TEI shall, if given prompt notice
by purchaser within the warranty period set forth herein, correct such non-conformity at its option, either by repair or
replacement, F.O.B. repair facility or by refund of the purchase price of the nonconforming equipment or part.

When the natwe of the defect is such that-it is appropriate in the judgment of TEI to do so, repairs will be made, at
TEI's option, at the equipment site. Repair or replacement under applicable warranty shall be made at no charge to
customer fvr replacement of defective parts and warranty labor when work is performed during normal working hours
8:00 a.m. to 4:30 p.m., Monday through Friday, exclusive of holidays. Labor performed at other times at the request
of purchaser will be billed at the applicable rate then prevailing for services of TEI personnel. Serviceman travel
time, transportation and living costs are the sole fesponsibility of the purchaser and will be billed at a rate of 1'0%
above actual costs incurred. Replaced equipment or parts become the property of 7'EI.

The warranty contained herein shall not apply to: defects in materials provided by purchaser; design stipulated by
purchaser; or sale of used equipment or components furnished by TEI, but not manufactured by TEI.

The warranty contained herein shall terminate if the equipment failure giving rise to a claim under warranty results
from (a) unauthorized modification, repair or alteration, (b) improper operation, application, maintenance or
installation, (c) damage during shipment,.(d) operation, handling or other dealings with the equipment in a negligent
manner, or (e) abnormal conditions or temperature, moisture, dirt or corrosive matter.

The warranty contained herein shall not apply to damages es a result of acts of God, War, or Civil Insurrection, nor
shall it apply to products which, in the sole judgment of TEI, have been subject to negligence, abuse, accident,
tampering or alteration, nor to other than normal application, use, and semce.

THE WARRANTIES, RIGHTS AND REMEDIES SET FORTH ARE EXCLUSIVE AND 1N L~U OF ALL OTHER
WARRAN'T~S, REPRESENTATIONS, CONDITIONS, RIGHTS AND REMED~S WITH RESPECT TO THE
EQUII'MENT, EXPRESS OR IMPLIED OR STATUTORY OR OTHER WISE AND WHETHER WRITTEN OR
ORAL, AND ALL OTF~R WARRANTS, REPRESENTATIONS, CONDITIONS, RIGHTS AND REMED~S,
RdCLUDING, BUT NOT LIIvtTIED TO ,ANY WARRANTY OF MERCHANTABILITY, DURABII,ITY OR
FITNESS FOR A PARTICULAR PURPOSE, ARE HEREBY EXPRESSLY DISCLAIMED, EXCLUDED AND
WANED BY PURCHASER TO THE FULLEST EXTENT PERMITTED BY LAW.

EXCEPT TO TFiE EXTENT SPEC~'ICALLY SET FORTH II~l THIS LQvITTED WARRANTY, TEI SHALL NOT BE
LIABLE AND DISCLAIMS ALL LIABII,ITY FOR CONSEQUENTIAL DAMAGE OR INJURY (FATAL OR
OTF-IERWISE) OF EVERY KIND (WHETHER CLASSIFIED AS DIRECT, SPECIAL., INDIItECT, INCIDENTAL
OR CON3EQUENT[AL DAMAGES).

Correction ofnon-conformities in the manner and for the period of time provided above shall be purchaser's
exclusive remedy and shall constitute fulfillment of all liabilities of TEI, whether in warranty, mntrad, negligence,
tort or otherwise with respect to the quality of the equipment.

TE[ shall not be responsible for providing working access to the defect, including disassembly and re-assembly of the
-- equipment or for providing transportation to end from repair facility, all of which shall be at purchaser's expense.

REV: 0
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1.3 Using this Manual
Using this manual is very simple. Look through it completely before any action occurs with the system.
Become familiar with the table of contents, start-up instruction, maintenance procedures, and the
specifications. By following all instructions carefully, there is less risk to the machinery.

7.4 /ntroductlon to the HPI!
To become more familiar with the unit, locate the general arrangement and hydraulic schematic drawings,
located in the Specifications section of this manual. Locate all critical locations and components on the
HPU (i.e. electrical connection, customer hydraulic connections, etc.). Familiarize yourself with the
hydraulic symbols on the schematic and correlate those symbols to the components on the system.

2.0 Fluids and Filtration

2. f Fluid Recommendation
The fluid recommended for this HPU is Mobile DTE 25

All hydraulic oil has a definite, useful life span, and when it has deteriorated to near the danger point, it
should be discarded.

One major cause of short oil life is operation at too high a temperature. This speeds up the oxidation
process, which forms acids and sludge in the oil, causing rapid wear and corrosion to moving parts within
the system. Depending upon the oil.sele~ted, the oil temperature shwld range Gom 120° to 140° F.
Check your oil temperature occasionally with a thermometer, or by simply placing your hand on the
reservoir. At 120°Fit is uncomfortable to leave your hand on the reservoir for more than two or flues
seconds. If the tank is too hot to be touched at all, check it with a thermometer.

2.2 Fluid Cleanliness
Fluid must be cleaned before and continuously during operation by filters that maintain a cleanliness level

ofNAS 1638 Class 8. This approximately corresponds to ISO 17/14. Better cleanliness levels will
significantly extend the life of the components. As contaminant entrainment and contaminant generation

may vary with each application, each must be analyzed to determine proper filtration to maintain the
required cleanliness level.

COMPARISON OF SOLD CONTAMINATION CLASSIFICATION SYSTEMS

NATIONAL AEROSPACE STANDARD (NAS)1663

a.~ss
00 0 l Z 3 1 S 6 7 6 9 10 11 12

PAIlT1CLE

SIZE
RANEE

5-13 125 230 S00 1000 2000 1000 8000 16000 )20W 64000 118000 256000 SIY000 IO2~000

IS•2S 22 M 89 I1B 756 712 1425 2lSO 5700 11100 22800 X5600 9120D 18]400

?S-S ~ 7 16 72 67 126 237 S06 1012 2025 4050 1100 16200 )2400

50.1 I 2 3 6 II 73 ~! 90 180 360 720 1440 2880 3760

>1 0 0 1 1 2 ~ 8 16 32 64 12! 2S6 312 102

MAXR.IUM

PARI7CLE5
>S 152 )04 609 1217 24)2 ~8W 9TlI 19462 1892 77849 155696 311796 622792 12155&1

CIS 27 54 X09 2l7 X72 864 1731 7462 6924 13849 27698 55396 110792 22ISN
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ISO: DIS 4406; SAE J1185

150 SOi.m COKTAI~IANT CODE
!fS 9/6 IM 1116 13N 1]fl0 IUII IS/t2 16f1~ 17/11 1N1! 19!16 2W17 11/1! fLl9

"~^x >5 230 S~0 1000 2000 1000 6000 160pp 72000 61000 170000 250000 SOD000 1000000 700D000 IOOOOOD
r"~. >IS 72 61 1J0 2S0 SOD 1000 2000 4000 8000 16000 72000 64000 U0000 250000 500000

NOTE: ALL IvtEASURE[v~NTS ARE FORA 100 ML SAMPLE SIZE

Make a visual inspection of the oil every month. Compare the color and body with an unused sample of
the same oil. A slight darkening is usually not serious, but a deep, dark color or a noticeable thickening
may indicate a serious deterioration. Feel a smudge of oil between your fingers to detect small pieces of
grit. If metal flakes and/or grit is found, the oil should be cleaned using a filter cart.

2.3 The Importance of Filtraflon
Proper filtration of the hydraulic fluid will help ensure long life of the system, assuming proper oil is used
at the proper temperature. The minimum filtration requirement for any hydraulic system is return line
filtration of 10 micron nominal, but under no circumstances should oil cleanliness levels exceed ISO
l7/l4. It is recommended that the following maintenance schedule be adopted: Change filter element
after first 50 hours of service, then every 1,000 hours or every 3 months, which ever comes first. If filter
is fitted with a clogging/bypass indicator, then element must be changed when indicator shows that filter
is plugged or bypassing, even though above time has not passed.

WARNI[VG Scrupulous cleanliness is essential during element
change. Dirt on the downstream side of the element
will pass into the system; Dirt on the upstream side

~~ will reduce the effective life of the element.

IMPORTANT On systems operating in heavily contaminated
environments, such as mobile equipment, foundries,
steel mills, etc. it is recommended the above filter
life be d~rate~ to 500 hours/1.5 months.

2.3.1 Element Installation Instructions

SPIN-ON CANISTER TYPE FILTERS
1. Make sure filter's rubber gasket is seated in place.
2. Clean and inspect gasket contact surface on filter head
3. Lubricate filter gasket with clean hydraulic fluid.
4. Use no tools. Install by hand until gasket contacts mounting base -then tighten 1/2 turn (14 ft-Ib).
5. Run system: Check for leaks, let 5 minutes elapse, and check again.
6. Check reservoir oil level.

NOTE: Most states have laws requiring the crushing of filter elements to remove the majority of
the oil. Also, hydraulic fluid must be handled as a hazardous waste.

ELEMENT-iN-BOWL TYPE FILTERS
1. Place suitable receptacle beneath filter to catch spillage
2. Remove lid screws and lift-off lid, unscrew bowl, or remove bowl-to-head screws and drop bowl.
3. Remove element and discard in an envvonmentally friendly way.
4. On fixed bowl types, wipe out thoroughly with clean linen rag. On removable bowl types, thoroughly

wash interior of bowl with cleaning solvent.

~~: o
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5. .Inspect the O-Ring and contact surface for nicks and scratches and replace or dress-up to achieve
sealing. Lubricate 0.Ring with clean hydraulic fluid.

6. Reverse above instructions for re-assembly
7. Function system to expel air and chxk filter for external leaks
8. Check reservoir oil level.

WARNING Disposable elements must be properly
disposed of. NO attempt whatsoever should
be made at cleaning the element.

3.0 Internal Settings
The HPU has bey designed to accomplish a function. The specifications to this particular HPU are:

Comp II
HYDRAULIC SPECIFICATIONS PRIME MOVER SPECIFICATIONS
Maximum S tem Pressure: 3000 si Prime Mover T Electric
Normal atin Pressure 1723 si Horse Power: . 3
Maximum Flow: 2.25 GPM Volta e: 208-230 / 460
Normal tin Flow: 2.00 GPM Shaft S ced RPM : 1740

Mini-Evac
HYDRAULIC SPECIFICATIONS PRIME MOVER SPECIFICATIONS
Maximum S em Pressure: 250U si Prime Mover T e: Internal Comb.
Normal eratin Pressure 2000 si Horse Power: 25
Maximum Flow: 20.0 GPM Fuel: Gas — Unleaded
Normal atin Flow: 10.0 GPM Shaft S M : 1250 - 3000

NOTE: Sa Spocifications roctions for more detailed fnforn~etion on tfie individual eomponentc

4.0 Installation and Start-Up of HPU
Safety should be first and foremost during installation and start-up. Safety glasses and protective clothing
should be worn at all times during installation, start-up, tuning, and normal running conditions. Ap
personnel should be clear of any dangerous areas BEFORE any start-up. All guards and protection
devices should be in then proper place. Always ensure someone is standing ready by emergency
shutdown switches in case of emergency.

Documentation is also very important during installation and start-up. Record all pertinent readings after
initial flushing/run-in period for maintenance records. These readings include: Pressures, voltage, amps,
flow, noise level, oil temperature, amount of fluid needed to fill system, and part numbers on all
consumables (i.e. filters). Machine cycle time should also be noted to be used in trouble shooting
situations.

4.1 Insfallatlon of HPU
Place the unit in the place where it is to be installed. Level unit using shims if necessary. Attach hoses or
tubing to the customer connections provided. Install the electrical power to motor and wire all electrical
devices. Fill the reservoir with specified oil.

~~: o
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1 WARNING Warranties are not valid unless ro startin and maintenance rocedures are followed.

4.2 Start Up Procedure
Once the unit has been installed, the proper connections made, and the reservoir filled, it is ready for
start-up. To start the HPU use the following procedwes:

INITIAL START UP
1. Double check to see that the reservoir is filled with the proper hydraulic fluid.. Oil level should be

midway on the sight gauge.
2. Always check engine oil level before starting. The engine is equipped with low level protection and

will not run if oil level is low
3. Make sure heat exchanger is clean an air flow is unobstructed. The two temperature switches should

be adjusted to 90° F and 105° F, each controlling two separate fans powered by 24 VDC source.
4. Be sure hydraulic connections are tight.
5. Turn bypass valve handle into the open or horizontal position.
6. Insure that pump stroke arm is vertical or neutral position.
7. Make sure pump suction valve is full open.
8. Adjust engine throttle to'/. on, and pull choke out as needed for starting.
9. Fueling: Gas tank is removable to facilitate filling and can be hansported horizontally or vertically.

Always close vent on filler cap when transporting. When fuel tank is installed the.fuel line connected
(simple plug-in quick disconnect) always make sure that the vent is open.

10. Start Engine: allow engine to warm up 2 to 3 minutes at fast idle.
11. Make sure stroke control is in neutral and slowly close bypass valve.

DURING NORMAL OPERATION
1. Check fluid levels.
2. Open bypass valve.
3. Start engine: allow engine to warm up 2 to3 minutes at fast idle.
4. Make sure stroke control is in neutral and slowly close bypass valve.
5. Forward and reverse movements are controlled by the direction stroke control lever is moved. Speed

is a function of stroke. Engine speed also is directly proportional to output flow

SHUT DOWN
1. Move stroke control into neutral position
2. Open bypass valve.
3. Turn engine throttle to lowest setting
4. Turn engine key to OFF position.

1 WARNING Warranties are not valid unless pro er starting and maintenance rocedures are followed.

5.0 Maintenance of HPU
Safety should be first and foremost during maintenance of the system. Safety glasses and protective
clothing should be worn at all times during maintenance and normal running conditions. All system lock
out devices must be utilized before any maintenance operations occur. If there are no lock outs, remove
power fuses to ensure system'is not energized during maintenance. All personnel should be clear of any
dangerous areas BEFORE the system is energized. All guards and protective devices should be in their
proper place: Always ensure someone is standing ready by emergency shutdovm switches in case of
emergency.

Documentation is also very important during maintenance. Record all pertinent readings after any
maintenance. These readings include: Pressures, voltage, amps, flow, noise level, and oil temperature,

~~:a
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amount of fluid needed to fill system. Machine cycle time should also be noted (to be used in trouble .
shooting situations).

SEASONAL MAINTENANCE
1. Change engine oil: Remove oil tube plug and remove oil with oil suction. Change oil filter every

y~~.
2. Check bolts and linkages and tighten/adjust as needed.
3. Check and clean air filter. Wash in warm soap water and carefully dry.
4. Check battery connections and clean/tighten as necessary.
5. When engine will be shut down for greater than 30 days, fuel stabilizer should be added or fuel

should be drained.
6. Clead dust and debris for heat exchanger.

MAINTENANCE TIPS
1. Maintain as low a system pressure as possible to achieve adequate performance.
2. Prohibit unauthorized personnel from making adjustments on the hydraulic system.
3. Maintain adequate oil level. When adding oil, be sure it is new and clean and if possible, pump into

the unit through a 10 µ (micron) filter cart. 3 µ (micron) filtration should be used on servo valve
systems.

4. Keep fittings tightened.
5. Maintain clean fluid in system by: changing filter elements when indicated; cleaning strainer

elements; changing oil if any foreign material enter the system; clean or replace reservoir av
breathers regularly. Ensure that no forbign material enters reservoir when adding oil.

6. Lubricate all grease zerks regularly if applicable.
7. Check system regularly for overheating. Seal damage may occur over 165° F.
8. Keep HPU clean.
9. The three most important indicators of where trouble points are located are Heat, Noise and Leakage

If problems or questions arise, call:

TEI ENGINEERED PRODUCTS, INC.
Phone (303) 693-1491
Fax (303) 680-7577

~~: o
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6.0 Troubleshooting
Trouble encountered in hydraulic systems results in a loss of efficiency of machines and/or down time.
The following chart has been compiled to enable field engineers to locate and remedy troubles quickly.
The symptoms and remedies suggested should be evaluated with reference to a parficulaz hydraulic circuit.

SYMPTOMS CAUSES REMEDIES IN THE FIELD
Noisy Pump Cavitation

Restricted Suction
Air leak at intake pipe connection

Air leak at pump shaft seal

Air drawn into system from reservoir

Worn valves, vanes, pistons, gears

Larger suction strainer.
Larger suction line.
Use oil of lower viscosity
Clean suction sVainer
Tighten suction line Sttings.
Pour oil over joints with pump
running end pinpoint leaking fitting
Accurately align pump and motor
shaft.
Replace shaft seal.
Raise oil level in reservoir.
Ensure discharge is below oil level.
Does oil have anti-foam additive?
Replace wom parts. Replace filters

Sticking valves or vanes Check for impurities or metal.
particles in oil.
Clean filters

Excessive heating of pump Internal pump leakage Renew wom parts, such es gears,
vanes, pistons, valves, etc.

Relief valve set above compensator Set relief valve 250 psi above
compensator setting

Internal leakage caused by thin oil Use heavier bodied oil.
Check pressure relief valve setting.
Check pressure relief valve for
leakage

Insufficient clearance of moving Check assembly of pump parts
Pis

Diminished or insufficient delivery Prime mover not at correct speed Check prime mover RPM

of pump
Pump parts wom out, or system Renew worn parts
bypassing oil Check orifice in relief valve

Erratic &sluggish operation Air trapped in pilot lines Bleed pilot lines
Oil viscosity to high or insufficient Use lower viscosity oil
input power

Diminished delivery pressure of Short circuit in pump, or system Check seal between inlet and outlet
pump bypassing ports of pump.

Check orifice in relief valve.
Low or no pressure in system Relief valve jammed or orifice Re-set pressure settings after

plugged cleaning relief valve.
Low oil level Add oil to reservoir

Fluctuating pressure Air or water in system Check seals and pipe connections.
Check for jams or obstructions in
system (collapsed hoseJtube~

Enetic movements Insufficient oil in system or improper Check vent valve.
kind of oil. Water or air present Check oil level.

Test oil.

RBV: 0
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Maximum pressure below
expectations

Frequent leaks in lines

Overheating of oil. (Efficient normal
operating temp is about 120° to 140
o~

Excessive internal leakage in the
system

Irregular, erratic or uncertain feeds

Slow acting machine

Jerky operation of working cylinders,
motors, etc.

Rapid traverse end reversing valve
troubles

Acceleration too slow

Acceleration too fast

Relief valve not functioning
properly, Internal pump leakage
Excessive frictional losses in system.
Oil velocity too high

Cavitation

Decompression shocks

Vibration in the machine

Too much oil discharging over relief
valve.

Insufficient oil or oil level too low
Higfi pressure held too long
Oil too light
Obstructions or restrictions to flow
of oil in pump lines

Oil too light, valves, pumps worn
out.

Pumps, valves worn out

Low external pilot pressure
Starting temp. of oil (too cold)

Oil too heavy causing excessive
frictional resistance in system
Oil too thin causing excessive
internal leakage.
Friction in seals/ways

Air in system
Improper adjustment of control
valves
Worn/broken components

Low volume set on pump

Relief valve set too low
High volume set on pump

Relief valve set too high

Check poppet for sticking and spring
for proper adjustmcnt.
Move 1-~U closer to hydraulic
components.
Use larger lines on machinery.
Larger suction strainer.
Larger suction line.
Use oil of lower viscosity
Adjust decompression valve if
installed or reduce orifice size in
bleed down path
Fasten oil lines securely with tubing
clamps
Check relieFvalve for pressure and
leakage.
Check pressure at which pump
should operate.
Add a heat exchanger to system.
Add oil
Check machinery operation
Use heavier oil
Check position of control valve for
neutral locations and overloads.
Pump parts may be wom.
Check back pressure valve for high
pressure.
Check clearancxs.
Use heavier oil if leakage is still
excessive.
Check for excessive internal leakage.
Check kind of oil used; use oil
recommended
Check external pilot pressure.
Verify oil heater is working if used.
Set controls so that oil is discharging
across relief valve until oil heats.
Use lighter oil

Use heavier oil

Check oil level, may be too low.
See that seals are not binding.
Check for worn or scored rods, seals,
and broken piston rings.
Bleed cylinders
Adjust control valuing to proper
setting
Check for broken springs.
Valve plunger depressed to far.
Camsand/or rollers worn.
Valve remaining partly open.
Set volume adjustment to proper
setting.
Check relief valve setting.
Set volume adjustment to proper
setting
Check relief valve setting

3 and 4 -way valve troubles. Worn out parts/seals, broken parts Excessive wear of spools or body.

aev: o
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Overheating of solenoid operated Broken springs.
valves; indicated by hum ar buzz Lealq~ seals.

Binding resulting ~vm varnish
coating,-Polish spool or poppet.

Check valve troubles Worn seat Check condition of valve seat.
if worn or bell of poppet is in poor
conditions. reseal new ball m replace

Flow control valve troubles Dirty oil or worn parts Pressure compensator binding
caused by dirt.
Plungers worn
Clean orifice, polish spool

Metering valve not functioning Dirty oil Dirt lodged in eccentric grooves or
properly orifice. Clean oil

Needle valve won't oontro{ m shut Worn parts Needle worn - regrind and relay, or
off replace
Fluctuating pressure of relief valve .Worn parts Relief pressure convol spring(s).

Check for proper adjustment.
Clean orifice.
Check pilot cone.

Pressure reducing valves troub}e Improper adjustrnend broken spring Set correctly.
Check drain line.
Check fm broken springs.
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7.0 Specifications

The following pages contain hydraulic schematics and general arrangement drawings of the integral
Mini-Evac /Comp II. ,
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Worldwide Distributor

Oran Sales and Service Directory

The CumminsO/OnanO Distributor and Dealer Nefinrork -Ready and Qualified to Serve You

Give your power generation and control equipment the
care that it deserves by having it serviced by one of our
authorized distributors and dealers, who are also your
source for parts.

For sales support, our distributors and dealers provide
information, technical data and application assistance.

Our distributor and dealer network is designed with the
needs and the historic business relationships of your
region in mind. In some cases, a combined
Cummins/Onan distributor provideds sales and Onan
brand products. In other cases, Cummins-only
distributors or Onan-only distributors offer support for their
respective brands.

Selecting a Distributor

This directory is a key with which you can locate the
appropriate distributorship for your sales and service
requirements.

If a C, O, or C/O symbol appears next to the distributor
name, this will help you identify the products and services
offered by the distributor.

C/0
All Onan RV, Marine and Portable Generators,
Engines and other consumer products. All Onan
and Cummins standby or prime power generator
sets, transfer switches, paralleling switchgear
and accessories.
O
All Oiian RV, Marine and Portable Generators,
Engines and other consumer products. All Onan
standby or prime power generator sets, transfer
switches, paralleling switchgear and
accessories.
C
All Cummins standby or prime power generator
sets, transfer switches, paralleling switchgear
and accessories.

Service

Follow these steps to resolve yourservice and warranty
concerns:

1. Contact your nearby original selling distributor or
dealer.

2. Consult the Yellow Pages. Typicallly product
distributors are located under

GENERATORS -ELECTRIC; ENGINES -
GASOLINE OR DIESEL
OR RECREATIONAL VEHICLES -EQUIPMENT
PARTS 8~ SERVICE

3. Check this Sales and Service Directory. Each
distributor listed for service in this directory can refer you
to the nearest authorized dealer, if applicable_

4. To contact your local Cummins/Onan or Onan-only
distributor in the United States or Canada, call 1-800-
888-ONAN. You will be automatically connected to the
distributor nearest you.

For outside North America, call Onar~ Corporation, 1-
612-574-5000,7:30 am to 4:00 pm, Central Standard
Time, Monday through Friday. Or, send a fax to Onan
using the fax number 1-612-574-5282.



c.iU Cummins West, Inc. CIO Cummins SE Power, Inc. C/O Gateway Industrial Power

United States
F2srro
Phone: 800-595-5050

Orlando
Phone:407-298-2080

Collinsville
Phone:678-345-0723

Fax: 209-486-7402 Fax: 407-290-8727 Fax: 314531-6604

Alabama C/OCummins West, Inc C/O Cummins SE Power, Inc. C/O Cummins Great Plains
C/O Cummins Alabama, Inc.

Redding Tampa Diesel, Inc
Birmingham

Phone: 916-222 070 Phone: 813-621-7202 Rods Island
Phone: 205-841-0421

Fax:916-224-4075 Fax: 813-621-8250 Phone:309-787 300
Fax: 205-849-5926 C/0 Cummins West, Inc. C/O Cummins SE Power, Inc.

Fax:309-787-4397

C/OCummins Alabama, Inc.
West Sacramento Tampa Indiana

Mobile
Phone: 916-371-0630 Phone: 813-626-1101 O Onan-Indiana

Phone: 334-452-6426
Fax:916-371-2849 Fax: 813-628183 Elkhart

Fax: 334-d73-6657 C/0 Cummins West, Ina C/O Cummins SE Power, Inc.
Phone: 219-262-4611

San Leandro FL AAeyers
Fax; 2~9-Zg5-8000

C/O Cummins Alabama, Inc. Phone: 51x351-6101 Phone: 941-337-1211Montgomery Fax:510-352-3925 Fax; 941-337-5374
CIO Cummins Cumberland

Phone:334-263-2594 Evansville
Fax: 334-263-2594, Ext 124 C/O Cummins West, Inc. O RDC of Florida

Phone: 812-867400

Stockton Tampa
Fax: 812-867 411

Alaska

C/O Cummins Northwest, Inc.
Phone: 800-595-5050
Fax: 20978-2454

Phone: 813-626-4040
Fax: 813-628-0965

C/O Cummins Mid-States
o,„.,e. ,,,,,

iancnorage
Phone: 907-279-7594 0 ODC of Cal'rfomia Georgia

Indianapolis

Fax: 907-276-6340 An OMAN Company C/O Cummins South, Inc.
Phone: 317-243-7979
Fax: 317-240.1925Irvine ~~rn

Arizona Phone: 714757-7375 Phone: 912-888-6210 C/O Mid-States Power 8 Refig
C/O Cummins Southwest, Inc. Fax: 714757-594U Fax: 912-883-1670 Indianapolis

Phoenix
Colorado Phone: 317-240.1967

Phone: 602-252-8021 C/O Cummins South, Inc. Fax: 317-240-1975
Fax: 602-258-1010 C/O Cummins Rocky Mountain, Inc. Augusta

Commerce City Phone: 706-722-8825 Iowa
C/O Cummins Southwest, Inc. Phone: 30286-7697 Fax: 706-722-7553 C/O Cummins G2at Plains Diesel,Tucson Fax: 303-287837

Inc.Phone: 520-887-7440 C/O Cummins Onan South Power Cedar RapidsFaz: 520-887-4173 C/O Cummins Rocky Mountain, Inc. Systems Phone: 319-366-7537Durango College Park Fax: 319-366-7562Arkansas Phone: 970-259-7470 Phone: 404-763-0233
C/O Cummins Mid-South, Inc. Fax: 970-259-7482 Fax 404763-0711 C/O Midwestern Power Division

Little Rock
Phone: 501-569-5600 C/O Cummins Rocky Mountain, Inc. C/O Cummins South, Inc.

Cummins Great Plains Diesel,
~~~

Fax: 501-565-2199 Grand Junction Savannah Des Manes
Phone: 970-242-5776 Phone: 912-232-7424 Phone: 515-264165D

California Fax: 870.243-5494 Fax: 912-232-5145 Fax: 515-2641651
O Cummins Cal Pacfic, Inc. Connecticut Haxraii

Montebello Kansas

Phone: 213-728-8111 C/O Cummins Metropower, Inc. CIO Cummins Hawaii Diesel Power, C/O Cummins Mid-Amerip, LLC
Fax: 213889-7422 Ij~~~~ Colby

Phone 860.529-7474 Phone: 91362-3945
C/0 Cummins Cal Paafic, Inc. Fax: 860-529-7524 Phone: 808-662-8110 Fax: 913-462-3970

Rialto Faz: 808-&82-8477

Phone: 909-877-0433 C/O Cummins Metropower Inc. C/O Cummins Mid,America, LLC
Fax: 909-877-3787 Roddy Hill, CT ~d~ho Garden Cily

Phone: 860.529-7474
C/O GenPlus Phone: 316-275-2277

CIO Cummins CaI Pacific, Inc. Fax: 860.529-7574
Division of Cummins Fax: 316-275-2533

EI Cajon
Delaware Intermountain, Inc.

Phone: 619-593-3093 gcise C/O Cummins Mid-America, LLC
Fax: 619-593-0600 C/O Cummins Power Systems Phone: 208-336-5000 Wichita

Glen Burnie, MD Fvc 208-33&5436 Phone: 316-838-0875
C/O Cummins Cal Pacific, Inc. Phone: 410-590-8700 Fax: 316-638-0704

Irvine Fax: 410-590-8723 C/O GenPlus
Phone: 714253-6000 Division of Cummins Kentucky
Fax: 714253-6080 Florida Intermourrtain, InC. C/O Cummins Cumberland

C/O Cummins SE Power, Inc. P~~~~ Hazard
C/OCummins Cal Pacific, Inc. Hialeah Gardens Phone: 20&234-1661 Phone: 606436-5718

Ven~ra Phone: 305-821200 Fax. 20&234-1662 Fax: 806-436-5048
Phone:805-6447261 Fax: 305-557-2992
Fax: 805-644-7284 Illinois C/O Cummins Cumberland

C/O Cummins SE Power, Inc. C/O CumminsJOnan Northern Louisville
C/OCummins West Inc. Jacksonville Illinas Phone: 502-491263
~~ Phone: 904-355-3437 Jusdce Fax: 502-498-0896
Phone: 800-595-5050 Fes; gpq~y{~Sgq phone: 708-563-7070
Fax: 707-822-7585 Fax: 70&563-7095 Louisiana

C/OCummins West, Inc.
C/O Cummins SE Power, Inc. C/O Cummins Mid-South, Inc.

Bakersfield
Opla C/O Cummins MidSfates Power, Ine q~1e

Phone: 805-325-9404
Phone: 352-861-1122 Normal Phone: 504-631-0576

Fa~c 805-861-8719
Fax: 352-861-1130 Phone: 309-452~d54 Fax: 504631-0061

Fax~309-452-1642
C70 Cumrtrins Mid-South, Inc

Kenner
Phone: 504-466-3535
Fau 504-465-3408
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Maine CIO Cummins Northwest, Inc. C/0 Cummins Northeast, Int. C/O Cummins Northwest, Inc.
C/O Cummins Northeast Inc. Missoula Williamsville (Buffalo) Coburg

Sprborough Phone: 406-728-1300 Phone: 716-6313217 Phone: 503-687-0000
Phone: 207-883-8155 Fax: 406-728-8523 Fax: 716-626-0799 Fax: 503-687-1977
Fax. 207-883-5526

Nebraska North Carolina C/0 Cummins Northwest, Inc.

Maryland C/O Cummins Great Plains Diesel, C/O Atlarrtic Power Generation Portland

C/0 Cummins Power Systems Inc. ~n~• Charlotte Phone: 503-289-0900

Glen Burie Kearney Phone: 704-588-1240 Fa~c 503-286-5938

Phone: 410-590-8700 Phone: 308-234-1994 Fax: 704588-3879

Fax: 410-590-8723
Fax: 308-2345776 C/O Cummins Northwest. Inc.

C/O Cummins AUarrtic, Inc. Pendetton

Massachusetts
C/O Cummins G2at Plains Diesel, Greensboro Phone: 503-276.2561

C/O Cummins Northeast, Inc.
Inc. Phone: 910-375-6909 Fax: 503-276-2564

Dedham
Omaha Fax: 910-375-7879
Phone: 402-551-7678 C/O Cummins Northwest, Inc.

Phone: 781-329-1750 Fax: 402-551-1952 ~ C/0 Cummins Atlantic, Inc.
M~~~

Fax: 7B1-329428
Wilson Phone: 503-779-0151

CIO Cummins Northeast, Inc.
Nevada Phone: 915-237-9111 Fax: 503-772-2395

Springfield CIO GenPlus Fax: 919-237-9132
Pennsylvania

Phone: 413-737-2659 Division of Cummins

Fax: 413-731-1082 ~~tertnountain, Inc. C/O E n Generetor Services~r9e ~' C/O Cummins Interstate Power, Inc.

Elko Division of Atlantic Power Gen. Pitlsburg .

Michigan Phone: 702-738-6405 Greensboro Phone: 412 20-8300

Fax: 702-738-1719 Fax: 412-820-9137
CIO Standby Power, Inc. Faz: 910-375-

767909

Grand Rapids
C/O GenPlus C/O Cummins Power Systems, Inc.

Phone: 616-281-2211
Division of Cummins North Dakota Hartisburg Branch

Fax: 616-281-3177
Intermountain, Inc. C!O Cummins Diesel Sales, Inc. Hartisburg

C/O Cummins Great Lakes, Inc.
North Las Vegas Fargo Phone: 717-564-1344

Iron Mountain
Phone:702-399-2339 Phone:701-262-2466 Fax: 717-558-8217

Phone: 906-774.2424
Fax: 702-399-7457 Fax: 701-282-2472

CIO Cummins Power Systems, Inc.
Fax: 906-7741190

C/O GenPlus Ohio Bristol

CIO Standby Power, Inc.
Division of Cummins C/O Cummins Interstate Power Phone 215-785-6005

Redford
Intermountain, Inc. Cindnnati Fax: 215-785 728

Phone: 313-538-0200 S~~
Phone: 702-331983

Phone: 513-563-9303
Fax: 513-563-6898 Rhode Island

Fax: 313-53&3966
Fax: 702-331-7429 C/O Cummins Northeast

C/O Standby Power, Inc. C/0 Cummins Interstate Power Dedham, MA

Saginaw
New Hampshire Cleveland Phone: 617-329-1750

Phone: 517-249-1122 C/O Cummins Northeast Phone: 21639-6800 Fax: 617-329-4428

Fax: 517-249-6930 Dedham, MA Fax: 21639-7390

Phone: 617-329-1750 South Carolina

Minnesota Fax. 617-329428 CIO Cummins Interstate Power C/0 Atlantic Power Generation

C/O Cummins North Central Inc. Hilliarcl Charleston

St. Paul New Jersey Phone: 614-771-1000 Phone: 803-554-9804

Phone: 612-636-1000 C/O Cummins Metropower, Inc. F~~ 614-771-0769 Fax: 803-7450745

Fax: 612-638-2442 N~y~
C/O Cummins Interstate Power C/O Cummins Atlantic, Inc.

Mississippi
Phone: 201-491-0100
Fax: 201-578-8873

Hubbard Columbia
Phone: 330-534-1935 Phone: 803-799-2410

C/O Cummins Mid-South, Inc. Fax: 330-534-5606 Fax: 803-779-3427
Jackson New Mexico
Phone: 601-932-7016 C/O Cummins Southwest, Inc. C/O Cummins Interstate Power South Dakota
Fax: 601-932-7399 Albuquerque Maumee C/O Cummins Great Plains Diesel,

Phone: 505-247-2441 Phone: 419-893-8711 Inc.Missouri Fax: 505-842-0436 Fax: 419-893-5362 Sioux Falls
C/O Cummins Mid-America, LLC Phone: 605-336-1715

Joplin C/O Cummins Southwest Inc. C/O Cummins Interstate Power Fax: 6D5-336-1748
Phone: 417-623-1661 Farmington Strasburg

Fax: 417-&23-1817 Phone: 505-327-7331 Phone: 216-878-5511
Fax: 505-326-2948 Fax: 216-364-1433 Tennessee

C/O Cummins Mid-America, LLC C/O Cummins South, Inc.

Kansas City New York Oklahoma Chattanooga

Phone: 816-414-8200 C/O Cummins Metropower, Inc. C/O Southern Plains Power Phone: 423-629-1447

Fax: 816-44-8299 Bronx Oklahoma City Fax 42329-1494

CIO Cummins Mid-Amerip, LLC
Phone: 718-892.2400
Fax: 718-892-0055

Phone: 40946-4481
Fax: 405-946-3336 C/O Cummins Cumberland, Inc.

Springfield Knoxville

Phone: 417-862-0777 C/O Cummins Northeast, Inc. C/0 Southern Plains Power Phone: 423-523-0446

Fax: 417-862-4429 Albany Tulsa Fax: 4235230343

Phone: 518.459-1710 Phone: 91 &234-3240
C/0 Cummins Mid-South Inc.Monta~:a Fax: 518-459-7815 Fax: 916-234-2342

C/0 Cummins Rodry Mountain, Inc.
Memphis
Phone: 901-345-7424

Billings C/O Cummins Northeast, Inc. Oregon
Fax: 901-346-4735

Phone: 406-245-4194 Syracuse C/O Cummins Northwest, Inc.
Fax: 406-245-7923 Phone: 315-437-2751 Bend C/O Cummins Cumberland, Inc.Fax: 315-437-8141 Phone: 503-389-1900 Nashville

CIO Cummins Rocky Mountain, Inc. Fax: 503-389-1909 Phone: 615-366-4341
Great Falls Faz: 615-366-5693
Phone: 406-452-8561
Fax: 406~i52-9911
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Texas ~ Washington C/O Cummins British Columbia
McXICOC/O Southern Plains Power C/O Cummins Northwest, Inc. ~~PS

Houston Renton Phone: 604-828-2388
Phone: 713-956-0020 Phone: 425-235-3400 Fax: 604-828-6713 O Selmer Mexico
Fax: 713-956-0266 Fax 425-235-8202 Industrial Products Only

C/O Cummins British Columbia Mexico, D.F.
CIO Southern Plains Power C/O Cummins Northwest, inc. Tumbler Ridge (Industrial Products Only)

Arlington Spokane Phone: 604-242-217 Phone: (525) 702093
Phone: 817-640-6801 Phone: 509-624-411 Fax: 604-242906 Fax: (525) 566-3600
Fax: 617-640-6852 Fax: 509-624-4681

C/O Cummins British Columbia O SHmec Puebla
C/O Southern Plains Power C/O Cummins Northwest, Inc. Sparwood Puebla, Pue.

Dallas Tacoma Phone: 604-425-0522 (Industrial Products Only)
Phone: 214 31X400 Phone:253-922-2191 Fax:604-425-0323 Phone: 440470
Fax: 214 31-2322 Fax:253-922-2379 Fax: 444570

hAanitoba
C/0 Southern Plains Power C/O Cummins Northwest, Inc. C/O Pryme Power Division 0 ~~ Hertnosillio

Fort Worth Yakima Cummins Mid-Canada Ltd. Hemasillo, Son
Phone: 87724-2107 Phone: 509-248-9033 Winnepeg (Industrial Products Onty)
Fax: 817-624-3296 Fax: 50248-9035 Phone: 204-632-5470 Ph°^e: 50694

Fax: 204-694-7029 Fax: 54826
C/0 Southern Plains Power C!O Cummins Northwest, Ina

Mesquite Chehalis New Brunswick O Selmer Queretaro
Phone: 214-321-5555 Phone: 36 748-8841 C/O Onan Eastern Canada Q~R~~, fro.
Fax: 214328-2732 Fax: 36748-7015 F~~~~ (Industrial PreduCS Onty)

Phone: 506-451-1929
Phone: 61189

C/O Southern Plains Power West Virginia Fax: 506 51-1921
6~2~

San Antonio C/O Cummins Cumberland, Inc 151247
Phone: 210-655-5420 South Charleston Newfoundland

151248
Fax: 210-655-3865 Phone: 304-744-8373 Fax: 15071 B

Fax: 304-744-8605
C/O Onan Eastern Canada

C/O Southern Plains Power Mount Pearl O Selmer Merida
Odessa C/O Cummins Cumberland, Inc.

Phone: 70747-0176 Merida, Yuc
Phone: 915-332-9121 Fairmont Fax: 709-747-2263 (Industrial Products Only)
Fax: 915-333-4655 Phone: 304-367-0796 Phone: 258018

Fax:304-367-1077 Nova Scotia Fax: 256015
CIO Southern Plains Power C/O Onan Eastern Canada

Amarillo wsconsin Phone: 902-468-7938
O Selmee Guadalajara

Phone: 800373-3793
Fax: 806-372-8547 C/O Cummins Great Lakes, Inc. Fax: 902-~6~5177

Guadalajara, JaI.
(Industrial Products Only)

DePere Phone: 194116
C/O Cummins Southwest, Inc.

Phone: 92x337-1991 Or~rio 194903
EI Paso Fax: 920-337-9746 C/O Cummins Ontario, Inc. ~ggy~g

Phone: 915~52~200 Onan Ontario Division Fax: N/A
Fax: 915-852-3295 CIO Cummins Great Lakes, Inc. Oakkville

Oak Creek Phone: 905-844-5851 0 Selmer Culiacan
~h Phone: 414-768-7400 Faz: 905-644-7040 Culiacan, Sin

C/O GenPlus
Fax: 414-768-9441 (Industrial Products Only)

Division of Cummins Wyoming
C/OCummins Ontario, Inc. Phone: 46494

Intermountain, Inc.
Ottawa Fax: 42185

Salt Lake City CIO Cummins Rocky Mountain, Inc. Phone: 613-7301146

Phone: 801-355-6500 Gillette Fax: 613-73Cr1202 O Selmac Aguasplientes

Fax: 801-524-1359 phone: 307-fi82-9611 Aguasplientes, Ags.
Fax: 307-582-8242 QUe~ (Industrial Products Only)

C/O Gen Plus C/O Onan Eastern Canada, Inc. Phone: 140256

Division of Cummins C/O GenPlus po~~ Fax: 140177

Intermountain, Inc. Division of Cummins Phone: 514-631-5000

Vemaf Intermountain, Inc. Fax: 514-631-0104 O Selmer Monterrey

Phone: 801-789-5732 Rock Springs Monterrey, N.L.

Fax: 801-789-2853 Phone: 307-362-5168 C/O Onan Eastern Canada, Inc. (Industrial Products Only)
Fax: 307-382-7900 Val d' Or Phone: 585608

Vermont Phone: 819-825-0993 582668

C/O Cummins Northeast Canada F~~ 8125 84H8 Fax: 586062

Springfield, MA
Phone: 413-737-2659 A~~~

Saskatchewan O Selmer Tampico

Fax: 413-731-1082 C/O Cummins Alberta C/O Pryme Power Division Tampico, Tamps.
(Industrial Products Only)

Cal a
g ry

Cummins Mid-Canada Ltd.
Phone: 32032

Virginia Phone: 403-569-1122 Saskatoon
Fax: 30022

C/O Atlantic Power Generation Fax: 403-569-0027 Phone: 306-933-4022
Fax: 30f~242-1722

Chesapeake O 5elmec Durango
Phone: 804-465-4548 C/0 Cummins Alberta

Edmonton CIO Cummins Mid-Canada Ltd. Durango.
Fax: 804-485085 Regina Only)

Phone: 403-452151
Phone: 306-721-9710 Plhone: 

194451ucts

C/O CumminsAUantic, Inc. Fax:403-454-9512
Fax: 306-721-2962 Fax: 1194452

Richmond
Phone: 804-232-7891 Bash Columbia Selmer Chihauhua
Fax: 804-232-7428 CIO Cummins British Columbia Chihuahua, Chih.

Surrey (IndusUial Products Ony)
C/O Cummins AUaMic, Inc. Phone: 604-882=5000 Phone: 141242

Cloverdale F.ax: 604-882-5080 Fax: 141144
Phone:540-966169
Fax:540-966-3749
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International
Regional Offices

Latin America
Onan Corporation
Latin Amerign Region
3450 Executive Way
Miremar, Florida USA 3025
Fax: (954) 433-5830
Telephone: (954) 431-5511

EuropelMid-EasUAfrica
Onan International Limited
Unit 44, Gaushway
Stamford, Linccs
England PE9 1XP
Fax: (44-1780) 481888
Telephone: (44-178D) 481666

Commercial Office
Onan International Limited
Richborough Business Park
Ramsgate Road
Sandwich, Kent
England CT13 9NE
Fax: 44-1304-61045D
Telephone: 44-1304-610450

Southeast Asia &China
Cummins Diesel Sales Corp.
8 Tanjong Penjuru
Singapore 609019
Fax: (65) 265-6909 or

264-0664
Telephone: (65) 265-0155

Austrelia/S Pacific
Cummins Austrelia
2 Carribean Drive
Scoresby
Victoria
3179
Fax: 3 97630079

. Telephone: 3 97653222

North Asia
Cummins Diesel Sales Corp.
PO Box 525 Ark Mori Building
1-12-32, Alasoka, Minato-Ku,
Tokyo, 107 Japan
Fax: 81-3-5562-5485
Telephone: 81-3-5562-5531

Cummins Korea
2nd Floor, Choyang Building
113, Sam Sung-Dong
Kangnam-Ku
Seoul Korea, 135-090
Fax: (82-2) 3452213
Telephone: (82-2) 3452113

Africa

C/O Uniao
Hull Blyth & Co. Ltd.
Luanta
Telex: 4063
Fax: (244-2) 396380
Telephone: (244-2) 337185

Botswana

C/O NEI Power Systems
Engineering (Pty) Ltd.
Wadeville 1422 S. Afica
Fax: (27-11) 8242770
Telephone: (27-11) 8244810

Ethiopia

C/O EBG
Addis Ababa
Fax: (251) 1 517953
Telephone: (251) 1
516339/519D41

Ivory Coast

C/O Ste des Ets Lemercier & Fils
Abidjan
Fax: (225) 35 8562
Telephone: (225) 352522/350687

Liberia

C/O Electromotor, Inc.
Monrovia
Telex: 44422 ELMOTOR LI
Fax: (231) 221141
Telephone: (231)221950

Malawi

C/O Brown and Clapperton Group
Blantyr
Telex: 44120
Fax: (265) 670 442
Telephone: (265) 670 011

Morocco

C/0 Autohall
Casablanca
Telex: 21639
Fax: (212) 231-8915
Telephone: (212) 231-9056

Mozambique

C/0 Brown and Clapperton Group
Blantyre, Malawi
Telex: 44120
Fax: (265) 670 617
Telephone: (265) 670 011

Namibia

C/O Amalgamated Power
Engineering (Pry) Ltd.
Wadeville 1422 S. Afica
Location: 26 Nagington Road
Fax: (27-17) 8242770
Telephone: (27-11) 8244810

Nigeria

GO Scoatrac Mosel
Lagos
Telephone: (234-14) 521931
Fax:

Senegal

C/O Matforce
Dakar
Telex: 21677
Fax: (221) 8233076
Telephone: (221) 8233040

South Afiw

C/O Amalgamated Power
Engineering (Ply) Ltd.
Wadeville
Fax: (27-11) 8242770
Telephone: (27-11) 8244810

CIO Bitter Engineering Ltd.
Khartoum
Telex 22285 or 21137

BTR 5D
Fax: (249) 1178D102
Telephone: (249) 11771045

Zambia

C/O NEI Zambia Ltd.
Ndola
Fa~c (260) 2 612756
Telephone: (260) 2 610729-30

Zmbabwe

C!O Cummins Zimbabwe (Pvt) Ltd.
Harare
Telex: 22245 CUMZIMZW
Fax: (263-~) 621880
Telephone: (263-~) 621880

Caribbean

Bahamas

C10 International Energy Co. Ltd.
Nassau
Fax: (242) 325-4615
Telephone: (242) 323542

Dominican Republic

C/O Argico, C. Por A
Santo Domingo
Fax: (809) 562-4233
Telephone: (609) 562281

Tecnigribe SA.
Santo Domingo

Fax: (809) 567-1876

Telephone: (809) 565-8024

Haiti
C/O Societe Generale De Distribution,

SA. (Soged)
Port-Au-Prince
Fax: 509-491 X60
Telephone: 509--491550

Jamaica

O Appliance Traders Ltd.
Kingston
Fax: (876) 960--8439
Telephone: (876) 926-3370,

Puerto Rico

C/O West India Mach. 8 Supply Co.
Santurce
Fait: (l87) 721- 192
Telephone: p87) 721-7640

C/O Cummins Diesel
PueRO Nuevo
Fax:787-793-1072
Telephone: 787-793--0300

St Croix, U.S.V.I.

0 Quality Electric Supply, Inc.
Christiansted
Fax: (809) 778-7653
Telephone: (809) 773-4630

St Maarten

O Eledec N. V.
Philipsburg
(Mobile Products Only)
Fax: (5995) 43319
Telephone: (5995) 70946/70225

Trinidad 8 Tobago

C General Diesel Ltd.
La Romaine
Fax: (809) 657-3927
Telephone: (809) 657351/5441

Industrial Agencies, Inc.
San Fernando
Fax: (809) 625-6529
Telephone: (809) 657-8561

Central
America
Costa Rica

O Distribuidore Lame, S.A.
San Jose
Fax: (506) 255-2162
Telephone: (506) 221-1100

C Servidos Unidos, SA.
San Jose
Fax: (506) 250-5435
Telephone: (506) 250-5407

EI Salvador

C/O MAQSP~
San Salvador
Telex: 20507 SIMAC SAL
Telephone: (503) 293-1658, 1659

Guatemala

CIO Maquinaria y Equipos, S.A.
Guatemala City
Fax: (502-4) 773929
Telephone: (502-~) 77-2746

Honduras

C/O Comerdal Laeisz Honduras, S.A.
Tegucigalpa
Fax: (504) 233--9531
Telephone: (504) 233-$615

C/O Comercial Laeisz Honduras, S.A.
San Pedro Sula
Fax: (504) 556-9363
Telephone: (504) 556-6070

Nicaragua

C/O F. Alf. Pellas & Co
Managua
F2x: (50x2) 661060
Telephone: (502) 265-177,

265-193
Panama

C/O Grvpo Tiesa
Paitilla, Panama
Fax: (507) 274-0809/0919

Telephone: (507) 274-0266

Europe

Belgium
O Sim Belgium, BVBA

Ringlaan 36
(Mobile Ony)
Fvc: (32) 13-53-76--87
Tel: (32) 13-515-80

Croatia

O Adria Univerzal d.o.o.
Rijeka
Fax: (385-51) 211059
Telephone: (3851) 37911

Denmark

O Elano Odense A/S
Odense (engines only)
Telex: 596D2 ELANO DK
Fax: (45-66).170153
Telephone: (45--66) 17523

O Sim Holland, BV.
Gouda. Netherlands
Fax: (31-182) 259968
Telephone: (31-1820) 19655
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Eire

C70 Cummins Engine Co. Ltd.
Dublin
Fax: (353-1) 527111
Telephone: (353-1) 527238

Finland

C/0 Machinery Oy
Vantaa
Telex: 124501
Fax: (358-9) 890 230
Telephone: (358-9) 89-551

Frenee

0 Sidmer Equipements S.A.
Cannes
Fax: (334) 93 90-35--07
Telephone: (334) 93 90-34-93

C/O Cummins Diesel SA.
Lyon, France
Fax: 33--478-901956
Telephone: 33-472-229272

Germany

O Sim Deutschland GmbH
Ratingen
Fax: (49) 2102 849729
Telephone: (49) 2102 871417

Greece

C/O Eneq. Ltd.
Alimos
Telex: 215896
Fax: (30-1) 9885829 "
Telephone: (30-1) 9886621,

9887798
Iceland

C/0 Velasalan HF
Reykjavik
Fax: (354-1) 623810
Telephone: (354-1) 626122

Israel

C/O Israel Engine and Trailers Co.
Tel Aviv
Fax: 972-3 560-4540
Telephone: 972-3 560 7671

Italy

C/O Cummins Diesel Italia S.P.A.
Milan
Fax: (39-2) 982-81559
Telephone: (39-2) 9821235

0 Cummins Diesel Italia, S.P A.
Rome
Fax: (39-6) 6506524
Telephone: (39-6) 6507746

Netherlands
0 Sim Holland, B.V.

Gouda
Fax: (31) 182-539968
Telephone: (31) 1 82-571 1 3 6

Norvvay

C/O Cummins Diesel A/S
Oslo
Fax: 47-22326170
Telephone: 47-22326110

Spain

0 Serviaos y Exdusivas
Autonavales. SA.
Barcelona
Fa~c (34-3) 300 2799
Telephone: (34-3) 300 7211

Sweden

C/O Ferm AB
Stockholm (Hogdalen)
Fax: (46--8) 863544
Telephone: (46-8) 860480

Switrxrland

C/O AKSA YVurenlos AG
Wurenlos
Fax: (41) 56-424-1330
Telephone: (41) 56--424-1313

United Kingdom

O Berthon Boat Comparry Limited
Lymington
{Marine only)
Fax: (44-1590) 676353
Telephone: (44-1590) 673312

O Dudleys, American Motor Homes
Whitney
(RV/Caravan ony)
~aii: ~wi-i6~3j ii i7g$
Telephone: (44-1993) 703774

Middle East
Bahrain
C/O Yusuf Bin Ahmed Kanoo WLL

Manama
Faz: (973) 732828
Telephone: (973) 735454

Cyprus

C/O Alexander Dimitriou &Sons Ltd.
Nicosia
Fax: (357-2) 348508
Telephone: (357-2) 349450

Egypt

C/O Arab Development & T2ding
Company (ADAM
Cairo
Fax: (20-2) 3851864
Telephone: (2a2) 3854001,

2, 4, 5, 6

C/O Arab Development 8 Trading
Company (ADAM
Alexandria
Fax: (20-3) 4200516
Telephone: (20~) 4200517/8/9

Israel
Isreel Engine and Treilers Co.
Tel Aviv
Fax: 972-3 560-4540
Telephone: 972-3 560 7671

Jordan

C/O SETT Jordan Limited
Amman
E~Nail: SETIJO~NETS.com.JO
Fax: (962) 856854
Telephone (962) 827300

Kuwait

C/O General Transportation &
Equipment Co.
Safat
Telex: 22279 GTE KT
Fax: (965) 4812860
Telephone: (965) 483338081/82

Lebanon

C/O Overseas Consultants
ZelkB B2~iCh
Beirut
Telex: 44450 POWERS
Fax: (9611)346648
Telephone: (9611) 4084261

416618
Va Satellfte USA:
Tel &Fax: (212) 478-1610

C/O Overseas Consultants
Ras Beirut Branch
Beinrt
Telex 21057 VERCO
Fax: (9611)346648
Telephone: (9611) 602406

Oman

CIO Universal Engrg. Services L.L.C.
Muspt
Telex. 007 498 3803
Fax: (988) 597514

Qatar
C/O Jaidah Motors 8 Trading Co.

Doha
Telex: 4219 JAIDAH DH
Fax: (974) 414100
Telephone: (9841622
Telephone: (966-3) 842-1216

C/O Generel Contracting Co.
Jeddah
Telex: 401424 OSHCOJ SJ
Fax: (96f~2) 6671424
Telephone: (966-2) 663555

C/O General Contracting Co.
Riyadh
Telex: 407365 OSHCOR SJ
Fvc: (966-1) 231-1900
Telephone (966-1) 233-3111

Syria

C!O Contact
Onan International Ltd.
Fax: (44-1304) 610444
Telephone: (44-1304) 610450

Turkey

CIO Hamamaoglu Muessesderi
Tipret TA.S.
Qndustrial Only)
Fax: (90-212) 2467406
Telephone: (90216) 3943a511?J3

O Tatko
Istanbul
(Marine Only)
Fax: (90-212) 2671714
Telephone (96-212)
2743350/267D831

United Arab Emirates

CIO Bhatia Bros.
Dubai
Fa~c (971) 268339
Telephone: (971-~)
zsn2srzs~an

Yemen, North

C/O Zubieri T2ding Co.
Sanwa
Telex: 2285
Fa~c (967-2) 45838
Telephone: (967-2) 79149,44400

North Asia
North China

C/O Cummins Corp. Beijing
Branch(CCBJ)
China World Trade Ctr.
Beijing
Fax: (8070) 6505-0055
Telephone: (86-10) 6505-0657

C/O Cummins Engine (Beijing) Co.
Ltd. (CEBJ)
Beijing
Fax: (86-10) 6786-2285
Telephone: (86-70) 6786-2258

CIO GFC (HK)
Shanghai
Fax: (86-21)64710024
Telephone: (86-21)64371611

v Tiiiex Equipment ~riKj Lid.
Beijing
Fax: (ss-~o) saga asst
Telephone: (8Cr10) 6424 8862
E Mail: jialigs~ihw.GOm.cn

C/O Cummins Engine (Beijing) Co.
Ltd.
Shanghai
Fax: (86-21)64260660
Telephone: (8021) 64280667 -
64280665

O Tritex Equipment (H.K) Ltd.
Shanghai
Fax: (8CY21) 6357 9196
Telephone: (86-21) 6357 9198
E Mail: tritex(dlpublic.sta.netcn

South China

C/O Cummins Engine H.K. Ltd.
Hong Kong
Fax: (852) 2687-3552
Telephone: (852) 2606-5678

O Yip Shing Engineering Co. Ltd.
Hong Kong
Fax: (852) 2477-8180
Telelphone: (852) 2479-9386

O Tritex Equipment (HK) Ltd.
Kwun Tong, Kowloon, Hong Kong
(Mobile PrvducLS)
Fax: (852) 2341 3329
Telephone: (852) 2343 1830
E Mail: bc1607(~netvigator.com

O Tritex Equipment (HIq LW.
Guangzhou
Fax: (8&20) 8136 0955
Telephone: (86-20) 8136 0955
E Mail:
gztritex@publia.gzgdpta.netcn

Hong Kong

O Tritex Equipment (HFQ Ltd.
Hong Kong (Mobile Products)
Faz: (852) 2341 1830
Telephone: (852) 2343 3329

CIO Cummins Engine (H.K) Ltd
Hong Kong
Fax: (852) 26873552
Telephone: (852) 2606-5678

Japan

O Communiption Saenee
COrpord6on
Tokyo
Fax: (81-3) 5261-9353
Telephone: (81-3) 5229-7206

F-118A 4/98



O C.S.C. (Communications Science
Corp.)
Nagoya
Fax: (81-52) 202-1354
Telephone: (81-52) 231-6381

O C.S.C. (Communications Saence
Corp.)
Osaka
Fax: (81~) 222-1761
Telephone: (81~) 203-7841

CIO Cummins Diesel Sales
Corporation
Cummins North Asia Office
Chuo-ku, Tokyo 104
Fax: (81-3) 5562-5485
Telephone: (81-3) 5562-5531

Korea

C/O Cummins Diesel Sales &Service
Soecho--long, Seocho-Ku
Seoul
Fax: (82-2) 3452-0253
Telephone: (82-2) 3453-8506-8

Macau

C/O Cummins Engine (H.K.) Ltd.
Fo Tan, N.T., Hong Kong
Telex: 35623 CDSAS HX
Fax: (852) 2691-1641,2687-3552
Telephone: 26005678

Taiwan

C/O Cummins Corp.
Taipei
Fax: (886-2) 2503-8441
Telephone: (886-2) 2315-0891

C/0 Solomon Tech.
Taipei
Fax: 686 2 27888001
Telephone: 886 2 27888989

O Tritex Equipment Pte. Ltd.
Taipei (Mobile Products)
Fax: (BBC~2) 2756-2611
Telephone: (886-2) 2729-0754

0 Tritex Equipment Pte. Ltd.
Koasiung (Mobile Products)
Fax: (886-7) 321-3835.
Telephone (866-7) 316-4765
E Mail: tritex~ksts.seed.net.tw

C/O GFC Ltd.
Taipei
Fax: (BB6-2) 2563-9767
Telephone: (6802) 2551-~ 166

South 8~
S.E. Asia
Bangladesh

C/O Equipment 8 Engineering Co.
Ltd.
Dhaka
Telex: 642461 BEATCH
Fax: (880-2) 956-4333
Telephone: (882) 955-4357
955-4060

Cambodia

CIO Scott &English (Cambodia) Ltd
Phnom Penh
Kingdom oT Cambodia
Fax: (8523) 723741
Telephone: (B55-23) 723741

India

C!O Cummins India Ltd.
Pine
Fax: 91-21237125
Telephone: 91-212-336435

Indonesia

CIO PT AIIVak 1978
Jakarta
Telex: 47760 ALLTRAK IA
Fex: (62-21) 7361977/

7363302
Telephone: (62-21) 7361978

LAO

Diethelm & Co. Ltd.
Vetiane
Fax: (856-21) 213423
Telephone: (856-21) 216231,

218211

Malaysia

CIO Scott &English (M) SDN BHD
Kuala Lumpur
Telex: 30296 CUMKUL
Fax: (603) 703-5122
Telephone: (603) 705-1111

Maldives

O Tntex
Equipment (Pte) Ltd.
Telex: 35113 TAISCO RS
Fax: (65) 7601728
Telephone: (65) 7600888

Myanmar
C/0 Myanmar Scott &English Co. Ltd

Myanmar
Telex: 21250
Telephone: (95-1) 524596

C/O Multilink InYI. Co. Ltd.
Yongon, Myanmar
Fax: (95-1) 681 813
Telephone: (95-1) 6B1 753

Philippines

C/O Power Systems, Inc.
Manila
Telex: 4236 PSI MKT
Fax: (63-2) 531-1953
Telephone: (63-2) 531-5448,

531-2986,531-1945
Singapore

0 Tritex Equipment (Pte) Ltd.

Singapore
Telex: 35113 TAISCO RS
Fex: (65) 7607728
Telephone: (65) 7600688

E Mail: trftex~pacfic.netsg

C/O Cummins Engine (Singapore)
PTE Ltd.
Telex: 21363 CUMSING

RS
Fax: (65) 261-2405
Telephone: (65) 261-3555
E Mail: cspi~sing.cummins.com

Sri Lanka

C!O Trade Promoters Ltd.
Colombo
Telex: 22671
Fax: (94-1) 575556
Telephone: (94-1) 573927

574651

E Mail: tpl@eureka.lk

Thailand

CIO Diethelm & Co Ltd
Bangkok
Telex: 20247 DITHELM TN
Fax: (6C~2) 255560
Telephone: (66-2) 254-4900

E Mail: dGeng~loxinfo.co.th

vetnam

C/O Diethelm & Co. Ltd. Engrg.
Ho Chi Minh City
Fax: (84-8) 8231-177
Telephone: (84-8) 8294-102,
8294-103

C/O Diethelm & Co. Ltd.
Hance
Fax: 84~~318492
Telephone: 84-4-8318495/6!7

South America

Argentina

O Baron, S.R.L. (Marine Only)
Buenos Aires
Fa~c: (54-1) 74fr1696
Telephone: (54-1) 746-9600

O SullairArgentina SA.
Buenos Ails
Fax: (54-1) 303--0626
Telephone: (54-1) 303-3570

303--0621, 301-0023
Bolivia

C/O Dicsa Bolivia SA.
LaPaz
Fax: (5972) 8112461
Telephone: (5912) 432060

C/O Maquinarias Automotoresy Serv.
LaPaz
Fax: (5912) 322550
Telephone: (5912) 379650,

366394

Brazil

0 Hanseatip Estaleiras Ltda.
Guaruja~P. (Marine Only)
Fax: (55-133) 552212
Telephone: (55-133) 557030

O EI Capitan
O.R.De Oliveire & Cia..Ltda.
Manaus

' Fax: (55-92) 232753
(55-92) 622-4242

Telephone: (55-92) 234-0589

O Stemac S/A
Porto AlegreJRS
Fax: (5551) 3371010
Telephone: (5551) 3422822,
3373500

Chile

C/0 DisVib Cummins Chile SA.
Santiago
Fax: (56-2) 671-7211
Telephone: (56-2) 698--2113

Colombia

C/0 Cummins de Colombia S.A.
Bartanquilla
Fax: (5753) 474090, 473111
Telephone: (5753)
34752551/3473111

CIO Cummins API Ltd.
Bogota
Fax: (57-1) 627-659D
Telephone: (57-1) 258-2051

C!O Cummins De Los Andes S. A.
Bogota
Fax:57i-228-2983
Telephone: 571-440-7645

CIO Cummins API. Ltda
Bupramanga
Fax: (57-76) 468061
Telephone: (57-76) 468060

C/0 Equipos Tecnicos Ltda.
Medellin
Fax: (57-4) 2554104
Telephone: (57~) 2554200

C70 Equipos Tecnicos Ltda. C.Q.R.
Pereira
Fax: (573) 361173
Telephone: (573) 366347

260467
CIO Equipos Technicos Ltda. C.Q.R.

Cali
Fax: 57-2-421798
Telephone: 57-2-442222

Ecuador

O Redelec Cia, Ltda.
Guayaquil
Fax: (593) 286772
Telephone: (593.4) 392330

C/O Indusur SA. Motores
Guayaquiil
Telex: 42478
Fax: (593--4) 201052
Telephone: (593-d) 201177/

CIO Rectificadora Botar, SA.
Quito
Fax: (593-2) 459-031
Telephone: (593-2)

465-176, 177

Paraguay
CIO Automotores y Maquinaria S.R.L.

Asundon
Faz: (595-21) 496706
Telephone: (595-21) 493111/

Peru
C DiCSa Pery SA

Lima
Fax: (511) 326--4954
Telephone: (511) 326-957

O Boart Longyear SA
Lima
Fax: (511) 263-0299
Telephone: (511) 263-0609

Uruguay

O Seler SA.
Montevideo
'Fax: (5982) 2095716
Telephone: (5982) 481790,

490457,426529

Venezuela
C/O Cummins MoVix C.A.

Tumero
Fax: (5844)635911
Telephone: (5844) 463-2433

South Pacific

Australia

C/O Cummins Diesel Sales 8 Service
Lansvale, New South Wales
Telex: 120830 CDSS
Fax: (61-29) 72f~9096
Telephone (61-29) 726-8211
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O Vking Diesel & Efectrics Ply. ltd. O Quin's Marirre
Mona Vale, New South Wales PoR Adelaide, South Australia
Fax: (61-29) 997161 Fax: (61~) 341-0567
Telephone: (61-2) 997 433 Telephones (61-8) 47-1277

CIO Cummins Diesel Sales &Service C/O Cummins Diesel Sales &Service
Tamworth, New South Wales Welshpool, Western Australia
Fax: (61~~ 65-54A3 Fax: (61-89) 458-2394
Telephone: (61~i~ 65-5455 - Telephone: (61-89) 458-5911

C!O Cummins Diesel Sales 8 Service CIO Cummins Diesel Sales &Service
South Grafton, New South Wales Kalgoorlie, Western Australia
Fax: (616) 42-1875 Fax: (61-90) 21-7678
Telephone: (616) 42-3655 Telephone: (61-90) 21.2588

0 Waterfront AAarine
C/O Cummins Diesel Sales 8 Service Freemantle, Western Atralia

Hexham, New South Wales Fax: (61-9) 335-3002
Fax: (61-49) 64-8616 Telephone: (61-9) 3351-3949
Telephone: (619) 64-8466

C/O Cummins Diesel Sales &Service
C/O Cummins Diesel Sales &Service Winnellie, Northern Territory

Penrith, New South Wales Fax: (61-89) 84569
Fax: (617) 29-1329 Telephaie: (61-$9) 47-0766
Tole~hnne• ~R11T ̀9-~ i~~

C!O Cummins Diesel (NZ.) Limited
C/O Cummins Diesel Sales &Service Auckland

Queanbeyan, Australian Capital Fax: (64-9) 579--8951
Tertitory Telephone: (64-9) 579-0085
Fax: (61~"i) 297-6709
Telephone: (61~) 297-3433 CIO Cummins Diesel Sales &Service

Devonport, Tasmania
C/0 Cummins Diesel Sales 8 Service Fax: (61-04) 24-2200

Campbellfield, Vctoria Telephone: (61-04) 24-8800
Fax: (61-39) 357-9916
Telephone: (61-39) 357-9200 CIO Cummins .Diesel Sales 8 Service

Lae Papua, New Guinea
O Bell 8 Orders Pty. Ltd. Fax: (11-675) 42-3803

Melbourne, victoria Telephone: (11 75) 42-3699
Fax: (61-39) 32Cr5509
Telephone: (61-39) 323088 French Polynesia

C/O Sarl NovadisC/O Cummins Diesel Sales 8 Service Papeete
Altona North, Vctoria Telephone: (689) 42-80-27,Fax: (61-3) 360-Q438 42-98-0Telephone: (61-3) 360-0800 Guam

C/O Cummins Diesel Sales &Service ~O Mid-Pac Far East, Inc.
Swan Hill, Victoria Barrigada

Fax: (61-50) 329-662 Fax: (671) 632-5167
Telephone: (61-50) 331-511 Telephone: (671) 632-5160

CIO Cummins Diesel Sales &Service New Zealand

Wodonga, Victoria C/O Mid-Pac Micronesia
Fax: (61-37) 3753520 Fax. 670-234-0476
Telephone: (61-37) 24-3655 Telephone: 670-234-0475

C/O Cummins Diesel Sales & 5ervice Saipan

Dana, Queensland C!O Mid-Pac Micronesia
Fax: (61-7) 375-3500 Fax: (670) 2340476

Telephone: (61-7) 375-3277

C/O Cummins Diesel Sales 8 Service
Calms, Queensland
Fax: (61-70) 35-1182
Telephone: (61-0) 35-1400

C/O Cummins Diesel Sales &Service
Mackay, Queensland
Fax: (61-79) Srr3917
Telephone: (67-79) 51222

C/O Cummins Diesel Sales &Service
Emerald, Queensland
Faz: (61-79) 82159
Telephone: (61-79) 82022

C/O Cummins Diesel Sales &Service
Gepps Cross, South AusUalia
Fax: (61-8) 260-3055
Telephone: (61-8) 262-5211

C/O Cummins Diesel Sales &Service
Mount Gambier, South Australia
Fax: (61-8 24-9764
Telephone: (61-8 25-6422

Onan Corporation 1400 73rd Avenue N.E., Minneapolis MN 55432
1-800-888-ONAN or 612-574-5000; International Use: Fax: 612-574-8087

Onan is a registered trademark of Onan Corporation
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Safety Precautions

Before operating the generator set, read the Opera-
tor's Manual and become familiar with it and the equip-
ment. Safe and efficient operation can be achieved
only if the equipment is properly operated and main-
tained. Many accidents are caused by failure to follow
fundamental rules and precautions.

The following symbols, found throughout this manual,
alert you to potentially dangerous conditions to the op-
erator, service personnel, or the equipment.

This symbol warns of immediate
hazards which will result in severe personal in-
jury or death.

IAwaRNiN~ 1 This symbol refers to a hazard or un-
safe practice which can result in severe per-
sonal injury or death.

caurioN This symbol refers to a hazard or un-
safepractice which can result in personal injury
or product or property damage.

FUEL AND FUMES ARE FLAMMABLE

Fire, explosion, and personal injury or death can result
from improper practices.

• DO NOT fill fuel tanks while engine is running, un-
less tanks are outside the engine compartrnent.
Fuel contact with hot engine or exhaust is a potential
fire hazard.

• DO NOT permit any flame, cigarette, pilot light,
spark, arcing equipment, or other ignition source
near the generator set or fuel tank.

• Fuel lines must be adequately secured and free of
leaks. Fuel connection at the engine should be
made with an approved flexible line. Do not use
copper piping on flexible lines as copper will be-
come brittle if continuously vibrated or repeatedly
bent.

~ Be sure -all fuel supplies have a positive shutoff
valve.

• Be sure battery area has been well-ventilated prior
to servicing near it. Lead-acid batteries emit a highly
explosive hydrogen gas that can be ignited by arc-
ing, sparking, smoking, etc..

EXHAUST GASES ARE DEADLY

• Provide an adequate exhaust system to properly
expel discharged gases away from enclosed or
sheltered areas and areas where individuals are
likely to congregate. Usually and audibly inspect
the exhaust daily for leaks per the maintenance
schedule. Make sure that exhaust man'rfolds are se-
curedand not warped. Do not use exhaust gases to
heat a compartment.

• Be sure the unit is well ventilated.

• Engine exhaust and some of its constituents are
known to the state of Cafrfomia to cause cancer,
birth defects, and other reproductive harm.

MOVING PARTS CAN CAUSE SEVERE
PERSONAL INJURY OR DEATH

• Keep your hands, clothing, and jewelry away firom
moving parts.

• Before starting work on the generator set, discon-
nect battery charger from its AC source, then dis-
connect starting batteries, negative (-) cable first.
This will prevent accidental starting.

• Make sure that fasteners on the generator set are
secure. Tighten supports and clamps, keep guards
in position over fans, drive belts, etc.

• Do not wear loose clothing or jewelry in the vicinity of
moving parts, or while working on electrical equip-
ment. Loose clothing and jewelry can become
caught in moving parts. Jewelry can short out elec-
trical contacts and cause shock or burning.

• If adjustment must be made while the unit is run-
ning, use extreme caution around hot manifolds,
moving parts, etc.

DO NOT OPERATE IN FLAMMABLE AND
EXPLOSIVE ENVIRONMENTS

Flammable vapor can cause a diesel engine to over-
speed and become difficult to stop, resulting in possible
fire, explosion, severe personal injury and death. Do not
operate adiesel-powered genset where a flammable va-
por environment can be created by fuel spill, leak, etc.,
unless the genset is equipped with an automatic safety
device to block the air intake and stop the engine. The
owners and operators of the genset are solely responsi-
ble for operating the genset safely. Contact your author
rized Onan/Cummins dealer or distributor for more in-
formation.
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ELECTRICAL SHOCK CAN CAUSE
SEVERE PERSONAL INJURY OR DEATH

Remove electric power before removing protective
shields or touching electrical equipment. Use rub-
ber insulative mats placed on dry wood platforms
over floors that are metal or concrete when around
electrical equipment. Do not wear damp clothing
(particularly wet shoes) or allow skin surface to be
damp when handling electrical equipmerrt.

Use extreme caution when working on electrical
components. High voltages can cause injury or
death. DO NOT tamper with interlocks.

• Follow all applicable state and local electrical
codes. Have all electrical installations pertormed by
a qualified licensed electrician. Tag and lock open
switches to avoid accidental closure.

DO NOT CONNECT GENERATOR SET DI-
RECTLY TO ANY BUILDING ELECTRICAL SYS-
TEM. Hazardous voltages can flow from the gen-
eratorset into the utility line. This creates a potential
for electrocution or property damage. Connect only
through an approved isolation switch or an ap-
proved paralleling device.

MEDIUM VOLTAGE GENERATOR SETS
(601 V to 15kV)

Medium voltage acts .differently than low voltage.
Special equipment and training is required to work
on or around medium voltage equipment. Operation
and maintenance must be done only by persons
trained and qualified to work on such devices. Im-
proper use or procedures will result in severe per-
sonal injury or death.

Do not work on energized equiRment. Unauthorized
personnel must not be permitted near energized
equipment. Due to the nature of medium voltage
electrical equipmerrt, induced voltage remains even
after the equipment is disconnected from the power
source. Plan the time for maintenance with author-
izedpersonnel sothat the equipment can be de-en-
ergized and safely grounded.

GENERAL SAFETY PRECAUTIONS

• Coolants under pressure have a higher boiling point
than water. DO NOT open a radiator or heat ex-
changer pressure cap while the engine is running.
Allow the generator set to cool and bleed the system
pressure first.

• Benzene and lead, found in some gasoline, have
been identified by some state and federal agencies
as causing cancer or reproductive toxicity. When
checking, draining or adding gasoline, take care not
to ingest, breathe the fumes, or conxact gasoline.

• Used engine oils have been iderrtified by some state
or fiederai agencies as causing cancer or reprocluc-
tive toxicity. When checking or changing engine oil,
take care not to ingest, breathe the fumes, or con-
tact used oil.

• Provide appropriate fire extinguishers and install
them in convenient locations. Consult the local fire
department for the correct type of extinguisher to
use. Do not use foam on electrical fires. Use extin-
guishers rated ABC by.NFPA.

• Make sure that rags are not left on or near the en-
gine.

• Remove all unnecessary grease and oil from the
unit. Accumulated grease and oil can cause over-
heatingand engine damage which present a poten-
tial fire hazard.

• Keep the generator set and the surrounding area
clean and free from obstructions. Remove any de-
brisfrom the set and keep the floor clean and dry.

• Do not work on this equipment when mentally or
physically fatigued, or after consuming any alcohol
or drug that makes the operation of equipmerrt un-
safe.

• Substances in exhaust gases have been idenfified
by some state or federal agencies as causing can-
cer or reproductive toxicity. Take care not to breath
or ingest or come into contact with exhaust gases.

KEEP THIS MANUAL NEAR THE GENSET FOR EASY REFERENCE
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1. Introduction

ABOUT THIS MANUAL

This manual provides. installation instructions for
the DG Series generator sets. This includes the fol-
lowing information:

Mounting Recommendations -for fastening
generator set to base and space requirements
for normal operation and service.

Mechanical Connections - Location of con-
nection pointsforfuel, exhaust, ventilation, and
cooling.

Electrical Connections — Location of electri-
cal connection points forthe control, generator,
and starting system.

Prestart — Checklist of items or procedures
needed to prepare generator set for operation.

' Initial Startup —Test complete system to en-
sure proper installation, satisfactory perForm-
ance, and safe operation. Refer to Operators
Manual for troubleshooting information.

Installation Checklist — Reference checks
upon completion of installation.

This manual contains separate DC Control Wiring
and Prestart Preparation sections for gensets using
the PowerCommand Control (PCC), the Sentinel
control or the Detector control (Figure 1-1). Refer to
the Table of Contents for specific information relat-
ing to your genset The remaining sections apply to
all versions.

This manual DOES NOT provide application infor-
mationfor selecting a generator set or designing the
complete installation. If it is necessary to design the
various integrated systems (fuel, exhaust, cooling,
etc.), additional information is required. Review
standard installation practices. For engineering
data specific to the.generator set, refer to the speci-
ficationand product data sheets. For application in-
formation, refer to Application Manual T 030, "Liq-
uid Cooled Generator Sets°.
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INSTALLATION OVERVIEW

These installation recommendations apply to typi-
cal installations with standard model generator
sets. Whenever possible, these recommendations
also cover factory designed options or modifica-
tions. However, because of the many variables in
any installation, it is not possible to provide spec'rfic
recommendations for every situation. If there are
anyquestions notanswered bythis manual, contact
your nearest Cummins/Onan dealer or distributor
for assistance.

Application and Installation

A standby power system must be carefully planned
and correctly installed for proper operation. This in-
volves two essential elements: application and in-
stallation.

Application (as it applies to generator set installa-
tions) refers to the design of the complete standby
power system that usually includes power distribu-
tionequipment, transfer switches, ventilation equip-
ment, mounting pads, and cooling, exhaust, and
fuel systems. Each component must be correctly
designed so the complete system will function as in-
tended. Application and design is an engineering
function generally done by spec'rfying engineers or
other trained specialists. Specifying engineers are
responsible for the design of the complete standby
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system and for selecting the materials and products
required.

Installation refers to the actual set-up and assem-
bly of the standby power system. The installers set
up and connect the various components of the sys-
tem as specified in the system design plan. The
complexity of the standby system normally requires
the special skills of qualified electricians, plumbers,
sheetmetal workers, etc. to complete the various
segments of the installation. This is necessary so all
components are assembled using standard meth-
ods and practices.

Safety Considerations

The generator set has been carefully designed to
provide safe and efficient service when properly in-
stalled, maintained, and operated. However, the
overall safety and reliability of the complete system
is dependent on many factors outside the control of
the generator set manufacturer. To avoid possible
safety hazards, make all mechanical and electrical
connections to the generator set exactly as speci-
fied in this manual. All systems external to the gen-
erator (fuel, exhaust, electrical, etc.) must comply
with all applicable codes. Make certain all required
inspections and tests have been completed and all
code requirements have been satisfied before certi-
fyingthe installation is complete and ready for serv-
ice.



~~"[ Pt 2. Specifications

MODEL 35 DGBB 40 DGBC 50 DGCA 60 DGCB

Engine
Cummins Diesel Series 463.9 483.9 4BT3.9 46T3.9

Generator (Standby Rating)
3 Phase, 60 Hz (Standby/Prime) 35/32 kW 40/35 kW 50/45 kW 60/55 kW
{kVA ~a 0.8 PF) (44 kVA) (50 kVA) (63 kVA) (75 kVA)

3 Phase, 50 Hz (Standby/Prime) 28/25 kW 32/29 kW 40/36 kW 50/45 kW
(kVA a~ 0.8 PF7 (35 kVA) (40 kVA) (50 kVA) (63 kVA)

Fuel Pump
Inlet Fitting Size 5/8 Inverted Flare 5/8 Inverted Flare 5/8 Inverted Flare 5/8 Inverted Flare
Return Fitting Size 0.18 O.D. Tube 0.18 O.D. Tube 0.18 O.D. Tube 0.18 O.D. Tube
Maximum Fuel Lift 5 ft. (1.525 m) 5 ft. (1.525 m) 5 ft. (1.525 m) 5 ft. (1.525 m)

Exhaust
Outlet Size 3 inch O.D. 3 inch O.D. ~ 3 inch O.D. 3 inch O.D.
Max. Allowable Back Pressure 41 inch H2O 41 inch H2O 41 inch H2O 41 inch H2O

Electrical System
Starting Voltage ~ 12 Volts DC 12 Volts DC 12 Volts DC 12 Volts DC
Battery One, 12 Volt One, 12 Volt One, 12 Volt One, 12 Volt
Cold eranking Amps 625 625 625 625

Cooling System
Capacity with Standard Radiator 5.5 Gal (21 L) 5.5 Gal (21 L) 5.5 Gal (21 L) 5.5 Gal (21 L)

Lubricating System
Oil Capacity with Filters 12 Qts (11 L) 12 Qts (11 L) 12 Qts (11 L) 12 Qts (11 L)
Oil Type*

'` Refer to Cummins engine Operation and Maintenance Manual for lubricating oil recommendations/specifications.
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MODEL 70 DGCC 80 DGDA 100 DGDB

Engine
Cummins Diesel Series 4BTA3.9 66T5.9 66T5.9

Generator (Standby Rating)
3 Phase, 60 Hz (Standby/Prime) 70/63 kW 80/72 kW 100/90 kW
(kVA ~a 0.8 PF) (88 kVA) .(100 kVA) (125 kVA)

3 Phase, 50 Hz (Standby/Prime) 62/56 kW 65/60 kW 85/80 kW
(kVA Qa 0.8 PF} {77 kVA) (81 kVA) (106 kVA)

Fuel Pump
Inlet Fitting Size 5/8 Inverted Flare 5/8 Inverted Flare 5/8 Inverted Flare
Return Fitting Size 0.18 O.D. Tube 0.18 O.D. Tube 0.18 O.D. Tube
Maximum Fuel Lift 5 ft. (1.525 m) 5 ft. (1.525 m) 5 ft. (1.525 m)

Exhaust
Outlet Size 3 inch O.D. 3 inch O.D. 3 inch O.D.
Max. Allowable Back Pressure 41 inch H2O 41 inch H2O 41 inch H2O

Electrical System
Starting Voltage 12 Volts DC 12 Volts DC 12 Volts DC
Battery One, 12 Volt One, 12 Volt One, 12 Volt
Cold Cranking Amps, 625 800 800

Cooling System
Capacity with Standard Radiator 5.7 Gal (22 L) 6.5 Gal (25 L) 6.5 Gal (25 L)

Lubricating System
Oil Capacity with Filters 12 Qts (11 L) 17 Qts (16 L) 17 Qts (16 L}
Oil Type*

Refer to Cummins engine Operation and Maintenance Manual for lubricating oil recommendations/spec'rfications.
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MODEL 125 DGEA 150 DGFA 175 DGFB 200 DGFC

Engine
Cummins Diesel Series 6CT8.3 6CTA8.3 6CTA8.3 6CTAA8.3

Generator (Standby Rating)
3 Phase, 60 Hz (Standby/Prime) 125/113 kW 150/135 kW 175/160 kW 200/180 kW
(kVA Qa 0.8 PF) (156 kVA) (188 kVA) (219 kVA) (250 kVA)

3 Phase, 50 Hz (Standby/Prime) 110/100 kW 140/125 kW 150/135 kW 175/160 kW
(kVA ~a 0.8 PF) (138 kVA) (175 kVA) (188 kVA) (219 kVA)

Fuel Pump
Inlet Fitting Size 5/8 Inverted 5/8 Inverted Flare 5/8 Inverted Flare 5/8 Inverted
Return Fitting Size Flare 0.18 O.D. Tube 0.18 O.D. Tube Flare
Maximum Fuel Lift 0.18 O.D. Tube 5 ft. (1.525 m) 5 ft. (1.525 m) 0.18 O.D. Tube

5 ft. (1.525 m) 5 ft. (1.525 m)

Exhaust
Outlet Size 4 inch O.D. 4 inch O.D. 4 inch O.D. 4 inch O.D.
Max. Allowable Back Pressure 41 inch H2O 41 inch H2O 41 inch H2O 41 inch H2O

Electrical System
Starting Voltage 12 Volts DC 12 Volts DC 12 Volts DC 12 Votts DC
Battery One, 12 Volt One, 12 Volt One, 12 Volt One, 12 Volt
Cold Cranking Amps 900 900 900 900

Cooling System
Capacity with Standard Radiator 6.8 Gal (26 L) 7.5 Gal (28 L) 7.5 Gal (28 L) 6.8 Gal (26 L)

Lubricating System
Oil Capacity with Filters 20 C7ts (19 L) 20 Qts (19 L) 20 Qts (19 L) 20 Qts (19 L)
Oil Type*

* Reter to Cummins engine Operation and Maintenance Manua/ for lubricating oil recommendations/specifications.

IMPORTANT

DEPENDING ON YOUR LOCATION AND INTENDED USE, FEDERAL, STATE OR LOCAL LAWS
AND REGULATIONS MAY REQUIRE YOU TO OBTAIN AN AIR QUALITY EMISSIONS PERMIT
BEFORE BEGINNING INSTALLATION OF YOUR GENSET. BE SURE TO CONSULT WITH LO-
CAL POLLUTION CONTROL OR AIR QUALITY AUTHORITIES BEFORE COMPLETING YOUR
CONSTRUCTION PLANS.
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3 3. Mounting the Generator Set

GENERAL
Most generator set installations must be engi-
neered so the generator set will function properly
under the expected load conditions. Use these in-
structions as a general guide only. Follow the in-
structions ofthe consulting engineer when locating
or installing any components. The complete instal-
lation must comply with all local and state building
codes, fire ordinances, and other applicable regula-
tions. Consider these requirements before installa-
tion:
• Level mounting surface
• Adequate cooling air
• Adequate fresh induction air

• Discharge of circulated air

• Discharge of exhaust gases

• Electrical connections
• Accessibility for operation and servicing

• Noise levels

• Vbration isolation

LOCATION
Generator set location is decided mainly by related
systems such as ventilation, wiring, fuel, and ex-
haust. The set should be located as near as possi-
ble to the main power fuse box.

Provide a location away from extreme ambient tem-
peratures and protect the generator set from ad-
verse weather conditions. An optional housing is
available for outside operation.

AWARNING

INCORRECT INSTALLATION, SERVICE OR REPLACEMENT OF PARTS CAN RESULT IN SE-
VERE PERSONAL INJURY OR DEATH, AND/OR EQUIPMENT DAMAGE. SERVICE PERSON-
NEL MUST BE QUALIFIED TO PERFORM ELECTRICAL AND MECHANICAL COMPONENT
INSTALLATION.
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MOUNTING

Generator sets are mounted on a steel skid that pro-
vides proper support. The engine-generator as-
sembly is isolated from the skid frame by rubber
mounts that provide adequate vibration isolation for
normal installations. For critical installations, install
vibration isolators between the skid base and foun-
dation.

Mount the genset on a substantial and level base
such as a concrete pad.

V.I~C J/Y~IIIV 1 UIGIIICICI~ Gl111i11U1GU IIIUlJI Il111C~ UUllti LU

secure the generator set skid to the floor to prevent
movement. Secure the skid using a flat washer and
a hex nut for each bolt (Figure 3-1).

ACCESS TO SET

Plan for access to the genset for servicing and pro-
vide adequate lighting around the unit.
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4. Mechanical Connections

GENERAL

The generator set mechanical system installation
includes connecting the fuel, exhaust, ventilation
and cooling systems. Before starting any type of
fuel installation, all pertinent state and local codes
must be complied with and the installation must be
inspected before the unit is put in service.

FUEL SYSTEM

Cummins engines used on DG series generator
sets normally use ASTM No. 2 diesel fuel. They will,
however, operate on attemate diesel fuels within
the specifications shown in the engine manual.

In all fuel system installations, cleanliness is of the
upmost importance. Make every effort to prevent
entrance of moisture, dirt or contaminants of any
kind. Clean all fuel system components before in-
stalling.

Use only compatible metal fuel lines to avoid elec-
trolysis when fuel lines must be buried. Buried fuel
lines must be protected from corrosion. Use a flex-
ible section of tubing (hose) between the engine
and fuel supply line to provide vibration isolation.
Refer to your generator set outline drawing for sizes
and locations.

CAUTION Never use galvanized or copper fuel
lines, fiftings or fuel tanks. Condensation in the
tank and lines combines with the sulfur in diesel
fuel to produce sulfuric acid. The molecular
structure of the copper or galvanized lines or
tanks reacts with the acid and contaminates the
fuel.

An electric solenoid valve in the supply line is ~rec-
ommended for all installations and required for in-
door automatic or remote starting installations.
Connect the solenoid wires to the battery run circuit
to open the valve during generator set operation.

INJECTOR FUEL All models require a fuel return
RETURN L1NE line from injectors to tank.

VENTED
FILL CAP CONNECT TO

AC OUTPUT
INLINE FUEL

ENGINE SCREEN

FUEL PUMP - _ - _ VENT LINE

DAY TANK FLOAT
SWITCH FILL PIPE

FUEL TRANSFER
PUMP - ELECTRIC SUPPL
MOTOR DRIVEN LINE

LARGER
OVERFLOW ;;

LINE ;;
~~
n
;~ FUEL TANK
~,,~~~
u

FIGURE41. TYPICAL FUEL SUPPLY INSTALLATION
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Supply Tank

Locate the fuel tank as close as possible to the gen-
eratorset and within the 5 foot (1.5 m) lift capacity of
the fuel pump. Install a fuel tank that has sufficient
capacity to keep the generator set operating con-
tinuously at full load for at least 36 hours. Refer to
product Specification Sheet for fuel consumption
data.

[gWARNING Fuel leaks create fire and explosion
hazards which can result in severe personal in-
jury or death. Always use flexible tubing be-
tween engine and fuel supply to avoid line fail-
ure and leaks due to vibration. The fuel system
must meet applicable codes.

L~WARNI~ Spilled fuel can create environmen-
tal hazards. Check local requirements for con-
tainment and prevention of draining to sewer
and ground water.

If the main fuel tank is installed below the lift capa-
bilities of the standard fuel transfer pump, a transfer
tank (referred to as a day tank) and auxiliary pump
will also be required. If an overhead main fuel tank is
installed, a transfer tank and float valve will be re-
quired to prevent fuel head pressures from being
placed on the fuel system components.

Day Tank (If Used)

Fuel day tanks are used when the standard engine
fuel pump does not have the capacity to draw the
fuel from the supply tank, or the supply tank is over-
head and presents problems of high fuel head pres-
sure for the fuel return.

Supply Tank Lower Than Engine: With this instal-
lation, the day tank is installed near the generator
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set and within the engine fuel pump lift capability,
but below the fuel injection system. Install an auxil-
iary fuel pump as close as possible to the supply
tank to pump fuel from the supply tank to the day
tank. A float switch in the day tank controls opera-
tion of the auxiliary fuel pump.

The supply tank top must be below the day tank top
to prevent siphoning from the fuel supply to the day
tank.

Provide a return line from the engine injection sys-
tem return connection to the day tank. Plumb the re-
turn line to the bottom of day tank as shown in Fig-
ure 4-i . Nrovide a day tank overflow line to the sup-
ply tank in case the float switch fails to shut off the
fuel transfer pump.

IAwaRNiN~ Spilled fuel presents the hazard of
fire or explosion which can resu/f in severe per-
sonal injury or death. Provide an overflow line
to the supply tank from fhe day tanl~

Supply Tank Higher Than Engine: Install the day
tank near the generator set, but below the fuel injec-
tionsystem. Use fuel line at least as large as the fuel
pump inlet. The engine fuel return (ine must enter
the day tank.

Engine Fuel Connections

Identification tags are attached to the fuel supply
line and fuel return line connections by the factory.
Flexible lines for connecting between the engine
and the stationary fuel line are supplied as standard
equipment. The flexible supply line incorporates a
fuel screen, which screens the fuel prior to the en-.
gine fuel transfer pump. Do not operate generator
set without fuel screen installed in supply line. Refer
to Specifications for the fitting sizes.



EXHAUST SYSTEM

Pipe exhaust gases to the outside of any enclosure.
Locate the exhaust outlets away from any air inlets
to avoid gases re-entering the enclosure. Exhaust
installations are subject to various detrimental con-
ditions such as extreme heat, infrequent operation
and light loads. Regularly inspect the exhaust sys-
tem both visually and audibly to see that the entire
system remains fume tight and safe for operation.

waRNiN~ Inhalation of exhaust gases can re-
sult in severe personal injury or death. Use ex-
treme care during installation to provide a tighf
exhaust system. Terminate exhaust pipe away
from enclosed or sheltered areas, windows,
doors and vents.

Use an approved thimble (Figure 4-2) where ex-
haustpipes pass through wall or partitions. Refer to
NFPA 37, Section 6-3. "Stationary Combustion En-
ginesand Gas Turbines" for accepted design prac-
tices. Build according to the code requirements in
effect at the installation site.

waRNiN~ Hot exhaust pipes can start a fire
and cause severe injury or death if improperly
routed through walls. Use an approved thimble
where exhaust pipes pass through walls or par-
t%fl0l1S.

wnRNiN~ Inhalation of exhaust gases can re-
sult in severe personal injury or death. Do not
use exhaust heat to warm a room, compartment
or storage area.

Rain caps are available forthe discharge end of ver-
tical exhaust pipes. The rain cap clamps onto the
end of the pipe and opens due to exhaust discharge
force from the generator set. When the generator
set is stopped, the rain cap automatically closes,
protecting the exhaust system from rain, snow, etc.

Use a section of flexible exhaust pipe between the
engine and remainder of exhaust system. Support
exhaust system to prevent weight applied to engine
exhaust outlet elbow/turbocharger connection.

CAUTION Weight applied to the engine mani-
fold can result in turbocharger damage. Sup-
port the muffler and exhaust piping so no
weight or stress is applied to engine exhaust el-
bow.
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Avoid sharp bends by using sweeping, long radius
elbows and provide adequate support for muffler
and tailpipe. Pitch a horizontal run of exhaust pipe
DOWNWARD (away from engines to allow any
moisture condensation to drain away from the en-
gine. If an exhaust pipe must be turned upward, in-
stall acondensation trap at the point where the rise
begins (Figure 4-3).

Shield or insulate exhaust lines if there is danger of
personal contact. Allow at least 12 inches (305 mmj
of clearance if the pipes pass close to a combustible
wall or partition.

waRHiN~ Exhaust pipes are very hot and they
can cause severe personal injury or death from
direct contact or from fire hazard. Shield or in-
su/ate exhaust pipes if there is danger of per-
sonal contact or when routed through walls or
near other combustible materials.

VENTILATION AND COOLING

Generator sets create considerable heat that must
be removed by proper ventilation. Outdoor installa-
tions rely on natural air circulation but indoor instal-
lationsneed properly sized and positioned vents for
required airflow.

Vents and Ducts

For indoor installations, locate vents so incoming air
passes through the immediate area of the installa-
tion before exhausting. Install the air outlet higher
than the air inlet to allow for convection air move-
ment.

Size the vents and ducts so they are large enough to
allow the required flow rate of air. The "free area" of
ducts must be as large as the exposed area of .the
radiator. Refer to the DG series Specification Sheet
for the airflow requirements and allowed airflow re-
striction.

Wind will restrict free airflowrf it blows directly into
the air outlet vent. Locate the outlet vent so the ef-
fects of wind are eliminated. See Figure 4-4.
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Dampers

Dampers or louvres protect the generator set and
equipment room from the outside environment.
Their operation of opening and closing should be
controlled by operation of the generator set.

In cooler climates movable or discharge dampers
are used. These dampers allow the air to be recircu-
lated back to the equipment room. This enables the
equipment room to be heated while the generator
set engine is still cold, increasing the engine effi-
ciency.

Radiator Set Requirements

Radiator set cooling air is drawn past the rear of the
set by a pusher fan that blows air through the radia-
tor (Figure 4-5). Locate the air inlet to the rear of the
set. Make the inlet vent opening 1-1/2 times larger
than the radiator area.

Louvers and screens over air inlet and outlet open-
ingsrestrict air flow and vary widely in performance.
A louver assembly with narrow vanes, for example,
tends to be more restrictive than one with wide
vanes. The effective open area specified by the lou-
ver or screen manufacturer should be used.

Locate the cooling air outlet directly in front of the ra-
diatorand as close as possible. The outlet opening
must be at least as large as the radiator area.
Length and shape of the air outlet duct should offer
minimum restriction to airflow.
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Attach a canvas or sheet metal duct to the air outlet
opening using screws and nuts so duct can be re-
moved for maintenance purposes. The duct pre-
vents recirculation of heated air. Before installing
the duct, remove the radiator core guard.

Remote Radiator Cooling (Optional) substitutes
a remote mounted radiator and an electrically
driven fan for the set mounted components. Re-
moval of the radiator and the fan from the set re-
ducesnoise levels without forcing dependence on a
continuous cooling water supply. The remote radia-
tor installation must be completely protected
against freezing.

Remote radiator plumbing will vary with installation.
Follow recommendations given in Application Man-
ual T 030. See product Specification sheet for fric-
tion head and static head limits.

Before filling cooling system, check all hardware for
security. This includes hose clamps, capscrews, fit-
tings and connections. Use flexible coolant lines
with heat exchanger or remote mounted radiator.

Water Jacket Heater (Optional)

An optional water jacket heater can be installed to
keep the engine warm for starting under adverse
weather conditions. Connect the heater to a power
source that will be on when the engine is NOT run-
ning.
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5. DC Control Wiring

CONTROL WIRING

The generator set accessory box (Figure 5-1),
which is located on the backside of the control hous-
ing, contains connection points for remote control
and monitor options.

A CAUTION Stranded copper wire must be used
for all customer connections to the Accessory
Box. Solid copper wire may break due to genset
vibration,

TB1 REMOTE MONITOR/CONTROL
CONNECTIONS

Customer monitor/control connections are at-
tached toterminal block TB1 (Figure 5-1). Optional
equipment such as a remote annunciator panel,
sensing devices used to monitor genset operation,
remote start/stop switches, control box heater, bat-
terycharger, etc. are attached to TB1. Refer to PCC
Customer Connections diagram in Section 12.

TB1 Wiring

A CAUTION Always run control circuit wiring in
a separate metal conduit from AC power cables
to avoid inducing currents that could cause
problems within the control.

PCC)

5-1

Digital Connections: Connection points, other
than relayed outputs, network, switched B+and B+
are considered digital connections to terminal strip
TB1. The type/gauge wire to use for these connec-
tions are:

• Less than 1000 feet (305m), use 20 gauge
stranded copper wire.

• 1000 to 2000 feet (305 to 610m), use 18 gauge
stranded copper wire.

Relay Connections: Due to the wide variety of de-
vices that can be attached to the relay outputs of
TB1, the electrical contractor must determine the
gauge of the stranded copper wire that is used at
this installation site. Refer to PCC Customer Con-
nections diagram in Section 12 for the relay
specfications.

Network Connections: Refer to Onan 900-0366
PowerCommand Network Installation and Opera-
fionmanual for thetype/gauge wire to use for these
connections.

Switched B+: (Fused at 10 amps.) Same as Relay
Connection description.

B+: (Fused at 20 amps.) Same as Relay Connec-
tion description.

>--
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FIGURE 5-1. ACCESSORY BOX

The optional run relays are rail mounted inside the relays are energized when the generator set reach-
accessory box (Figure 5-1). The rail mount allows es operating speed.
you to easily remove and replace the snap-on re-
lays. The generator set can be equipped with one, The contacts are rated:
two or three run relays. 

. 10 amps at 28 VDC or 120 VAC, 80%PF
The three-pole, double-throw run relays (Figure . 6 amps at 240 VAC, 80%PF5-2) are used to control auxiliary equipment such as
fans, pumps and motorized air dampers. The run • 3 amps at 480/600 VAC, 80%PF
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FIGURE 5-2.OPTIONAL RUN RELAYS (K11, K12, K13)
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ALARM RELAY (K14)

The optional alarm relay is rail mounted inside the
accessory box (Figure 5-1). The rail mount allows
you to easily remove and replace the snap-on relay.

The three-pole, double-throw alarm relay (Figure
5-3) is often used to energize warning devices such

as audible alarms. Any generator set warning or
shutdown will energize the alarm relay.

The contacts are rated:

• 10 amps at 28 VDC or 120 VAC, 80%PF

• 6 amps at 240 VAC, 80%PF

• 3 amps at 480/600 VAC, 80%PF

i

~ 7K14
T .~ 4

8K14 
~2

CUSTOMER
CONNECTIONST 

5

3

' LK14 9

~ ~ 6

K14
COMMON ALARM

OOO NO
000 NC

3 2 I

6 5 4
9 8 7

A40-TB1-8 B A COIL A40-TB1-4
(COM ALARM) COM ~B')OO O D

FIGURE 5-3.OPTIONAL ALARM RELAY (K14)
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6. DC Control Wiring (Detector Control

CONTROL WIRING

The generator set control panel box contains con-
nection points for remote control and monitor op-
tions. These connection points are located on the
engine control monitor board (ECM), the time-delay
module and the optional auxiliary relay board
(ARB). (Note that if the optional ARB is installed, no
remote monitor connections are attached to the
ECM. The ARB provides all remote monitor con-
nection points.)

CAUTION Stranded copper wire must be used
for al! customer connections to the control pan-
e/box. Solid copper wire may break due fo gen-
set vibration.

The type/gauge wire to use for these connections
are:

6-1

• Less than 1000 feet (305m), use 18 gauge
stranded copper wire.

• 1000 to 2000 feet (305 to 610m), use 16 gauge
stranded copper wire.

CAUTION Always run control circuit wiring in
a separate meta! conduit from AC power cables
to avoid inducing currents that could cause
problems within the control.

WARNING HAZARDOUS VOLTAGE Touching
uninsulated high voltage parts inside the con-
tro/panel box can result in severe personal inju-
ry or death. Confro/ wire installation must be
done with care to avoid touching uninsu/ated
live parts.

For your protection, stand on a dry wooden p/at-
form or rubber insulating mat, make sure your
clofhing and shoes are dry, remove jewelry and
use tools with insulated handles.



ENGINE CONTROL MONITOR BOARD
(ECM-A11)

The heart of the engine control system is the engine
monitor (A11). It is a printed circuit board assembly
mounted on the back wall of the control box (Figure
6-1). It starts and stops the engine in response to
the control panel switches, engine sensors and re-
mote control signals.

Remote Monitor Connections

The Detector control provides the capability of at-
taching aremote monitor panel. Connections are
made on the terminal blocks TB1 and TB2 located
on the ECM board. A detailed connection diagram
for the ECM board is provided in Section 12. (If the
optional ARB is installed, remote monitor connec-
tions attach to the ARB, not the ECM.)

Remote Start Connections

Connect remote start switch between A11-TB1-9
(B+) and A11-TB1-6 (RM~.

Function Selection Jumpers

The ECM board has six selection jumpers that can
be repositioned to provide the following timed or
non-timed warnings or timed or non-timed shut-
downs with warnings:

W7 (12 light only) Jumper Position (jumper W8
must be in the B position):

A Non-timed warning under FLT 2 condi-
tions.

B (12 light only) Non-timed shutdown under
FLT 2 conditions.

C Timed warning under FLT 2 conditions.

D Timed shutdown under FLT 2 conditions.

W2 Jumper Position (jumper W9 must be in the B
position):

A Non-timed warning under FLT 1 condi-
tions.

B Non-tinned shutdown under FLT 1 condi-
tions.

C Timed warning under FLT 1 conditions.

D Timed shutdown under FLT 1 conditions.

W6 Jumper Position:

~► ~ vvaming under Pre-'riign engine Tem-
perature conditions.

B Shutdown under Pre-High Engine Tem-
perature conditions.

W7 Jumper Position:

A Warning under Pre-Low Oil Pressure
conditions.

B Shutdown under Pre-Low Oil Pressure
conditions.

W8 (12 light only) Jumper Position:

A Warning while running or during standby
under FLT 2 conditions.

B Allows selection of functions with W1
jumper.

W9 (12 light only) Jumper Position:

A Warning while running or during standby
under FLT 1 conditions.

B Allows selection of functions with W2
jumper.
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AUXILIARY RELAY BOARD (OPTIONAL)

The following describes the design/functional crite-
riafor the auxiliary relay board (ARB) with a Detec-
torcontrol. The board is mounted directly on top of
the ECM using standoffs and has access holes for
the fuses located on the ECM. A detailed connec-
tion diagram for the ARB is provided in Section 12.

Terminal Blocks:

• TBi — ARB TB1 and engine monitor TB1 are
identically numbered and provide the same re-
~iic7ie t;U~~i~Ui cvnneC[i0n pOIf1iS. IVOi@ Tn3t 8C~C11-
tional terminals are provided for terminals 5, 7,
and 10 of ARB TB1.

TB2 through T65 — Connection points for re-
lays K1 through K3. TB2 provides the N/O and
N/C connections (three form ̀ C' contacts for
each relay). TB3 through TB5 provide the com-
mon connection points (T63 for K1, TB4 for K2
and TB5 for K3).

• TB6 and T67 — Connection points for fault re-
lays K4 through K15. Three terminals are pro-
vided for each relay, which are labeled COM,
N/C, N/O.

Plug-ln Relays (K7, K2, K3): The ARB can be
equipped with one to three 3-pole, double-throw re-
lays. These relays (K1, K2, K3) are field changeable
plug-in relays for easy field addition and replace-
ment.

Each relay can be operated as a RUN, COMMON
ALARM, or ISOLATED COIL with the changing of a
jumper.

The relay contact ratings are:

• 10 amps at 28 VDC or 120 VAC, 80% PF

• 6 amps at 240 VAC, SO% PF

• 3 amps at 480 VAC, 80% PF

Jumper Positions for Plug-In Relays: Jumpers
W1, W2 and W3 perform the same functions for
their respective relays, W 1 for relay K1, W2 for relay
K2, and W3 for relay K3. They can be located in any
of 3 positions (A, B, C) independently of each other.

6-4

• Jumper Position A (Run) —The relay oper-
ates as a Run relay, energizing when SW B+ is
applied from the engine monitor.

• Jumper Position B (Common Alarm) —The
relay operates as a Common Alarm relay. The
relay energizes any time there is an engine
shutdown.

• Jumper Position C (Isolated) —The relay op-
erates as an Isolated relay. The relay coil is en-
ergized by a customer applied B+ signal
ii'ii vuyi i ii12 iGi i i ~iii3i uiu~;K; ~3- i iU~. feiSy ~l i ,

TB4-1 for relay K2, and T66-1 for relay K3.

Jumpers W11, W12, and W13 perform the same
functions for their respective relays; W11 for relay
K1, W12 for relay K2, and W13 for relay K3. They
can be located in two different positions (A, B) inde-
pendently of one another.

Jumper Position A —The relay operates iso-
lated from the board. The customer provides
the circuit completion through terminal block;
TB3 for relay K1, TB4-5 for relay K2, and TB6-5
for relay K3. The customer can operate the re-
laywith switched ground logic or use this relay
in the middle of more complex logic circuits if
needed.

• Jumper Position B —The relays operate with
the coils connected to ground through the
board connections. The coil will require a B+
signal to energize with the jumper in this posi-
tion.

Fault Relays (K4 through K15): These relay mod-
ules are used to operate a remote alarm annuncia-
torthat has an independerrt power source. This al-
lowsthe use of either AC or DC for alarm drives. The
relays are energized through the latching relays on
the engine monitor and provided N/O and N/C con-
tacts for each external alarm connection.

The 12 relays with form 'C' contacts are rated:

• 10 Amp, 120. VAC

• 10 Amp. 30 VDC
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TIME-DELAY MODULE (A15) (OPTIONAL)

The start delay module is adjustable from 5 to 15 se-
conds and the stop delay from 3d seconds to 30
minutes. Tum the delay adjusting potentiometers
clockwise to increase delay and counterclockwise
to decrease delay.

❑~

~ ~ ~n

~ '- ~.\- ~

6

o a
0 0
D O
~ o
D D

1 2 3

IO

PRIMARY START DISCONNECT
A11 -T61-2

SECONDARY START-DISCONNECT
(A11 -TB1-3

B- (A11 - T61-5

Remote Control Connections

Remote control connections are made at the termi-
nai block (TB1) that is located on the time-delay
module (Figure 6-3). Connect one or more remote
switches across the remote terminal (TB1-5) of the
time-delay module and the B+terminal of the ECM
(A11).

START DEL4Y STOP DELAY
POTENTIOMETER POTENTIOMETER

,-B,
4 5 6

~_J

RUN SIGNAL OUT (A11 - T67-6

RUN SIGNAL IN (REMOTE
START/STOP CONTROL

B+ (A11 - T61-7)

FIGURE 6-3. PREHEATlTIME-DELAY MODULE
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7. DC Control Wiring (Sentinel Control

CONTROL WIRING

The generator set control panel box contains con-
nection points for remote starting and switched B+
connections. Connections are made on the terminal
block (TB1) located inside the control box (Figure
7-1).

Connect a remote switch across remote terminal
(T61-4) and B+ (TB1-3) for remote starting.
Switched B+ auxiliary power is available when the
generator set is running. When connecting custom-
er accessories to the 12 volt B+ auxiliary terminals
(TB1-1 & 2), do not exceed the following current lev-
els:

• 7 amps maximum with electronic governor.

• 12 amps maximum without electronic gover-
nor.

If the distance between the genset and the remote
station is less than 1000 feet (305 m), use 18 gauge
stranded copper wire. If the distance is. 1000 to 2000
feet (305 to 610 m), use 16 gauge stranded copper
wire. Always run control circuit wiring in a separate
metal conduit from AC power cables to avoid induc-
ing currents that could cause problems within the
control.

WARNING HAZARDOUS VOLTAGE Touching
uninsulated high voltage parts inside the con-
tro/panel box can result in severe personal inju-
ry or deafh. Control wire installafion must be
done with care to avoid touching uninsulated
live parts.

For your protection, stand on a dry wooden plat-
form or rubber insulating mat, make sure your
clothing and shoes are dry, remove jewelry and
use tools with insulated handles.

CONTROL BOX

TB1

5 GROUND

4 REMOTE

3 B+

2 SWITCHED B+

1 SWITCHED B+ O
0

'LJ 0

~ ~~e~
~e 

.e~~ 
,y

a e ~(/

~4

TB1

FIGURE 7-1. REMOTE CONTROL CONNECTION POINTS
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8. AC Electrical Connections

GENERAL

This section provides the procedure that is used to
connect the AC electrical system of the genset.

Disconnect the battery charger and the battery
cables (negative [-] first) to prevent accidental start-
ing while working on the set.

CAUTION Always disconnect a battery
charger from its AC source before disconnect
ing the battery cables. Otherwise, disconnect-
ing the cables can result in voltage spikes high
enough to damage the DC control circuits of the
set.

wnRNiN~ Accidental starting of the generator
set while working on it can cause severe per-
sonal injury or death. Prevent accidental start-
ing bydisconnecting fhe starting battery cables
(negative [-] first).

Make certain battery area has been well-venti-
latedbefore servicing battery. Arcing can ignite
explosive hydrogen gas given off by batteries,
causing severe personal injury. Arcing can
occur when cable is removed or re-attached, or
when negative (-) battery cable is connected
and a tool used to connect or disconnect posi-
tive (+) battery cable touches frame or other
grounded meta! part of the set. Always remove
negative (-) cable first, and reconnect it last.
Make certain hydrogen from battery; engine
fuel, and other explosive fumes are fully
dissipated. This is especially important if
battery has been connected to battery charger.

8-1

WARNING Each of the operations described in
this. section should be done only by persons
trained and experienced in electrical mainte-
nance. Improper procedures may result in
property damage, bodily injury or deafh.

Connecting the genset AC electrical system in-
volves

• Installation of transfer switch (standby service
only)

• Generator voltage connections

• Laad connection

• Standard and optional AC equipment connec-
tions (e.g., control box heater, coolant heater,
etc.).

Local regulations often require that wiring connec-
tions be made by a licensed electrician, and that the
installation be inspected and approved before op-
eration. All connections, wire sizes, materials used,
etc. must conform to the requirements of electrical
codes in effect at the installation site.

AWARNING Improper wiring can cause a fire or
electrocution, resulting in severe personal inju-
ry ordeath and/or property and equipment dam-
age.

Before starting the genset, verify that all electrical
connections are secure, and that all wiring is com-
plete. Replace and secure any access panels that
have been removed during installation. Check that
the load cables from the genset are properly con-
nected.

WARNING Backfeed to utility system can
cause electrocution or property damage. Do not
connect to any building electrical system ex-
cepf through an approved device and after
building main switch is opened.



TRANSFER SWITCH

If the installation is for standby service, a transfer
switch must be used for switching the load from the
normal power source to the genset (see Figure 8-1).
Either a manual or automatic transfer switch maybe
used. Follow the installation instructions provided
with the transfer switch when connecting the load
and control wiring.
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FIGURE &1. TYPICAL LOAD TRANSFER
FUNCTION
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AC WIRING

Generator Voltage Connections

The generator output voltage and maximum current
rating are specified on the generator set nameplate.
Line-to-neutral voltage is always the lower voltage
shown and line-to-line voltage is the higher rating.

These generators can be configured for the volt-
ages shown in the Reconnection Diagram on the
side access cover of the control housing. Most of
these voltages must be reconnected by the installer
to give the voltage required by the installation. Be-
fore shipping, the factory tests the generator set
output by connecting the generator to produce a
particular test voltage. The generator may be con-
nected at the factory to produce a specified voltage
per customer order. The installer must always
check the stator lead terminal block connections
and perform any necessary reconnect to obtain the
voltage desired.

Some generator sets are capable of producing a
wide range of voltages and connection configura-
tions, others have spec'rfic limited capabilities. Re-
fer to wiring diagram and generator voltages (from
the nameplate) when reviewing the voltage connec-
tion information and use the electrical schematic
supplied with your generator set when actually per-
forming load connections.

CAUTION Reconnecting factory connected
generator sefs to higher voltages can exceed
the voltage capability of the specific generator
windings and damage the generator. Consult
with your distributor before performing recon-
nection for a different voltage.

CAUTION Reconnecting factory connected
generatorsets to lower voltages can reduce set
ratings, and also render line circuit breakers too
small. Consult with your distributor before per-
forming reconnection for a different voltage.

Load Connections

Flexible conduit and stranded conductors must be
used for connections to take up movement of the
generator set.

All loads are connected to the generator by bolting
stranded load wires to the appropriate terminals on

&3

the generator reconnection terminal block. The ter-
minals are stamped U, V, W and N to indicate the
line and neutral connections. (Reference: U, V, and
W correspond with L1, L2 and L3; and N with LO re-
spectively).

Load Balancing

When connecting loads to the generator set, bal-
ancethe loads so the currentflow from each line ter-
minal (Li , L2 and L3) is about the same. This is es-
pecially important 'rf both single phase and three
phase loads are connected. Any combination of sin-
glephase and three phase loading can be used as
long as each line current is about the same, within
10 percent of median value and no line current ex-
ceedsthe nameplate rating of the generator. Check
the current flow from each line after connections by
observing the control panel ammeter.

Current Transformers

Current transformers (CTs) are required on gen-
sets that contain AC meters. The CTs must be
installed as noted in the following CT Installation
Requirements.

Refer to the Reconnection Diagram to identify the
output leads/phase that must be routed through
each CT, and also appropriate transformer post
selection for meter sensing leads. The transformers
are labeled CT21, CT22 and CT23 on the recon-
nection wiring diagram. (The Reconnection Dia-
gram is located on the upper side cover of the con-
trol housing.)

CT lnstallafion Requirements:

A. The CT has a dot on one side. This dot must be
facing toward the generator (conventional cur-
rent flowing into the dot). A dot is also used to
indicate pin 1 of the CT.

B. CT21 — U load leads (A phase),
CT22 — V load leads (B phase)
CT23 — W load leads (C phase)

C. Route the appropriate load wires through each
CT.

D. The CTs have dual secondaries (3 pins). The
CT secondary wire marked 1 is connected to
pin 1 of the CT. CT secondary wire marked 2/3
is connected to pin 2 for high voltage gensets or
to pin 3 for low voltage gensets. (Refer to Re-
connection Diagram.)



Grounding

The following is a brief description of system and
equipment grounding of permanently installed AC
generators within a facility wiring system. It is
important to follow the requirements of the local
electrical code.

Figure 8-2 illustrates typical system grounding for a
3-pole and a 4-pole automatic transfer switch
(ATS). In the 3-pole ATS, note that the generator
neutral is connected to the ATS and is NOT bonded
to ground at the generator. In the 4-pole ATS sys-
tem, agrounding electrode conductor and a bond-
ing jumper are used io connect the generator neu-
tral to ground. In some installations, a CT may be
required for ground fault monitoring (refer to Figure
8-2 for CT location).

TO UTILITY
SERVICE

SERVICE ENTRANCE
-- --~

~ ~
30 ~ ~~ ~

O O~N

~AWARNING Contact with electrical equipment
can result in severe persona! injury or death. It
is extremely important that bonding and equip-
ment grounding be properly done. All metallic
parts that could become energized under ab-
normal conditions must be properly grounded.

Typical requirements for bonding and grounding
are given in the National Electrical Code, Article
250. All connections, wire sizes, etc. must conform
to the requirements of the electrical codes in effect
at the installation site.

3-POLE AUTOMATIC
TRANSFER SWITCH

GENERATOR SET
r---- --~

i i
i i

I
i

4 WIRES ~ GROUND
TO LOAD

SERVICE ENTRANCE GENERATOR SET
4POLE AUTOMATIC
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FIGURE 8-2. TYPICAL SYSTEM GROUNDING ONE-LINE DIAGRAMS
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CONTROL HEATER (OPTIONAL)

A control heater (Figure 8-3) provides a means of
humidity /temperature control of the control box in-

tenor. It protects the components and ensures their
effectiveness when the generator set is subjected
to varying ambient air conditions during extended
periods of non-use.

TO ACCESSORY BOX TO 120/240 VAC SUPPLY
A4~T61-36 & 37 (DETECTOR CONTROL)

HEATER

FIGURE &3.OPTIONAL CONTROL HEATER
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COOLANT HEATER (OPTIONAL)

A coolant heater (emersion or tank} is used to keep
the engine coolant warm when the engine is shut
down. It heats and circulates the coolant within the
engine. This reduces startup time and lessens en-
gine wear caused by cold starts. It is electrically op-
erated and thermostatically controlled.

WARNING The coolant heater must not be op-
erated while the cooling system is empty or
damage to the heater will occur.

Figure 8-4 shows the heater line connections. Con-
nectthe heater to a source of power that will be on
during the time the engine is not running. Be sure
the voltage rating is correct for the heater element
rating.

THERMOSTAT ~
~ r ELEMENT

_ ~ ~~ ,,,_ __--;~--
,'~ 1

~~O O _ ~ '

fI

• -.:

~ 
I~~

+1 HEATER
` ~'__._~C PLUG

POWER
PLUG

EMEi4S10N COOLANT HEATER

e e e e
TUBE

0 o a o

~ ~ :J :J

HEATER ' ;—:~ ~

o =_ —— TUBE
POWER
PLUG — -- — --~

~!- ~ ~ 6 8

TANK COOLANT HEATER

FIGURE 8-4. COOLANT HEATER
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GENERATOR HEATER (OPTIONAL)

A generator heaters) is used to help keep the gen-
eratorfree of condensation when the generator set
is not running. During coot and humid conditions,
condensation can form within a generator, creating
flashing and shock hazards.

AWARNING Water or moisture inside a genera-
tor increases the possibility of flashing and
electrical shock, which can cause equipment
damage and severe personal injury or death. Do
not use a generator which is not dry inside and
out

Figure 8-5 illustrates the installation of two heater
elements. Connect the heaters) to a source of pow-
er that will be on during the time the engine is not
running. Be sure the voltage rating is correct for the
heater element rating.

O D

i HEATER
LEADS p~

0 0
O O

~~~ ° O

0 0 ~~

O
~o

0 0

o ' A~

O OO HEATER
A / TERMINAL BOX
~: (VIEW AA)

HEATER

FIGURE 8-5. TYPICAL GENERATOR HEATER INSTALLATION
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FUEL TRANSFER PUMP (OPTIONAL)

A fuel transfer pump and control are available as an
option when asub-base or in-skid day tank are pro-
vided. The automatic control operates the fuel
pump to maintain a reservoir of fuel in the day tank.

WARNING Diesel fuel is highly combustible.
Improper installation of this kit can lead to spill-
age of large quantities of fuel and loss of life and
property if the fuel is accidentally ignited. lnstal-
lation and service must be performed by quali-
fied persons in accordance with the applicable
codes.

Do not smoke near fuel and keep flames,
sparks, pilot lights, arcing switches and equip-
ment, and other sources of ignition well away.

CONTROL FLEXIBLE FUEL FLEXIBLE FUEL
RETURN LINE SUPPLY LINE

O 8

~ ~

m
m
B
D

0 ° ~a

o e
❑~~~o °

0
~0~~❑ m o

~~ 000
0 0 o ae0

° p o

O 
~'T1

O

O

FLOAT SWITCH FUEL PUMP FUEL FUEL FILL
ASSEMBLY AND MOTOR GAUGE CAP

FIGURE &6. TYPICAL SUB-BASE INSTALLATION
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Fuel Pump Control AC Connections

The control can be powered by 120 VAC or 240
VAC. The control is set up at the factory for connec-
tion to 240 VAC.

1. To convert the day tank controller from 240
VAC to 120 VAC, perform the following steps.

A. Remove the two jumpers between termi-
nals T61-6 and T61-7 in the control box
and connect one between terminals
TB1-5 and TB1-6 and the other between
terminals TB1-7 and TB7-8.

B. Move selector switch S103 on the control
PCB to the up position for 120V.

C. If the control is equipped with a trans-
former, remove the two jumpers between
terminals H2 and H3 and connect one be-
tween H1 and H3 and the other befinreen
H2 and H4.

2. To convert the day tank controller from 120
VAC to 240 VAC, perform the following steps.
A. Remove the jumpers between terminals

TB1-5 and TB7-6, and TB1-7 and TB1-8
in the control box and connect the two
jumpers between terminals TBy-6 and
T61-7.

B. Move selector switch S103 on the control
PCB to the down position for 240 VAC.

C. If the control is equipped with a transform-
er, remove the jumpers between terminals
H1 and H3, and H2 and H4 and connect
the two jumpers between .H2 and H3.

3 Attach a tag to the control box indicating the
supply voltage.

4 Terminals TB1-8 and TB1-5 are available for
connection of a 120 or 240 VAC electric fuel
shutoff valve rated not more than 0.5 amps.
The voltage rating of the valve must corre-
spond with the voltage utilized for the pump.
See Item 2 above.

P103-GND
P103-4

AC (240V} 
P103-WHITE

EARTH GND 
P103-3

NEUTRAL (120V) 
P103-I

AC (120/240V)

SI+ USED W/0
GND ~ TRANSFORMER

12 3 4 5 6 7 8 9 10 I I 12 13 14 15 16 17 IB 19 20 21

m ~ ~

N i ,— ~ i ~D
r ~

O O O ~~j p O M

m [~ 4] Y (n ~ Y
J5
0000000000 J4

J6
0000000000000 °

J3 °
p oo O

PCB ASSY-DAYTANK 300-3464

FIGURE &7. FUEL PUMP CONTROL TERMINAL BOARD
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9. Prestart Preparation (PCC

GENERAL

Before attempting the initial start of the generator
set, be sure to complete the Installation Checklist in
Section 11.

ELECTRICAL SYSTEM

Verify all electrical connections are secure and all
wiring is complete and inspected. Replace and se-
cure any access panels that may have been re-
moved during installation.

Battery Connections

WARNING Accidental starting of the generator
set can cause severe personal injury or death.
Make sure thaf the RuNOff/Auto switch on the
control panel is set fo fhe Off position before
connecting the battery cables.

9-1

Starting the unit requires a 12 volt battery. Connect
positive battery cable before connecting negative
battery cable to prevent arcing.

Service the battery as necessary. If an automatic
transfer switch is installed without abuilt-in charge
circuit, connect a separate battery charger. A bat-
terycharger is required when the PowerCommand
control 

is 

set to the Power On (awake) mode.

WARNING Ignition of explosive battery gases
can cause severe personal injury. Always con-
nect battery negative last to prevent arcing.

WARNING Be sure battery area has been well-
ventilated prior to servicing near if. Lead-acid
batteries emit a highly explosive hydrogen gas
that can be ignited by arcing, sparking, smok-
ing, etc.. Ignition of these gases can cause se-
vere personal injury.



PCC OPTIONS PRESTART CHECKS

All generator set configuration options are set at the
factory except for site related options, (e.g., Start/
Stop Time Delays, Cycle Crank, Customer Fault 1
and 2, etc.. The following setup procedures de-
scribe how to modify only the options that are re-
quired to complete the genset installation. Do not
modify any other menus other than the following.

The default display messages for Customer Faults
1 through 4 can be edited to display the desired fault
condition. If the default message does not repre-
sent the fault condition, contact an authorized ser-
`1:C° nonter

Adjust Menu

To adjust the start and stop delays, press the button
next to the word "ADJUST" in the Main Menu. Fig-
ure 9-1 shows a block representation of the AD-
JUST menu. After you press the button next to the
word "ADJUST" in the display, the VOLTAGE sub-
menu will appear.

As shown in the diagram, the ADJUST menu has
five submenus, including asave/exit procedure. To
move through the VOLTAGE and FREQUENCY
submenus, press the button next to the '»' to dis-
play the STOP DELAY submenu.

START DELAYsubmenu: This delay applies only
to remote starting in the Auto mode. Use the buttons
next to the "ii" and "ll" symbols to set the start delay.
The start delay adjustment range is 0 to 300 sec-
onds.

STOP DELAY submenu: This delay applies only
to remote stopping in the Auto mode. From the
START DELAY submenu, press the button next to
the "»° in the display to move to the STOP DELAY
submenu. Use the buttons next to the "'fi" and X11°
symbols to set the stop delay. The stop delay adjust-
ment range is 0 to 600 seconds.

IDLE SPEED submenu: From the STOP DELAY
submenu, press the button next to the "»" in the
display to move to the IDLE SPEED submenu. Use
the buttons next to the "it"and "11" symbols to set the
idle speed. The idle speed adjustment range is 800
RPM ±100 RPM. (Default value is S00 RPM.)
The idle speed can be adjusted only when the gener-
atorset is running in the idle mode. When~not in idle
mode, WA is displayed in RPM field.

SAVE/EX/T submenu: From the STOP DELAY
submenu, press the button next to the °»" in the
display to move to the SAVEIEXIT submenu. Select
SAVE to save your changes. At the CHANGES
SAVED submenu, select EXIT to return to the Main
menu.

If you select SAVE, the adjustments will be retained
after shutdown, and will be in effect when the set is
restarted. If you select EXIT without saving first, tf~e
adjustments wilt remain in effect until the genset is
shut down and return to the previous settings when
the set is restarted.

>-



ADJUST MENU

❑< ENGINE GEN >❑
■< ADJUST » >❑

❑< '~ VOLTAGE ❑❑< u >■

~< 1~ FREQUENCY ❑

❑< u » >■

❑< ~ START DELAY ❑
❑< 11 SEC » >■

❑< '~ STOP DELAY ❑
❑< j1 SEC » >■

❑< IDLE SPEED
❑< u RPM » >~

■< SAVE ❑ ❑ rCHANGES SAVED ❑ ❑< ENGINE GEN >❑
❑< DCIT » > ~~<~ IXfT » > < ADJUST » >❑

❑ CHANGES SAVED ❑ ❑< n VOLTAGE ❑
~<~ ocrr » > < ll » ~>p

❑< SAVE ❑ ❑< ENGINE GEN >❑
~< ~ DCIT » > < ADJUST » ~ >❑

❑< SAVE ❑ ❑< ~ VOLTAGE ❑
❑< arr » > < u >~

- - - - Indicates °OR" Condition

FIGURE 9-1. ADJUST MENU

>--
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PCC POWER ON /STANDBY MODE

CAUTION Electrostatic discharge will damage
circuit boards. To prevent this damage, always
wear a grounding wrist strap when working in-
side control box.

Set the Power On /Standby Mode switch (S5 in Fig-
ure 9-2) to the desired position.

Power On Mode: Slide the switch to the left to se-
lect the Power On (awake) mode. It is recom-
mendedthat switch S5 be left in the Power On mode
in all applications, except those where battery
of ia~r.~J.:na~. iv iivi av QiiGUi~.'.

The PCC will 'initialize the operating software and
permit operation of the menu display panel. Power
will stay on until the switch is reset to the Standby
Mode.

Standby Mode: Slide the switch to the right to se-
lect the Standby (sleep) Mode. In this mode, the
PCC operating software will be initiated by:

• moving the Run/Off/Auto switch to the Run
position,

• pressing the Self Test button,

• a remote start input signal (genset in Auto
mode), or

• any one of several ̀ wake-up" signals from ex-
temal switches.

With the switch set to Standby mode, pressing the
Self Test button will allow you'to activate and view
the menu displays without starting the generator
set. If no menu selections are made, a software tim-
erwill shut down the power after 30 seconds.

When left in the Standby Mode, and a "Warning"
signal is sensed by the PCC (for example, low
e~~yine iempj, ine coniroi wiii waive up and display
the warning message. The control will remain active
until the warning condition is corrected and the Re-
setbutton ispressed toclear the warning message.

STARTING

Refer to the generator set Operator's manual for im-
portant safety precautions and recommended pra
cedures for starting the genset and verifying proper
operation. Start the generator set and verify all en-
gine and generator gauges are displaying the cor-
rect values.

FIGURE 9-2. CABINET INTERIOR
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10. Prestart Preparation (Detector/Sentine

GENERAL

Before attempting the initial start of the generator
set, be sure to complete the Installation Checklistin
Section 11.

ELECTRICAL SYSTEM

Verify aH electrical connections are secure and all
wiring is complete and inspected. Replace and se-
cure any access panels that may have been re-
moved during installation.

Battery Connections

WARNING Accidental starting of the generator
set can cause severe personal injury or death..
Make sure that the Run/Off/Auto switch on the
control panel is set to the Off position before
connecting the battery cables.

Starting the unit requires a 12 volt battery. Connect
positive battery cable before connecting negative
battery cable to prevent arcing.

10-1

Service the battery as necessary. If an automatic
transfer switch is installed without abuilt-in charge
circuit, connect a separate battery charger.

WARNING Ignition of explosive battery gases
can cause severe personal injury. Always con-
nect battery negative last fo prevent arcing.

WARNING Be sure battery area has been well-
venfilated prior to servicing near it Lead-acid
batteries emit a highly explosive hydrogen gas
that can be ignited by arcing, sparking, smok-
ing, etc.. Ignition of these gases can cause se-
vere personal injury.

STARTING

Refer to the generator set Operator's manual for im-
portant safety precautions and recommended pro-
cedures to start the genset and to confirm proper
operation. Start the generator set and verify all en-
gine and generator gauges are displaying the cor-
rect values.
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11. Installation Checklist

GENERAL
Generator set wattage capacity is sufficient to handle maximum anticipated load:

At least 3 feet of clearance is provided around entire generator set for servicing and ventilation.

Generator set is located in an area not subject to flooding.

All operating personnel have read and are familiar with Operator's Manual.

All operators have been thoroughly briefed on correct operation and exercise procedures.

All operators have been thoroughly briefed on preventive maintenance procedures.

All operators have read and understand all Safety Precautions in Operator's Manual.

GENERATOR SET SUPPORT
Floor, roof or earth on which the generator set rests is strong enough and will not allow
shifting or movement. Observe local codes on soil bearing capacity due to freezing and
thawing.

❑ Generator set is properly supported and retained to approved base which is separate and inde-
pendent of the surface on which it sits. Vibration isolators are installed between base and set.
Supporting base is large enough -extends 12-inches all around set.

COOLING AIR FLOW

Generator set air inlet is faced into direction of strongest, prevailing winds.

Air inlet openings are unrestricted and at least 1-1/2 times larger than air outlet area.

Cooling air outlet is on downwind side of building (if not, wind barrier is constructed).

Proper. ducting material (sheet metal, canvas) is used befinreen radiator and air outlet.

DIESEL FUEL SYSTEM

Fuel tanks meet or exceed all Local, State or National codes.

Fuel lines are properly installed, supported and protected against damage.

Flexible fuel line is installed between main fuel supply line and generator set to protect
against vibration, expansion and contraction.
Strainer or fuel screen (100 to 120 mesh) is installed in the fuel supply line to protect the
fuel lift pump, day tank transfer pump or float valve seat from fuel supply tank debris.

Fuel line shutoff valves are installed to prevent fuel flow in case of leaks.

External fuel pumps are connected and operational at all times (generator set started or
shut down).

Fuel system is properly primed.

No fuel leaks are found in supply line or engine fuel system.



EXHAUST SYSTEM

Operators are thoroughly briefed on the dangers of carbon monoxide gas, preventing
the buildup of this gas in inhabited areas.

Areas around set are well ventilated. No possibility of exhaust fumes entering building
doors, windows, or intake fans.

Exhaust gases are piped safely outside and away from building.

The correct length of approved rigid pipe is connected to the generator set flexible pipe
using approved securing methods with no weight resting.on engine exhaust compo-
nents. There are no bends in flex section.

Condensation drain is provided in lowest section of exhaust piping.

❑ Exhaust piping is insulated to guard against bums to personnel.

Exhaust piping passing through walls or ceilings have approved fire-proof materials and
are in compliance with all codes.

Exhaust piping is large enough in diameter to prevent back pressure on engine.

AC AND DC WIRING

❑ Wire sizes, insulation, conduits and connection methods all meet applicable codes.

❑ AC and DC wires are separated in their own conduit to prevent electrical induction.

❑ All load, line and generator connections are proper and correct.

❑ Flexible conduit between generator set and building or surrounding structure.

GENERATOR SET PRESTART

❑ Generator set engine is properly serviced with oil and coolant.

❑ Batteries are properly installed, serviced and charged.

❑ Battery charger and engine coolant heater are connected and operational.

❑ All generator set covers and safety shields are installed properly.

❑ All fuel and coolant shutoff valves are operational.

❑ Fuel system is primed.
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TEI Engineered Products, Inc. employees work

in three (3) different operating units; Distribution,

Fabrication, and Service, each involved in the

hydraulic/electronic control industry.

Each operating unit has the expressed goal of

providing the highest level of customer service

and satisfaction available in our industry. To

that end we will provide superior technical support,

a whatever-it-takes customer service attitude,

and the highest quality components available.

The end result of our employees' effort is the

establishment of positive, long-term relationships

with our primary vendors and customer base.

l~' /
ENG~N~EAED

-..
INCORPORATED

6920 So. Jordan Rd., Suite C. •Englewood, CO 80112

(303) 693-1491 ~ FAX (303) 680-7577





Section 10

DRIVE TERMINAL



Drive Terminal

Maintenance

Frequency Maintenance Activity

WEEKLY - Bullwheel alignment
- Deflection sheave alignment

Deflection sheave bearings
- Position of arrival photo eye

MONTHLY - Drive terminal structural welds
- Guidage
- Drive carriage slide pads
- Bullwheel liner wear
- Motor tach coupling .
- Lorry frame welds
- Tension ram connections
- Motor tach coupling
- Lubricate deflection sheaves
- Deflection sheave liner wear
- Function and alignment of battery charger socket
- Mounting of impulse generator
- Test cable position switches and check hardware

AFTER 1 S' 2 MONTHS - Perform a thorough visual inspection of all structural
componets.

- Check tightness of all bolted connections.

EVERY 6 MONTHS - Check all structure nuts and bolts
- Track rope saddle
- Visually inspect track rope socket
- Deflection sheave hardware and welds.

Section iD: 1999
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Maintenance and Inspection

Structure

Check tightness of all nuts and bolts.
Visually inspect structural welds.
Inspect guidage for worn or damaged pad material and broken or missing hardware.
Inspect track rope saddle for signs of saddle wear by checking each end of saddle for
displaced liner material

Driver BullwheeUCarriage

Check carriage slide pads for wear. If clearance is greater that 1/16" per side, pad
must be replaced
Check gearbox, bullwheel and motor mounting bolts for tightness and integrity.
Inspect bullwheel liner for wear. Groove depth greater than 1/3 rope diameter is an
indication that liner needs to be replaced. Groove depth should be checked at a
location NOT in contact with the haul rope. For liner replacement procedure refer to
Line Tower section of this manual.
Visually inspect motor/gearbox coupling for integrity.
Visually inspect weldments.
Visually inspect tension ram connections and weldments.
Check haul rope alignment on bulfwheel.

Deflection Sheaves

Check tightness of nuts, bolts and hardware.
Visually inspect weldments.
Verify proper cable to sheave alignment. Sheave must be in same plane as cable and
cable must be in center of sheave liner for maximum liner life.
While lift is running, listen to sheave for indications of bearing failure.
Grease sheaves with Mobil Mobilith SHC 480 or equivalent grease.
Inspect liner for wear. Groove depth greater than 1/3 rope diameter is an indication
that liner needs to be replaced. Groove depth should be checked at a location NOT in
contact with the haul rope. For liner replacement procedure refer to Line Tower
section of this manual.

Charger Socket

Visually inspect for integrity (spring, bolts, etc.)
Verify smooth operation when cabin docks.
Check tightness of switch mounting bolts.
Verify proper function of battery charger socket. Make sure cabin contacts are making
good contact with socket contact plates. Check terminal connections.

Section l0: 1999
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Return Terminal

Maintenance

Frequency Maintenance Activity

WEEKLY - Buliwheel alignment
- Position of arrival photo eye

MONTHLY - Return terminal structural welds
- Guidage
- Bullwheel liner wear
- Inspect tension rods, including hardware and anchorage
- Lubricate deflection sheaves
- Deflection sheave liner wear
- Function and alignment of battery charger socket

AFTER 15t 2 MONTHS - Perform a thorough visual inspection of all structural
componets.

- Check tightness of all bolted connections.

EVERY 6 MONTHS - Check all structure nuts and bolts
- Track rope saddle
- Visually inspect track rope socket
- Deflection sheave hardware and welds.

Section 11: 1999
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Maintenance and Inspection

Structure

Check tightness of all nuts and bolts.
Visually inspect weldments of buliwheel frame and anchorage.
Inspect guidage for worn or damaged pad material and broken or missing parts.

Return Bullwheel

Check cable alignment.
Check guide sheave alignment.
Lubricate bullwheel with Mobil Mobilith SHC 460 or equivalent grease. Remove relief
fitting and pump fresh grease through the bearings, purging the used grease out the
relief-fitting hole until fresh grease is visible. Re-install relief-fitting. Clear the
bullwheel of personnel and equipment and run the lift for.. one complete round trip of
the cabin. Repeat the greasing procedure. (See Drawing 3038.411_)

Charger Socket

Visually inspect for integrity (spring, bolts, etc.)
Verify smooth operation when cabin docks.
Check tightness of switch mounting bolts.
Verify proper function of battery charger socket. Make sure cabin contacts are making
good contact with socket contact plates. Check terminal connections.

Section i 1: 1999
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Section 12

LINE EQUIPMENT
AND TOWERS



Line Equipment &Towers

Description

Tubular structures with attached half crossarm and saddle (see Drawings 3038.782 and
3038.783)

The purpose is to maintain the position of the haul rope and track rope, while allowing
free passage of the carriers.

Maintenance

Frequency Maintenance Activity

DAILY Check for proper alignment and correct if necessary.
Check for loose or broken parts.

MONTHLY Check saddle axle

Section 12.• 1999
Line Equipment &Towers

SADDLE: Visually inspect the saddle of any cracks and proper rope
alignment. Verify that the track rope passes freely over the saddle
during operation of lift.

SHEAVES: Check that the haul rope passes correctly in the middle
of the sheave. Adjust sheaves accordingly

SHEAVES: Check for wear on rubber lining. Replace if more than
3/4" or 20mm is wom from original surface. Check proper seating of
retaining rings.

SHEAVES: While lift is in operation, listen for unusual noises (i.e.
bearings, liners, rattles, etc.)

STEEL STRUCTURE/TOWERS/BRACKETS/CATWALKS: Check
the general exterior condition - paint, rust, loose anchor or assembly.
bolts, cracks, etc.

1



,.: EVERY SADDLE: Check the free articulation of the saddle components.
600 HRS.

CONDITION OF THE SHEAVE BEARINGS: Change if necessary.
ATTENTION: Use only the POMA sealed bearings. The quality and
quantity of grease they contain have been especially designed for
POMA to meet strict specifications.

Lubrication NOTE: Sheave assemblies must be unloaded to grease

Frequency Grease points

MONTHLY SHEAVES: The sheaves themselves are sealed bearings and
require no greasing. However, grease the outer surface when
installing to prevent rust.

SADDLES: Grease saddle bushings on main axle with Shell SHC
460 or equivalent grease. There are two grease fittings on each
saddle. See drawings 3038.782 and 3038.783 for location.

TWO TIMES Lift rope off saddles and grease saddles with Shell SHC 460 grease.
PER YEAR

EVERY All axles with grease fittings: MOBIL MOBILITH SHC 460 or
600 HRS. equivalent grease.

Section 12: 1999
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Lifting Off the Cables

The tower crossarms can be used as a hoisting tackle. See "Loads on Structures" rn
E° section 1 of this manual for appropriate rigging loads. To lift off the cable, proceed as

follows:

Use a "Tirfor" type hoisting winch or acome-along.
Use the appropriate hole in lifting gantry and mount- the dead end of
hoist to crossarm. The hole closets to tower is for haul rope. The hole
farthest from tower is for track rope. (See Figure 12-1)
To lift the track rope on tower 1 remove the knock outs (index S on
drawing 3038.782). Attach hoist to outside hole in cross arm. Wrap
appropriate slings around the cable and attach to hoist. Use a 39-1/tin
spreader bar to keep slings i.n proper position. (See Figure 12-1)
To lift the track rope on tower 2 attach hoist to outside hole in cross arm.
Wrap appropriate slings around the cable and attach to hoist. Use at a
minimum of a 55in spreader bar to keep slings in proper position.
To lift the haul rope use the inside hole on the cross arm to attach' hoist.

* Failure to follow these procedures could -result in damage to equipment
and serious injury or death to personnel.

Secf~on 12. 1999
Line Equipment B Towers
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Maintenance and Adjustment

Track Rope

Visually inspect entire length of track rope. A thorough inspection of the rope at end
connections and saddle locations is of the utmost important.

Haul Rope

Visually inspect entire length of haul rope, including a thorough inspection of the haul
rope in the truck area and including the haul rope clamps.
Lubricate haul rope. Drip or brush a very light film of castor oil onto the rope. It is best
to lubricate rope during warm weather. It is very important that the lift no run for 24
hours after the application of the castor oil.

Line towers

Visually inspect all weldments.
Check tightness of all nuts and bolts.
Check alignment of haul and track ropes.
Grease saddle axle using Shell Avania #3 or equivalent. It is necessary to unload
saddle prior to greasing. This will allow for the grease to flow around the entire
bushing.
Check sheave liner wear. If the groove in the liner is wom to a depth of 1/3 the rope
diameter, the liner must be replaced. Refer to Diagram A for relining procedure for the
200mm diameter sheave, bullwheel, and return sheaves.
Check sheave bearings. Lift haul rope off each sheave and spin the sheave listen for
any unusual noises.
Inspect track rope saddle. Look for indications of excessive surface wear. Check
tightness of mounting bolts and position of track rope straps. (See Drawings
3038.782 and 3038.783)

Section 12: 1999
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L.~ITNE~=~~~~~:~..
,~11r1A

LEITNER-POMA OF AMERICA, YNC.

March 23, 2005

Mr. 7org Ludwig
Senior Safety Engineer
State of California
Deparnneat of Industrial Relations
Tramway Unit
P.O_ Box 11227
Truckee, CA 96162

Dear Mr. Ludwig,

This letter is in re5erence to the Pacoima Dam Tram (A-80'~ and the questions conceaning the
track rope brake acijusmient and track rope sad~e retention.

'Lack Rope Bralre Adjasfmatt - I lave reviewed the ba~ake pad clearance requitement that is
outlined m the "Pacoima Aeaial Tratn~ay Operation and Maintenance Manual" (OM ma~aal) and
have revi.~ed this cl~uanc~ ~+om 3.Smm each side 7.Omm total to 2Smm each side S.Omm total

minimuta Ses the enclosed revised Section 13, Page 6A The brake pull best value was

deberminod dtaing the acceptance test. This ̀Peal" value is dii~'er~ent tbaa the theoretical
ealeulatod value and reflects fiction and other ̀ 4ea1" conditions on site. Enclosed aze the beaks
force calculations.

~'racfc Rope Saddle ~teteateon — We included calculatiaas for the retention of the track cope in

the saddles as part of the origins] subimttal packages for cefii~ication of the tramway_ Etu3osed

are copies of the submitted calculations. Furthermore, it was determ~ed by the certifying desi~

engineer, by calculation and during the load best, that the track rope retention straps were not

requmrcd fa adequate safety to derapemea~ and might even constitute a hazard far the trade rope

brake. Leiner Pama toctu~icians inspet4tlg the harnway checloed the conditioa of the retmining

straps, duu~g mot~ly service visits, and removed them as they became a problem. Leiter Poma

is now n~gtriring that all remaining track mpe t+etrntion straps moat be removed whea~everfey
interfere xith passage of the tick mpc brake. F.aclasea is nwised Section 1 Z, Page dA irmoR►ing.
the "chock position of track rope saps" roqui~ent, and revised sadd]e assembly draw~gs
US3038.782A and US3038.783A.

tar yoga n~xx~dy, wt are sending revier~ OM manual pnge9. revised drawings ~uci m~enriir~
copies ofpertinent caleularions. These will be also sent to Sam Kats and Sam Huber of LA
County I.S.D.

Sincerely,

Nelson T'usbtrg, P.E.
Manager of RED Engineering

2530 POR~HT CYCLE O~t1i~TD JUNCPION, CO B1B08 .• (970) x41.4443 BAX (9?0) 241-8023

EeBTFRN Ol~i+'[CE: P.O. BOX 35. ROUTE 100 de 107 ~ 9'POCHBItIDC~E, VT 0672 (802) 748.79b5 FA8 C8087 746-7958
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050 710
080 066

shave
devices

2 031 195
~ 200

SHEAVE OIA. 200
AND DIA. 500

Rep. 11lb. Ref.

2 031 195 ASSEMBLY
SHEAVE DIA. 200

comprising

1 2 201 604 sheave

1 2 201 482 rubber lining

2 050 110 inner circlips
dia. 52 type 7000

2 080 066 ball bearings
6 205 EE

Not shown 2 3110837 Nylon dust washers
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DIAGRAM A
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Section 13

CARRIER



Carrier

Description

One cabin with 8 sheave truck and track rope brake.

Maintenance Schedule

Frequency Maintenance Activity

EVERY TRIP Verify track rope brake system pressure.

DAILY Track rope brake: check for system leaks
Haul rope safety: Check that the pins release smoothly
and lanyard is securely attached to the haul rope.
Cabin: general inspection

.. _ 

__

MONTHLY Truck hanger: Inspect battery charging plug.
Check torque on haul rope clamps.

Track rope brake: Check oil levels
Manual activation of brake.
Pull test
Pressure switch

Cabin: Frame
Haul Rope Clamps: Verify torgtae of haul rope clamp,

trolts and cable clamps on tails of haul
rope
Visually inspect haul rope at clamps and
at bottom truck structure for broken
wires or other damage

EVERY 6 MONTHS Truck/hanger: Inspect truck sheaves
Track rope brake: Verify automatic. activation

YEARLY Truck/hanger: NDT hanger axles and thoroughly
check hanger head bushings.
Grease hanger head bushings

Cabin: Check door opening mechanism

Section 13: 1999
Carriers
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Maintenance, Inspections and Adjustments

Truck/Hanger

General Visually check hanger to truck and cabin connection for any
Inspection loose hardware and integrity of welds.

Check sheaves and rockers for complete rotation:

Check sheave liners for. wear and replace as necessary.

Hanger Axles Non-destructively test (NDT) hanger axles. The testing shall
be performed by at least a level II Examiner as specified by
the ASNT TC-1A. Any linear or transverse indication shall
be cause for rejection of an axle.

The hanger to truck axle shall be tested, both visually and
ultrasonically.

Hanger Head Grease hanger to truck connection with Aero Shell #14 or
And Bushings Equivalent. It is important that the cabin is pushed

perpendicular both directions when applying grease to allow
grease to completely lubricate the bushings. (See Figure
13-1)

Bronze
Washers

Hanger
Axle

Grease —~
Fitting

Bushings —~

Hanger

Section 73: 1999
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Charge Plug Inspect plug. Pay particular attention to wire terminations,
position of plug in socket and condition of copper
components. Make sure copper contact pads are clean and
free of foreign material.

Truck Sheaves Lift one side of each 2 rocker and check for free movement
of the sheaves. Inspect sheaves, bearings, and liners.
Replace components as needed. See the section 11 of this
manual for criteria and replacement procedures. (See Figure
13-2 )

Rockers Check for free articulation of each rocker. (See Figure 13-2)

Figure 13-2

Haul Rope Check torque of the ten M14 bolts on the clamps. Torque
Clamps value is 70 foot-pounds with clean dry threads. Follow the

pattern in figure 13-3 for tightening the bolts. Repeat pattern
until torque is achieved on all bolts. The gap between the
plates has to be consistent through out. (See Figure 13-3)

Section 73: 1999
carriers

Check clamps above truck between cables for tightness of
bolts.

Inspect rope in clamp area. Report any deformation or
failure of rope strands to Poma of America, Inc. and
cease lift operation until approved by Poma.

Figure 13-3



Track Rope Brake

System Leaks Visually check all components for external leaks. Repair
as needed.

Oil Levels Pump Unit: With brake applied, oil lever should be 1/tin
to 1 in from the top of the reservoir.

When adding or changing oil, use Mobil QTE13 or
equivalent.

Manual Activation Wth system at normal operating pressure, turn red
Of Brake handle on ball valve and verify system pressure drops to

zero and track rope brake sets correctly. (See Figure 13-
4 and Drawings 3038.768, 3038.868)

Accumlator

Dump Valve

Pressure
Gauge

Section 13: 1999
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Handle
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LEITNER-PO1~A. 0~ AMERICA, uiTC.

March 23, 2005

Mr. Jorg Ludwig
Senior Safety Engineer
State of California
Deparnneut of Industrial Relations
Tramway Unit
P.O_ Box 11227
Truckee, CA 96 ] 62

Dear Mr. Ludwig,

This letter' is in reference to the Pacaitba Dam T:sm (A-80~ and the questions concerning the

track rope brake aclju~ent and track rope saddle retecition.

Zlrack Rope Bra1~e Adjastmeat - I have reviearod the b~akc pad dea~ance requitement that is

outlined m the "Pacoima Aerial 7rarnway Opeiativn and Maintenance Manual" (OM a~a~aal) and

have revi9ed this cleuance ~+oin 3.Smm each side 7.Omm total to 2Smm each side S.Omta toil
m3nim~ua Sea the enclosed revised Sa~ioa 13, Paage 6A The brake pull best value was

dece~minad during tie acceptance test. This ̀4~ea1" ~+alue is different than the theoretical

calculatod value and reflects fiction and other ̀ 4eal" cvr~ditions on ate. Enclosed are the bEake

force calculations.

Track Rope Saddle Retention — We iaeluded calculations for the retention of the track ivpe in
the saddles as part of the original subimtLil packages for cett~i~ication of the hamaray. Enc3osed
are copies of the submitted calculations. Furthermore, it was det~ed by the certifying desi~

engineer, by calculation and dining the load test, that the track rope retention straps were not
~egiarcd fa adequate safety to dtropemrn~ and might even conatitube a hazard for the trade mpe
bralac. I.atner Patna tochnicians inspecting the tt~rnway chec]oed the condition of the rem~iaing
straps, d~au~g monthly service visits, and removed them as they became a problem. Leif Poma

is now i~oquirmg that all Temainmg track rOpC tateahon straps mu8t be removed whex~evtr fey

intitrferc Frith passage of the hack ropt braloe. F.aclosed is revised Section 1 Z, Page 4A irmoroing

the "check position of track rape s~ap~" mquiiement, and revised saddle assembly drawings

US3038.782A and US3038.7$3A

I'ar yv~a ~~dy, we are sending reviBad OM mar►ua] pnge9. mvised drawings and mscn~
copies ofpertinent calcularions. These will be also sent to Sam Kats and Sam Huber of IA

Cotmty I.S.D.

Sincerely,

Nelson Tusberg, P.E.
Manager of RBtD Engineering

2510 1~OR8'SDaBT CIItCLE CiRAaTD JUNCPION, CO 81808 (970) a41.444a FAX (970) 241-8023

EaBT~FiN OFFICE: F.O. BOX S5. ROUTffi 100 do 107 STOCgSR~3DC#E, VT 06772 (802) 748.79b5 FAR C80a) 746-7858



Brake When brake is released, the brake pads grooves should 2 ~ 5
Adjustment be centered on the track rope with a minimum of ~:~3"mm

of clearance each side. If the pad grooves are more than
an 1 /bin out of vertical alignment then replace roller
(Index P) and pads. (See Drawing 3038.868)

Slowly set the brake with the dump valve. Verify that the
brake sets property with the track rope correctly seated in
the brake pad grooves. (See Figure 13-4)

Adjustment of the brake should coincide with values
determined during pull test. To increase braking
pressure tighten nut (Index X) while backing up bolt
(Index I) with appropriate wrenches. To decrease
pressure loosen nut (Index X). (See Drawing 3038.868)

System Pressure To determine system pressure, pull test the truck and
adjust brake. Pump up the brake until 3.5mm of
clearance per side between the track rope and brake
pads is achieved. Note pressure shown on gauge. This
pressure will be the release pressure until next pull test.
If system pressure is determined to be above 5000psi the
system may not be working properly and a thorough
check of the system is needed before lift may resume
operation. Never exceed maximum pressure on
gauge.

Section 13: 1999
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Cabin

General Check for freeand proper operation of door.
Inspections Check general condition of cabin.

Check battery charger for proper charge

Door Emergency Verify that emergency release pins are fully engaged
Pins (See Figure 13-6)

Frame Carefully inspect frame and frame connections for
cracks, loose or missing hardware and integrity of safety
cables. (See Figure 13~)

Door Opening Lubricate areas noted on figure 13-6. Alight film
Mechanism brushed on is sufficient.

Lubricate spring arm at grease fitting

Release
Pin

SecSon 73: 7999
Carriers

Grease
Area

Safety
~ab~e

Figure 13-6

Grease
Fitting



ACCEPTANCE/REJECTION CRITERIA
FOR HANGERS

2.3.4.3. ANSI B77 CODE

1. qualifications for Testing Personnel

All inspectors should be at least a Level II Examiner, as specified by the American
Society of Non-Destructive Testing TC-1 A.

2. Sampling Size and Method of Obtaining the Sample

The test sampling method shall identify the parts tested to assure a rotating minimum

test sample on each lift of 10 hangers or 10% of all the total hangers per year, whichever

is greater.

3. Allowable Resection Rate and Retest Procedures

If any of the 10 or 10%, whichever is greater, is rejected, another 10 or 10%, whichever

is greater, shall be tested.

4. Types of Inspections to Be Performed and the Procedures to Be Used

- Visual inspection of every hanger once a year.
- Non-destructive testing by means of magnetic particle and/or liquid penetrant to the
critical areas per blueprint.
- Procedures for non-destructive testing shall be done according to the American
Society of Non-Destructive Testing TC-1 A.

5. Criteria for Acceptance/Resection of Samples

Welded stress parts:
- Any linear indications

Transverse indication with 1 dimension greater than 1/8 inch.
- 3 or more aligned indications with the distance betuveen being less than

1/8 inch edge-to-edge, or extending for more than 5/8 inch if this
distance is between 1/8 and 1/4 inch.

- 2 separate indications are considered as one if the distance which
separates them is less than 2 times the length of the smaller one.
The cumulative length of the indications is equal to the measured

Section 13: T999 7
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LIFT DATA SHEET

rvaME: Pacoima Tram

TYPE: Aerial Tram

LINE: Slope Length ...............................2091.57 ft. (637.51 m)
Vertical Rise ................................ 519.06 ft. (158.21 m)
Average Grade ............................25.80%

SPEED ....................................:.................400fpm (2.03 m/S)

CAPACITY ......................................................60 p/hour

NUMBER OF CARRIERS ......................................1

POWER OF
ELECTRIC MOTOR ...............................................50 HP C~ 1745 rpm

POWER OF EVAC. ENGINE ...............................25 HP ~ 3600rpm

DIAMETER OF TRACK ROPE ..............................26 mm

DIAMETER OF HAUL ROPE ................................16 mm

HYDRAULIC TENSION
TRACK ROPE RAM .................................1415 psi (98 bars )
LORRY RAM .............................................1415 psi (98 bars )

LINE GAUGE ......................................................4.10 ft. (1.25 m)

DIRECTION OF ROTATION .................................CW

ORIGIN OF PROFILE Poma of America, Inc.

PROFILE NUMBER C51013

DATE February 1998

Section 7: 1999
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i. Lift Operation

Speeds

* speed 2.03 m/sec. 400 ff/min.

` over-speed speed x 1.1 = 2.23 m/sec. 440 ff/min.

`emergency speed 0.508 m/sec. 100 ft/min.

u. Hydraulic Tension of the Cables

Track rope tension system

OPERATING PRESSURE in the ram ............................................ 98 bars (1415 psi)

LOW PRESSURE SWITCH (on the hydraulic unit)
Must trip and cause the stopping of the lift 'rf the pressure falls to:

............................................................ ....... 88 bars (1274 psi) f

This corresponds to an operating pressure decrease of 10%.

'HIGH PRESSURE SWITCH (on the hydraulic unit)
Must trip and cause the stopping of the lift if the pressure rises to:

................................................................... 108 bars (1557 psi) ~—

This corresponds to an operating pressure increase of 10%.

Haul rope tension

OPERATING PRESSURE in the rams .......................................... 98 bars (1415 psi)

LOW PRESSURE SWITCH (on the hydraulic unit)
Must trip and cause the stopping of the lift 'rf the pressure falls to:

................................................................... 88 bars (1274 psi)

This corresponds to an operating pressure decrease of 10%.

HIGH PRESSURE SWITCH (on the hydraulic unit)
Must trip and cause the stopping of the lift if the pressure rises to:

................................................................... 108 bars (1557 psi)

This corresponds to an operating pressure increase of 10%.

Section 1: 1999
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ni. Adjustment of the Bul/whee/ Brakes

* Pressure A :Braking pressure
(when the pads are in contact with the braking track) 100 bars(1450 psi)

* Pressure B: Brake clearance pressure
(the pads are not in contact with the braking track) 170 bars (2465 psi)

The brake pressures listed here are based on assumptions about shoe friction.
This friction may vary due to environmental factors such as water, ice, snow,
rust, oils or greases on the braking surface or brake shoes. These values should
be used as guidelines only. The brakes shall be adjusted to produce the holding
force listed in the Brake Test Procedures in this section.

~v. Cable Tensions and Loads

The tensions and the loads on the equipment given below are the most extreme,
considering all loading conditions.

NOTE: Releasing the hydraulic rams can reduce the tensions and loads.
ATTENTION: However, doing so makes the tensions and loads very difficult to predict.

• CABLE TENSION:

Track Rope

at the drive terminal ......................16650 daN

at the return terminal ....................18126 daN

Haul Rope

at the drive terminal ......................2280 daN

at the return terminal ....................2380 daN

• LOADS ON STRUCTURES

Track Rope Reaction

at the drive tower ..........................7386 daN

at tower 1 ......................................7691 daN

at tower 2 ......................................3628 daN

at the return tower ........................18074 daN

Haul Rope Reaction

s~tion is ~sss
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(37431 Ibs.)

(40749 Ibs.)

(5126 Ibs.)

(5350 Ibs.)

(16604 Ibs.)

(17290 Ibs.)

(8156 Ibs.)

(40632 Ibs.)

at the drive tower ..........................4259 daN (9575 Ibs.)

at tower 1 ......................................1969 daN (4426 Ibs.)

at tower 2 ......................................756 daN (1700 Ibs.)

at the return tower ........................4737 daN (106491bs.)
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v. Internal Combustion Engines

Evac Engine .......................................................... Kohler CH25

Genset................:................................................... Cummins 50KW

vi. Drive Belt Tensioning

• Electric motor (normal operation)

Motor Sprocket Teeth # .......................................... 48

Gearbox Sprocket Teeth # ...................................... 50

Belts: Number ...............1 Size........... Poly Chain 14M-1960-20

Shaft Center Distance ............................................. 25.08 in.

Belt Tension -max ............................:..................... 201.6 Ibs.

Deflection at the center of the span ........................ 0.39 in.

New Belt Installation Force .....................................20.4 {bs.

Used Belt Retensioning Force ................................17.9 Ibs

• Hydraulic motor (evacuation operation)

~, Motor Sprocket Teeth # .......................................... 48

Gearbox Sprocket Teeth # ...................................... 50

Belts: Number ...............1 Size...........Poly Chain 14M-1750-20

Shaft Center Distance ............................................. 25.94 in.

Belt Tension -max .................................................. 195.58 Ibs.

Deflection at the center of the span ........................ 0.33 in.

New Belt Installation Force .....................................19.7 Ibs.

Used Belt Retensioning Force ................................17.2 Ibs

VII. Brake Testing Values (Minimum Test Values)

Bullwheel Brakes .....................................................110 ft-Ibs.

Track Rope Brake ........................................:..........3200 Ibs.

Note: Bullwheel Brake test values are given in torque applied to the electric motor shaft.

Section 1: 1999
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VIII. HaLI/ ROpB shall comply with all provisions of ANSI B77.1, Section 7.1 or
CAN/CSA-Z98-96 and CSA-G4.

Manufacturer: Fatter

Construction: 6 z 19 Seale

Wire
King Wire ..................................... 1860 N/mmZ
Inner, Outer Wire ......................... 1960 N/mm2

Core........................................................... Polypropylene

Lay.......................................................................... Right Lang

Diameter .............................................................. 16mm +2% / -1

Strength .............................................................. 17659daN (39700 Ibs. )

Length ...............................:.................................. 4225 ft.

Lightly lubricated with Elaskon 2066.

IX. TI"c7CIC ROJ7e shall comply with all provisions of ANSI 677.1, Section 7.1 or
CAN/CSA-Z98-96 and CSA-G4.

Manufacturer: Bridon

Construction: Full Lock Aerial rope

Wire
King W ire ..................................... 1960 N/mm2
Outer Wire .................................... 1570 N/mm2
Inner Wire ............... 1960 N/mm2

Lay.......................................................................... Full lock RH

Diameter .............................................................. 26mm +2% / -1

Strength .............................................................. 64723daN (145504 Ibs. )

Length.................................................................. 2107.5 ft.

Lightly lubricated with castor oil.

x. Electric Motor

Brand .......................................................................General Electric

Framesize ............................................................... CD328AT

HP............................................................................ 50 Hp

RPM....................................................................... 1750 rpm

Voltage.................................................................. 500

Section 1: 1999
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x~. Gear Reducer

Brand....................................................................... Kissling

Model..................................................................... T-246

Ratio........................................................................ 53.97:1

Section 1: 1999
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MONTHLY BRAKE TEST' PROCEDURES

AREA :Pacoima Dam

LIFT :Pacoima Aerial Tram

CAPACITY/

SPEED : 60pph / 400fpm

CONTENTS:

I. Introduction
II. Bullwheel Brake Test
III. Brake Test Diagram
IV. Track Rope Brake Test
V. Track Rope Brake Test Diagram

THESE PROCEDURES SHALL BE PERFORMED BY TRAINED AND
COMPETENT PERSONNEL AS RE(~UIRED BY ANSI 877.1-1992,
SECTION 2.3.3.2.

Section is 1999
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i. INTRODUCTION

These procedures provide static tests of the holding power of the service brake and the emergency
brake.

These tests shall be conducted at least monthly and immediately prior to the operating season. In
the event any repairs, adjustments or mod'rfications are made to any brake system at any time, these
tests shall be successfully completed prior to opening the. lift for transportation of any person or
persons.

The intent of these procedures is to demonstrate that the brake systems will perform properly and
hold the load for which the lift was designed.

There are to be no passengers on the lift during these tests.

FAILURE TO SUCCESSFULLY PERFORM THESE TESTS MAY
RESULT IN SERIOUS INJURY OR DEATH TO PERSONS ON OR
NEAR THIS LIFT.

Section 1: 1999
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Lift Name: Pacoima Aerial Tram
Capacity/speed: 60 pph/400fpm

BULLWHEEL BRAKE TEST

Locate empty cabin at drive terminal approximately 15 inches from the docked position.

2. Open main power disconnect.

3. Turn the OPERATIONS MODE SELECTOR switch to AUXILIARY.

4. Push the RESET BUTTON.

5. Pump up the bullwheel brakes using the hand pump.

6. Apply the one buliwheel brake by opening one dump valve, and be certain the second
bullwheel brake remains released. Note: On some models of bullwheel brake pumps, it
may be necessary to manually hold the bullwheel back stop brake solenoid valve closed.

7. Set a torque wrench to 110 ft-Ibs. Position the torque wrench on the bolt on the output shaft
of the electric motor. Rotate the torque wrench and observe desired torque is attained and
the bullwheel does not move. (See Brake Test Diagram)

8. If the buflwheel brake slips, re-adjust them following the procedure in the OPERATION AND
MAINTENANCE MANUAL, then repeat the test.

9. After successfully completing this test, remove the test equipment. Prior to opening the lift
for transportation, operate the lift through a series of starts and stops to be certain that all
brake systems are operating properly. Check stopping distance.

Section 1: 1999
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ui. BULL WHEEL BRAKE TEST DIAGRAM

TORQUE
WRENCH

ELECTRIC
MOTOR
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iv. TRACK ROPE BRAKE TEST

1. Locate empty cabin at drive termind~ approximately 4-6 feet from the docked position at the
drive terminal

2. Manually set the track rope brake by opening the valve in the cabin.

3. Place acome-a-long with a dynamometer between the truck and drive tower. Make sure the
come-a-long and dynamometer are as close as possible to the axis of the track rope. Use
rigging rated at a minimum of 4,000 Ibs. (See Track Rope Brake Test Diagram).

4. Tension the set up using the come-a-long to a value of 3200 Ibs. Verify that the brake did
not slip on the track rope. Note the value given is adjusted for the angle of rope at the drive.
The test musf be preformed at the drive or the pull test value will change.

5. If the track rope brake slips prior to reaching this value, adjust brake and repeat test. (See
Carrier section of Maintenance Manual)

6. After successfully completing this test, remove the test equipment. Prior to opening the lift
for transportation, operate the lift through a series of starts and stops to be certain that all
brake systems are operating properly.

v. TRACK ROPE BRAKE TEST DIAGRAM

Section is 1999
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p~11~1A
April 15, 1999 pOMA OF AMERICA, INC.

Ms. Reem Shamma
LA County Department of Public Works
900 South Fremont Ave.
Alhambra, CA 91803-1331

Dear Reem:

Regarding operation of the Pacoima tram in winds, we offer the following. As you are aware, the
tram has been designed for operation in winds up to 67 mph. However, wind effects on aerial lifts
involve _many variables. These include wind speed, wind direction, wind exposure, gust to average
speed differences, period of gusts, lift speed and line loading. Any attempt to calculate safe wind
speeds involves so many assumptions that the results are inaccurate and possibly dangerous in fhe
sense that they create an attitude of reliance on wind speed and direction measurements at specific
points of the lift line and a chart of recommended lifts speed versus wind speed rather than visual
observation of the lift as it operates. Wind speed and direction measurements provide valuable
input to the lift supervisor's judgment of safe wind speed, but they cannot remove his/her
responsibility to operate the lift in a safe manner.

The Pacoima tram has been designed to allow 7° lateral swing, 30° longitudinal swing and the
combination of 7° lateral and 30° longitudinal swing of the carriers without contact with towers or line
equipment. The terminals can accommodate this swing at the entrance of the terminals with the

~' stabilization rail extensions. This lift has been designed to safely resist 100-MPH winds without
failure of the terminals, towers or foundations. However, many combinations of wind speed,
direction, exposure, lift speed and line loading can generate carrier swings in excess of 7°. Carrier
swing greater that 7° can cause carriers to contact towers and other equipment possibly resulting in
equipment damage or injury and/or death to passengers. Accordingly; it is the burden of the lift
supervisor to reduce speed or cease operations when conditions warrant. The following chart of
wind speed versus line speed should be used only as a general guideline. In the event of high
winds, visual monitoring of the lift line and terminals is essential to allow the lift supervisor to use
his/her judgement on safe speed and when to reduce or cease operation.

Wind Speed (MPH) Maximum Line Speed (ft./min)

0 - 30 400
30 - 35 250
35 - 40 180
40 - 67 100
Above 67 Cease Operation

If you have additional questions, please let me know.

Sincerely,

i~
R. Jefferson Smith, P.E.

cc: JF Mugnier

2510 FORESIGIiT CIRCLE (RAND JUNCTION, CO 81505 (970) 241-4442 -FAX (970) 241-3023
FAG'!'ERN OFFICE: P.O. BOX 3&, ROIITE 100 & 107, STOCHBRIDCiE, VT 05772 (802) 746-7955 -FAX (802 746-79&8



OPERATOR CONTROLS

This section describes the operator controls, fault annunciator and meters for Poma lifts.
There are control stations located at the drive and return load/unload platforms, electrical
cabinet and inside the cabin. Each station has an Emergency Stop, Normal Stop, up,
down, open door and close door. Sound powered phones and signal buttons are located
at the drive and return load/unload platforms and electrical cabinet.

EMERGENCY STOP: This button should be pressed when an emergency situation
exists. It will bring the lift to an abrupt stop by releasing the hydraulic pressure which
holds the bullwheel E-brake open and by disconnecting the power from the main electric
motor or by shutting off the fuel supply to the evac engine. It will also cause all auxiliary
motors and pumps such as the Tension Pump to shut off.

NORMAL STOP: This button will cause the lift to come to a smooth stop by using the
deceleration ramp in the DC Drive. If Evac Mode is selected, the fuel will be shut off to
the evac engine and the service brake will apply.

UP: This button will cause the lift to operate in a clockwise motion (cabin moving uphill),
unless the cabin is docked at the return. When pressed the lift will auto-reset and, if no
faults remain active, an audible bell will sound at the drive and return for three seconds.
After the alarm has sounded, the brakes will be pumped and the lift will accelerate to the
percent of full speed selected on the speed control potentiometer in drive control cabin
(full speed = 400 fpm). The cabin will travel at the selected speed until reaching the return
or until a fault/operator stop is initiated. The exception to this being when the cabin is
traveling over a tower, at which point it will decelerate to a preset speed to accommodate
a smooth ride. Note that the auto-reset process can take as long as 20 seconds and
therefore the UP button is inactive for a period of 20 seconds after being pressed.

DOWN: This button will cause the lift to operate in a counter clockwise motion (cabin
moving downhill), unless the cabin is docked at the drive. When pressed the lift will auto-
reset and, if no faults remain active, an audible bell will sound at the drive and return for
three seconds. After the alarm has sounded, the brakes will be pumped and the lift will
accelerate to the percent of full speed selected on the speed control potentiometer in
drive control cabin (full speed = 400 fpm). The cabin will travel at the selected speed until
reaching the return or until a fauldoperator stop is initiated. The exception to this being
when the cabin is traveling over a tower, at which point it will decelerate to a preset speed
to accommodate a smooth ride. Note that the auto-reset process can take as long as 20
seconds and therefore the DOWN button is inactive for a period of 20 seconds after being
pressed.

RESET: The reset button is located in the electrical cabinet on the drive platform. This
button is used to reset lift safeties. A valid reset can only occur if the lift is stopped (zero

1
Section 2: 1999
Pncoimn Operations Manua!



" T, speed detected by the PLC) and the service brake is set. If these conditions are not met
when the Reset Button is pressed, a Reset Fault will be annunciated. There is a 3-
second time delay between a reset and when the lift can be run. This time delay prevents
restarting the lift too quickly after a stop. Note that the brake position faults, which
indicate that the brakes are set, can not be reset using this button. The brakes are not
pumped until all other safeties are clear and a run command is received.

MODE SELECT: This switch selects the operating mode: Electric or Evac. Ensure the
gearbox is coupled properly.

CONTROL POWER: This key switch energizes the +24 VDC control circuits. It must be
turned on in order to run the lift.

SIGNAL: This button will sound the signal buzzers located in each load/unload area and
electrical cabinet on drive platform. It is used to initiate contact via the sound powered
phones.

PHONES: There are sound-powered phones located at the unload/load areas and in
electrical cabinet on drive platform.

LIFT SPEED METER: The lift speed is indicated in fpm (feet per minute) on the electrical
cabinet located on the drive platform. The meter also has two thumbwheels which control
the setpoints for cable tach overspeed and cable rollback.

WARNING: Only qualified personnel should adjust .the setpoints. Failure ' to
properly adjust the setpo'ints may result 

in loss of life or extensive
damage:to equipment.

CONTROL VOLTS METER: The +24 VDC control system voltage is indicated on this
meter which is located on the main drive cabinet. The normal operating range is between
23-28 VDC.

TRIP COUNTER: The trip counter registers the total number of trips. One trip is defined
as the carrier leaving the drive, docking at the return and then returning and docking at
the drive.

HOUR METER: This meter indicates total running lift hours. There is also an hour meter
located on the evac engine and genset which indicates how many hours the engine has
been running.

FAULT ANNUNCIATOR: The annunciator is located in the electrical cabinet located on

2
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the drive platform. The annunciator is a two-line VFD display, which show current faults
and lift status. The annunciator has function keys that allow the operator to select
bypasses and cheek stop distance and stop time.

Refer to the Electrical Section for a detailed explanation of how to use the fault
annunciator.

WARNING:; Use of safeties bypass may result in severe damage to equipment or
personalinjury including death.

3
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OPERATING PROCEDURES

1NTRODUCTI.ON

This lift has been designed for the uphill and downhill transportation of up to 6
passengers and light freight with a total weight capacity including passengers and freight
of 2240 Ibs. NO OTHER USE OF THIS LIFT IS PERMITTED without written consent
from Poma of America, Inc.

This installation requires operation by trained, competent and experienced personnel
operating strictly in accordance with: 1) its current design specifications, 2) its. current
operation instructions, 3) its current maintenance instructions and 4) all applicable
statutes, ordinances, rules, regulations and requirements of authorities having jurisdiction.

No safety system may be jumpered out during operation.

All required inspections and maintenance must have been performed

All required operating personnel must be at their proper position, fully trained and
experienced in all normal operation and emergency. procedures, and in a physical
condition which would not prevent his/her performance of duties.

These operating procedures are in accordance with ANSI B77.1 section 2.3 Operation
and Maintenance of reversible aerial tramways. It is imperative that operating and
maintenance personnel be familiar with the applicable provisions of this section.

Operation and maintenance of aerial ropeway equipment can be dangerous to personnel
performing these tasks. Procedures for performing these functions shall require
precautionary measures necessary to assure the safety of the personnel involved.
Implementation of the procedures intended for the protection of the public and operating
and maintenance personnel shall be the responsibility of the owner, supervisor, and the
individual worker.

Passengers and operating personnel shall be cautioned or prevented,. as required, from
transporting objects or materials that may encroach upon limitations of carrier clearances
or design live loads.

Failure to follow these instructions could result in an accident causing serious
injury to persons or serious damage to property including the lift.
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SPECIFIC INSTRUCTIONS FOR OPERATORS AND ATTENDANTS

Aerial lifts shall be operated by trained and competent personnel, and the owner shall be
responsible for their supervision and training. One or more persons familiar with
emergency procedures shall be on the site at all times when the facility is in regular
operation. All personnel shall practice good housekeeping, with particular emphasis on
avoiding the development of any condition that might contribute to personal injury.
Personnel shall comply with the operational rules and safety regulations of the specific lift.

SUPERVISOR

One individual, representing the owner, shall be in responsible charge for all operating
personnel and attendants. The supervisor shall be responsible for safe operation, and
shall have the authority to deny access to the lift to any person who, in the supervisor's
opinion, is not fit or competent to use the facilities without danger to self, others, or to the
equipment. The supervisor shall also have the authority to prohibit operation of the lift
under adverse weather or operational conditions. Although authority may be delegated to
others, the supervisor has the final responsibility.

OPERATORS

An operator shall be in charge of the lift. This operator shall be trained and experienced
in normal operational and emergency procedures.

ATTENDANTS

An attendant shall be assigned particular duties under the direction of the operator. The
attendant shall be familiar with operational and emergency procedures pertaining to this
assignment. This training shall include instruction for observation of any potentially
dangerous operational or mechanical developments within view.

CONDUCTOR

At least one passenger in the cabin during any period of tram operation shall be trained
and competent in lift evacuation procedures. The evacuation equipment must be in the
cabin and in good condition during any operation of the tram for passenger service.
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FIRST AID

One or more persons trained to administer first aid shall be available at all times when a
lift is operating and transporting passengers. There shall be ready access to first aid
supplies and equipment, including provisions for transporting an injured person to an
enclosed and, if required, heated shelter.
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MINIMUM OPERATING PERSONNEL

The following personnel are the minimum that shall be required per ANSI 677.1 section
2.3 code for reversible tramways:

An operator shall be in charge of each aerial lift.

One attendant shall be on duty ~at each loading /unloading platform

One conductor trained in evacuation procedures shall be present in 'the cabin during
operation.

An operator may serve concurrently as an operator and attendant at a loading or
unloading area that may be adjacent to the operator's station .unless the duties of that
area preclude maintaining reasonable surveillance of the entire lift operation.
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DUTIES OF OPERATING PERSONNEL

SUPERVISOR

The duties of the supervisor shall be as follows:

1) To determine that all lifts are operational and that all operating personnel are
trained, equipped and fit to perform their duties.

2} To discontinue operations of any lift due to physical, weather, personnel or other
reasons.

3) To enforce operational, maintenance and safety rules.

OPERATOR

The duties of the operator shall be as follows:

1) To assume responsible charge of the lift.

2) To assign and supervise all attendants on his/her lift.

3) To maintain an operational log book as required in later paragraphs of this section.

4) To advise the supervisor of any condition or occurrence that may adversely affect
the safety of the operation.

ATTENDANT

The duties of the attendant shall be as follows:

1) To maintain orderly passenger traffic conditions within his/her area of jurisdiction.

2) To advise and assist passengers, as required.

3) To maintain surveillance of his/her area of jurisdiction.
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CONDUCTOR

The duties of the conductor shall be as follows:

1) To be in charge of evacuation if rope evacuation is required.

2) To advise and assist passengers, as required.

The operator shall be advised of any unusual or improper occurrences. Should a
condition develop in which continued operation might endanger a passenger, the
attendant shall stop the lift immediately and advise the operator. The operator shall also
be advised of changes in weather, ground or snow surtace conditions.

9
Section 2: 1999
Pncoima Opercuiou Manuel



PRE-OPERATING INSTRUCTIONS

AFTER THE /NSTALLATlON HAS BEEN COMPLETED, THE FOLLOWING MUST BE
DONE:

1. Recheck that all structures, nuts and bolts, and electrical circuits are properly
installed and functioning, all towers aligned, and all foundations inspected.

2. Any construction materials which may have been left on towers and other
structures shall be removed.

3. All required signs -shall be installed.

4. The top and bottom terminals shall be cleaned up, circuits in place, and required
fencing in place for the loading and unloading areas.

BREAKING-lN PERIOD:

During the first week of operation, a thorough inspection should be done on the entire lift,
`~ paying attention to the following points:

1. Re-tighten all bolted connections.

2. Check alignment of all saddles and sheave assemblies.

3. Check all drive shafts and belts for alignment, lubrication and bolt torque.

4. Check and inspect the cabin truck (per Maintenance Manual).

5. Check and inspect all connections and fasteners on drive station and. return
station.

6. Check and inspect haul rope and track rope.

7. Check lubrication of all moving parts.

8. Check haul rope alignment at entrance and exit of bullwheels.

9. Check all electrical connections.
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OPERATIONAL PROCEDURES

PASSENGER CONTROL

Each lift shall have a definite method of marshalling passengers for safe loading and
unloading. Fences and gates may be required to implement the system.

FIRST AID

There shall be ready access to first aid supplies and equipment, including provisions for
transporting an injured person to an enclosed and, if necessary, heated shelter.

DA/L YPRE-OPERATIONAL INSPECTION

Prior to transporting passengers, a daily inspection shall be conducted. As a minimum,
the inspection consists of the following:

1. A visual inspection of each terminal, station and the entire length of the lift.

2. Assure that tensioning systems are functional and have adequate travel with
clearance at both ends of travel.

'~ 3. Operate all manual and automatic switches in terminals, stations and loading and
unloading areas.

A. All stop buttons
B. Start, stop and speed control switches
C. Safety gate

4. Test braking systems. Check brake adjustments.

5. Check the communication systems.

6. Check poly chain tension and alignment.

7. Check oil levels in all gearboxes.

8. Check fluid level in all hydraulic systems.

9. Check pressure and fluid levels in all braking systems.

1 Q. Run the lift, visually inspecting all ropes and the carrier.
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11. Ride up lift and check general conditions of the following:

A. Saddles-and sheave assemblies, haul rope and track rope alignment
B. Tensioning system
C. Condition of carrier

The first person riding the lift each day must be a competent and trained operator
or attendant who has a radio which can transmit to, or is in visual or voice contact
with, an operator at a control station.

This attendant should carefully observe the haul rope, track rope, cabin truck,
saddles, sheave assemblies, derail switches, signs, carrier clearance and should
listen carefully for unusual sounds. If any unusual condition is noticed, the lift must
be stopped immediately and the lift supervisor must give clearance before
restarting.

12. Inspect the cabin truck as required by maintenance instructions.

13. Check each control circuit for circuit continuity and integrity at its most remote
terminal on a daily basis.

14. Check oil, coolant, battery level, fan belts, hoses and fuel level on evac engine and
`a genset.

15. After all inspections, enter any irregularities into the log book noting the following:

A. Service has been done
B. Service to be done

The fuel supply of internal combustion engines should be verified. For primary power
units, there shall be sufficient fuel to operate for the expected time period of operation
without refueling. For evac only internal combustion engines, the fuel supply shall be
adequate to unload the lift. During refueling, power units should be shut down.

The evacuation engine shall be checked during this inspection and the lift should be run
with the auxiliary power at least once each week. The lift shall be operated using the
auxiliary unit for at least 30 minutes a month.

Loading and unloading areas shall be inspected and, if necessary, cleared of ice and
snow to permit the safe ingress and egress of passengers. Carriers shall be cleared of
ice to the extent necessary to permit safe operation, and mechanical components shall be
inspected and checked.

Inspection and checking the mechanical features of the carriers for correct operation.
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Genera!

The supervisor and operator of the lift shall review the requirements of 2.1 and section 7
of the ANSI B77.1 to ascertain that original design and installation conditions have not
been altered in a manner such as to violate the requirements of the standard.

STARTING THE LIFT

No lift shall be started except by the direction of or following clearance by the operator.
Aerial lifts while operating for the public shall be started at the operator's station only.
Capability for starting from other stations may be provided for maintenance and
emergency operations.

STOPS

After any stop of a lift, the operator shall determine the cause of the stop, and not restart
until clearance has been obtained from all attended stations.

DAMAGE TO CARRIER

Should any carrier . become damaged or otherwise rendered unfit for passenger
transportation during normal operations, it .shall be clearly and distinctly marked, and not

mm °, used for passengers until repaired or replaced. It shall be removed or repaired, as soon
as feasible.

HAZARDOUS CONDITIONS

When wind or icing conditions are such as might endanger passengers or equipment, all
passengers shall be .unloaded and lift operation discontinued. Criteria to establish this
degree of danger shall be predetermined based on the area's operational experience
and the manufacturers design considerations. If necessary under the predetermined
criteria, devices) shall be installed at appropriate locations) to ascertain wind velocity
and direction when aerial lifts are operated.

No lift shall be operated when there is an electrical storm in the immediate vicinity.

Should such conditions develop while the lift is in operation, passenger loading should
cease immediately and operation continued only as long as necessary to discharge ail
passengers.

When such a shutdown has been caused by an electrical storm, grounding of control
circuits and haul ropes that are used as conductors in communication systems is
permissible. Such grounding shall be removed prior to the resumption of passenger
operations.
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In the event of an earthquake, STOP THE LIFT. Inspect the terminals, structures,
foundations and all towers for damage and .for proper alignment. If this inspection reveals
no damage and correct tower alignment, the lift may be restarted and passenger
transport resumed. If damage is evident and risk to passengers may exist if the lift were
operated, the passengers should be evacuated from the lift and the lift closed for repairs,
STARTING THE L1FT

NOTICE

It 
is the supervisor's responsibility to operate the-lilt safely and to
reduce speed or to cease operations if conditions warrant.

No lift shall be started except by the direction of, or following clearance by the operator.
Aerial lifts while operating for the public shall be started at the operator's station only.

Capability for starting from other stations may be provided for maintenance and
emergency operations.
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DAILY START-UP PROCEDURES

These drives must not be started until the authorized supervisor or his/her delegated
representative has ascertained that the lift is sa#e and operable.

1. Turn the Control Power switch to ON and select the desired operating mode,
(electrical or evacuation).

2. If the electrical mode is selected, make sure that the MAIN CIRCUIT BREAKER
ON THE SIDE OF THE DRIVE CABINET is in the ON position. Make sure
AUXILIARY COUPLING is UNCOUPLED. Select electrical or generator power on
transfer switch on side of Generator set. If Generator power is selected start the
generator set.

3. If the evacuation position is selected, Make sure AUXILIARY COUPLING is
COUPLED and that the auxiliary engine is fueled and ready to run. Tum the
throttle on the Evacuation engine to low position and push the reset button and
then the down button in the drive cabinet then hand pump the emergency brake
until it is' at 170 Bars. Start the evacuation engine and tum to full throttle. Stroke
the hydraulic pump with the handle on the side of the hydraulic unit and return the
cabin to the bottom terminal. Do not run the cabin uphill beyond tower 1 using
the evacuation drive the operator must remain in visual contact with the

,.. cabin at alI times when using the evacuation drive.
}

4. For electrical operation, preset the speed potentiometer to the desired percent of
full speed: (100% = 400 fpm).

5. Push and release either the UP or DOWN button.

6. If, after 20 seconds the lift fails to start, check the ANNUNCIATOR and see which
faults are displayed: normal stop, remote stop, emergency brake fault, etc. Note
that the Reset button in the drive control cabinet can be used to manually reset
faults (excluding brake position faults) without a run command being issued upon
safeties OK.

7. Clear the remaining faults, if any. Push and release either the UP or DOWN
button.

8. With the lift running at its normal speed, initiate normal stops and E-stops at all
stations to determine correct operation. Restart the lift and continue to the return
station, ensuring that the cabin slows while going over towers and docks smoothly
at the top docking station.

9. To SHUT DOWN the lift, dock the cabin at the drive terminal and turn the Control
Power switch to the Off position.

15
Section 2: 1999
Pacoima Operations Mununl



~~' ~ OPERATING PROHIBITIONS

When operating the lift, the following general prohibitions must be respected.

1. Do not load or unload passengers or freight except with the lift fully stopped and the
cabin in the docked position.

2. Do not load passengers with loose clothing or equipment, which might catch on the
carrier.

3. Do not load passengers unless the loading operator is within reach of the lift controls.

4. Do not operate the lift with more than the designed number of passengers or more
than a total of 22401bs in the carrier.

5. Do not restart or speed up the lift until all stations have been contacted.

6. Do not load passengers who are intoxicated or otherwise incapacitated.

7. Do not load handicapped passengers without making necessary arrangements for
their safety while loading, unloading or riding on the lift:

,!
8. Do not operate the lift if lightning is present. Do not load passengers. Unload lift as

soon as possible. Verify this by visual and auditory inspection.

9. Do not operate the lift in any winds that cause carrier to swing excessively or to hit
guards. Verify this by visual and auditory inspection; wind gauges.

10. Do not operate the lift if the carrier is observed swinging sufficiently to cause contact
with guard or tower. Verify this by visual and auditory inspection.

11. Do not operate the lift if carrier is observed bouncing up and down abnormally.

12. Do not operate if the bullwheels are covered with snow or ice. Verify this by visual
inspection.

13. Do not operate the lift if icing is apparent on cable, carrier, tower machinery,
crossarms, bullwheels, tensioning system or any other critical component which may
prevent proper operation or injure passengers.

14. Do not operate the lift for passengers if it requires immediate maintenance. See
maintenance requirements in the appropriate sections of this Maintenance Manual.
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15. Do not operate lift for passengers or maintenance without the prescribed number of
carriers on the line.

16. Do not use Poma tools or equipment (including maintenance tools) on any other
make of lift and do not use other manufacturers' tools or equipment on Poma lifts.

17. Do not modify any lift component or design feature without written approval from
Poma of America, Inc.

18. Do not operate if there are any abnormal conditions; loose, missing or damaged
components; or obstructions to operation. Verify this 4y visual inspection of the line
and the terminal.

19. Do not operate if adequate tension carriage travel is not available or if the tensioning
system is not operating freely. Verify this by visual inspection of the tensioning
system and compliance with the relevant instructions.

20. Do not operate if the service brake is not working properly. Consult service brake
operating and service manual for complete instructions.

21. Do not operate if the emergency brake is not working properly. Consult the
emergency brake operating and service manual for complete instructions.

22. Do not operate if the haul rope or track rope reveals any abnormal conditions. Verify
this as follows: visually inspect for broken or damaged wires, abnormal tension
carriage position or movement, cable twist indicated by the carrier not hanging
vertically.

23. Do not operate if any cable slippage is apparent. Verify this as follows: inspect truck
location as comparea with a paint mark on the haul cable indicating the original truck
location.

24. Do not operate if the carrier is loose, damaged or defective. Verify this by visual and
auditory inspection.

25. Do not operate if all communication systems are not working properly. Verify this by
making test calls.

26. Do not operate if the, operator controls are not working properly. Verify this as
follows: test all "up", "down" and "stop", controls and any other controls provided at
each terminal.

27.. Do not operate if any required warning signs are not in place. Verify this by visual
inspection.
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28. Do not operate the lift if the travel limit stop switches are not in their proper place and
functioning properly. Verifiy this by visual inspection and check operation.

29. Do not operate the lift if the tower safety system is inoperable. Verify this by visual
inspection and check operation of each switch at least annually.

30. Do not.operate the lift if unusual vibrations or noise are observed. Verify this by
visual and auditory inspection.

31. Do not operate the lift if any safety system component is by-passed. Verify this as
follows: inspect and test safety systems.

32. Do not operate the lift if any saddle or sheave assembly is misaligned. Visually verify
that the cable is in its proper position in the sheave liner.

33. Do not operate the lift if the load meter shows an abnormal load reading during start-
up or normal operation or above 100% during operation at maximum capacity. Verify
this by visual inspection.

34. After severe icing conditions, heavy snowfalls, severe temperature changes or high
winds, do not operate the lift until a visual inspection has been completed of all
towers, sheaves, sheave frames, carriers and the cable. After such inspection, do
not operate the lift at full speed until a trial run is completed at slow speed to check
for abnormal load readings.

WARNING

Failure to follow these instructions could result in an accident causing.
serious injury or death to persons and serious damage to property,
including this lift.
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EMERGENCY EVACUATION

Provisions shall be made for the emergency evacuation of aerial lifts. These shall include
a detailed plan of evacuation, equipment necessary for evacuation and adequate training
of personnel. Evacuation drills shall be conducted at established intervals not to exceed
one each 12 calendar months, and such drills recorded in the operational log of each lift.
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TERMINATION OF DAILY OPERATIONS

Procedures shall be established and approved by the authority having jurisdiction for
terminating daily operations to be sure that passengers will not be left on the lift after it
has been shut down. Loading platform, as required, shall be closed and so marked.

20
Section 2: 1999
Pncoima Opern[ions Manual



RECORD KEEPING

OPERATIONAL LOG

A log book shall be maintained for each lift. Daily entries shall be made giving the
following minimum information:

1. Date
2. Names and duty stations of operating personnel
3. Operating hours and purpose of operations
4. Temperature, wind and weather conditions
5. Record of compliance with daily operational inspections
6. Position and condition of the tension carriage or other tensioning devices
7. Accidents, malfunctions or abnormal occurrences during operation
8. Signature of operator.

W1RE ROPE LOG

A log book shall be maintained for each lift giving the following information on each rope:

1. Approved specification
2. Copy of certified test report
3. Date installed
4. Splicing certificate for each splice
5. Record of lubrication, including type of lubricant and date applied, if required
6. Record of maintenance inspections
7. Report of wire rope inspection
8. Report of accidents or injury to rope.
9. Documentation of end attachment

MAINTENANCE LOG

A signed complete log shall be maintained wherein the actual execution of maintenance
work shall be recorded daily. The log shall state components serviced and the condition
of components. A record shall be kept of replacement of components.
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Section 3

ELECTRIC MOTOR



Maintenance of the Electric Motor

Refer to Manufacturer's Manual.

Manufacturer: GE

Model #: CD328AT

HP: 50

Maintenance Schedule

Frequency Maintenance Activity

DAILY Check for unusual noises

FOR ALL OTHER MAINTENANCE, REFER TO MANUFACTURER'S MANUAL.

a. ~ 
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GE Motors

MARCH 3, 1998 Industrial Motors
General Electric Company
3Q01 East Lake Road, Erie, PA 16531

_ REFER TO O.E. REnN. NO!~ ~ `',. OMER: 
- - — IN CORRESPONDENCE

ARGO INTERNATIONAL CORP
INDUSTRIAL DIV
5770 LAMAR STREET
ARVADA, CO 80002

CUSTOMER ORDER CUSTOMER REQN G.E. CONTRACT G.E. REQUISITION
2148309

~ 695-17655
❑FOR APPROVAL ~ FOR INSTALLATION ❑ 

780129473001RETURN "FOR APPROVAL" PRINTS TO THE GE OFFICE WITH WHOM YOUR ORDER IS PLACED. ORDER IS ON HOLDUNTIL PRINTS ARE APPROVED. WHEN APPROVED PRINTS ARE RETURNED, LEAD TIMES IN EFFECT WILL APPLY.Drawings are Irrtended to be fn accordance wkh applicable purchase order speei(ications. Comments are ~olleitsd eoncernfnp sny departures In this respect.Features not covered by purehese order specifications portray Gsnerel Electric Company standard design practice. Any requested ehengss from the purchaseorder specifications, resulting in additional engneerinp and/or manufacturing costa will entail sn fncree~e In price end the extsnttlon of the ~hippinp~ehedule. PRINTS ARE NOT TO SCALE, are boded subject to return upon demand, and the express condkbn that they will not be used in any waydetrimerrtal to the General Electric Company. 'The export of technical Information eontalned In these prints Is subject to the rules and ►eguletionsof the United States Department of Commerce, Office of Export Control.'

DC MOTOR N1C~DEL 5m184TA094B027

36A167945AA002 -OUI'LIl~1E-
SPLASHPROOF Ft3LLY GLIP,RDID -BALL BEARINGS
C'(7i~IDUIT BOX ON RIGHT FIP,T~ID SIDE FACING C:ONMU~ZnR EDID
ST~IDARD SIFT DRIVE E[~1ID OI~II~Y -WITH FEET

'H ~328AT -DC NlP.C~iIl~IE-
~`~`~ HP 50 -RPM '1750/2100 - VC?LTS 500 -AMPS 83.7

WOUTID SHTA~TT -DUTY C1~NTINiJOUS
NL~XIMifi4 ANlBIEfJI' 40 C = CLASS F INSULATION
Nom, P'C7,7WER SUPPLY CODE: D -FIELD WLTS 300/150
WITH:
ZT~MOSTAT- NDRNL~LLY QASID, AC RATING- 600V N~~X-
.5A, 250V-1.5A, OR 125V-3A, DC RATIl~IG- 30V Nm,X-
1.5A.MAXINlUM CURFtEDTI' BASID ON Il~IDLTCTIVE LAADS UP
TY? AMID IlVC'LUDIlQG NII~ IVC7.5 C~?NTAC'NR.

36A167771AA001 -II~TC7~OSURE AMID MOUNTIl~G ASSII~LY.36A167760CB501 -C~OrIIVECTION DIAQ2AM RE'VE~t.SIBLE ROTATION.GEEL3967 -INSZRUCTION BOOK.

4 PRINTS & 1 I/B T0: ARGO INTERNATIONAL CORP
INDUSTRIAL DIV
5770 LAMAR STREET
ARVADA, CO 80002
ATTN: D WILSON

1 PRINT T0: KEYIN MAHONEY, C&ISD, BLDG 4-6, FORT WAYNE OFFICE

_SPY of Hole ro p ~ WEED, BLDG 9-3, ERIE WORKS BY V.. LEIGHTON/AS, ERIE WORKS
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SAFETY PRECAUTIONS

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible
contingenry to be met in connection with installation, operation, or maintenance. Should further information be
desired or should particularproblems arise which are not covered sufficiently for the purchaser's purposes, the matter
should be referred to GE Motors-DM&G.

O 1989, 1991, 1993, 1994 General Electric Company
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Direct Current Motors and Generators, GEH-3967N

DIRECT CURRENT
MOTORS AND GENERATORS
FRAMES CD 180AT - CD500AT

INTRODUCTION
This instruction book covers the CD 180AT-CD500AT line

of DC motors and generators.

WARNING: High voltage and rotating parts

can cause serious or fatal injury. The use of

electric machinery, like all other- utilizations of

concentrated power. and rotating eQuipinent,

can be hazardous. Installation, operation, and

u►aintenance of electric machinery should be
performed by qualified personnel. Familiarize

Lion with NEMA safety standards for construe

tion and guide for.. selection, installarion and

use of integral HP motors and. generators, the

National Electrical Code, and sound local prat-

tices is recommended.

RECEIVING
The equipment should be placed under adequate cover

immediately upon receipt as packing coverings are NOT

suitable for out-0f-doors or unprotected storage. Standard

factory packing methods do not allow for stacking of

motors. .

Each shipment should be cazefully examined upon arrival.

Any damage should be reported promptly to the carrier

and to the nearest office of GE Motor~DM&G. Shipping

damage is not covered under the standard warranty. A

claim must be filed with the carrier.

Storage
During installation orwhen in storage, the machine and its

parts must be protected from the following:

1. Din of all kinds.

2. Wetness and temperature extremes.

Protection from dirt can be achieved by covering the

machine with a tarpaulin or polyethylene sheet or keeping
it where the surrounding area is clean.
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Protection from wetness and temperature extremes in-

cludes moisture from the surrounding atmosphere con-

densing onto cooler machine surfaces. This condensation

on machine surfaces can result in rusting or corrosion and

the electrical windings may su$'er serious damage.

Where wetness and/or cold conditions are present, the

machine and its parts must be protected by a safe reliable

heating system which, at all times, will keep the machine

temperature slightly above that of the surrounding atmos-

phere. If a space heater is included in the machine, it

should be energized per the voltage specified on the motor

nameplate.

Smaller machines shipped in paper cartons aze protected

from condensing-type wetness by the insulating character-

istics of the carton. To avoid sweating where these have

been exposed to low temperatures for an extended period,
allow a few hours for the machine and carton to attain rnom

temperature before unpackine.

Brushes should not remain in contactwith the commutator
during prolonged storage, because corrosion may occur

and later result in flat spots on the commutator. Release

the brush springs and lift the brushes, when prolonged
storage occurs.

All exposed machined-steel parts are slushed with a rust
preventive before shipment These surfaces should be
examined carefully for signs of rust and moisture, and
reslushed if necessary. Once started, rust will continue if

the surface is reslushed without first removing all rust and

moisture. Rust may be removed by carefully using fine

abrasive paper. Slushing compound can be removed by

using a suitable solvent such as mineral spirits.

GAU'TIUN; Many motors are S~ppea wiry
drive end grounding brushes.:These bn.~shes

and the surfaces thepride on mustbefree ofany

slushingcompound before operation.



WARNIl~TG: Mineral spirits are flammable and

moderately toxic. 'Phe usual precautions for

handling chemicals of this type must be ob-

served. These include:

1. Avoid excessive contact with skin.

2. Use in well-ventilated areas.

3. Takenecessaryprecautionstopreventfireor

explosion hazards.

Extreme care must be exercised in removing rust on shaft

extensions near shaft seals, since it is difficult, and some-

times impossible, to remove rust from these surfaces with-

out damaging or deforming them.

Burrs or bumps on other machined surfaces should be

carefully removed by using a fine file or scraper.

Machines in storage should be inspected, have the insula-

tion resistance checked, at frequent and regular intervals,

and a log kept of pertinent data.

CAUTION: When stored,- it is suggested Shat

ttie armature be rotated a few revolutions every

three months to prevent loss of grease protec-

tion on the bearings and races: Loss of grease or

oil protection-may' cause rust

Long Term Storage Considerations'
1. Provide blocks, such as railroad ties, to store the

machine off the ground. This will minimize moisture

pickup from the ground and make inspections easier

to accomplish. Be sure there is sufficient drainage.

2. Megger the unit before storing and record the values

every three months. If the megger reading indicates a

-~ decreasing insulation resistance, move the machine to

a drier location.

3. Wrap Mylar around the commutator and tape it to

itself. Do not tape the Mylar to the commutator.

4. Rotate the armature every three months to prevent

loss of grease protection on the bearings and races.

I:oss of grease protection causes rust Note: Rotate the

armature in the direction wtuch will not snag the

_~~ Mylaz wrapping on the commutator.
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TABLE 1

APPROXIMATE NET WEIGHTS

FRAME ARMATURE MOTOR
SIZE WEIGHT WEIGHT

Ibs. kgs. Ibs. kgs.

CDL182AT 17 8 80 36
CD186AT 25 11 102 46
CDL186AT 35 .16 128 58
CD189AT 45 20 162 74
CD218AT 50 23 240 106
CD219AT 56 25 250 114
CD2110AT 63 29 280 127
CD258AT 78 35 360 164
CD259AT 89 40 400 183
CD287AT 113 51 500 225
CD288AT 130 59 550 250
CD289AT 175 80 660 300
CD2811AT 210 95 790 360
CD327AT 158 72 690 315
CD328AT 181 82 770 350
CD365AT 220 100 750 340
CD366AT 260 120 860 390
CD368AT .300 140 1020 465
CD3610AT 400 130 1310 595
CD3612AT 530 240 1650 750
CD407AT 400 180 1300 590
CDL407AT 400 180 1350 610
CD409AT 500 225 1600 725
CDL409AT 500 225 1650 750
CD4012AT 780 350 3210 1460
CD504AT 590 265 1900 860
CDL504AT 590 265 2070 940
CD506AT 720 330 2290 1040
CDL506AT 720 330 2440 1110
CD508AT 890 405 2810 1275
CDL508AT 890 405 2970 1350
CD5010AT 1200 545 4260 1935

*Approximate weightsfor typical motors in
each frame size.Does not include weights of
accessories such as tachometers, blowers,
heat exchangers, etc. For specific weights,
refer to certified outline.

Handling
Complete motors or generators can be lifted by using

hooks or slings in the lifting lugs on top of the unit 'The

lifting lugs are designed to safely carry the weight of the

individual machine. Do not lift the machine with the shaft

extensions.
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Motor-generator set bases have lifting holes to be used with

spreader bars or hooks. Care must be taken in handling to

avoid twisting bases. (Refer to Table 1 for approximate

weights of armatures and motors.)

INSTALLATION
Installation should be in accordance with the National

Electrical Code and consistent with all local codes. Cou-

pling, belt, and chain guards should be installed as needed

to protect against accidental contact with moving parts.

Machines accessible to the public should be further guarded

by screens, guard rails, etc., to prevent personnel from

coming into contact with the equipment. Fully guazded

covers are supplied on motors and generators. Shaft guards

are supplied on MG sets.

Totally enclosed and waterproof motors must have all

'covers securely in place with gaskets intact in order to

"-"``exclude dirt, oil, and water. It is generally preferred to

remove plugs from drain holes at the bottom of the frame

to insure that condensation does not collect inside the

motor. However, if the installation requires plugs to be

installed, they must be removed periodically to make cer-

tain that all water is eliminated.

Location/Ventilation

WARNING: The use of electrical equipment in

haaardous locations is restricted by the National

Electrical Code,Article 500.Original equipment

manufacturers and user customers must read;

understand;. and apply these Hiles for installa-

tion and use of ail equipment in such locations

and'consult local code inspection and enforce-

ment agencies as necessary: to insure comgii-

ance. Motors listed by Underwriters Lahorato-

ries, Inc. for use in specific locations have been

designed, tested, and"approved for use in such

locations only.

Sections 501-5 and 502-8 now permit the use of

totally .enclosed motors with positive pressure

ventilation or totally. enclosed inert-gas=filled

motors (ClassI locations only) when installation

and operation conform to certain requirements:

MoEors for : Class I toca~ons must have leads

sealed at. the frame exit and an explosion proof

conduit box.- (Refer to Sections 501-4 and801=5. )

Motors' for Class. II locations must have leads

sealed at the frame exit and a dust-ignition-proof

condtut box. (Refer.to Sections502-4 and 502-5'.)

CA~JTION: Silicone.vapor may be present and'

originate. from sealing compounds, :electrical

cables,. and room transformers. These sources. .

must be eliminated: Silicone vapor interferes

with commutation and high brush wear -may

result.

Motors and generators should.be installed so that they are

readily accessible for routine inspection and maintenance.

They are suitable for use in ambien t temperatures from 0°C,

(32°F) to 40°C (104°F). An adequate supply of clean, dry

room air (at temperatures from 0°C to 40°C) is required for

self-ventilated and blown motors. Where motors must

operate in dirty, wet, or contaminated environments, pro-

section in the form of filters or totally enclosed construc-

tion must be used to insure long life with normal mainte-

nance.

Do not obstruct ventilating openings.

When filters are supplied, service them regularly. Dirty

filters shut off ventilating air.

Beware of recirculation. Install motors so that hot exhaust

air will not re-enter the motor.

Protection

CAUTION: Windings, cr~mmutator,. brush rig-

g-ing, and bearings should be carefullyprotected

during installation to avoid damagefrom paint ':,

spray, weld splatter, welding rod butts, or metal j

chips from ;files and. grinders. Metal particals ~

which lodge in windings can cause eitherimme-

diate or premature failures. Paint or oil on

commutators can be very detrimental to good

commutation.



Mounting
Motors and generators should be moun[ed on rigid and

solid foundations. Level the base (or the machine) . Hold-

down bolts should be inspected regularly and kept tight.

The feet of the machine may be doweled to the foundation

plates or base when alignment procedures are completed.

Sliding bases, when used, should be securely anchored to

the foundation.

Motors are suitable for mounting as ordered. Special as-

sembly ofthe conduit box, endshields, and covers is provid-

ed when the motor is so ordered. Do not rotate commutes

for-end endshield with respect to the frame, since brush

position is affected. (Refer any questions regarding the

allowable mounting orientations for your motor to GE

Motors-DM&G.)

Alignment

CAUTION: Be sure to-align or check alignment

carefully on either motors or MG sets.11tisalign-

ment can cause. excessive vibration, damaging

forces on shafts and bearings, and rapid brush

wear. Time taken to assure good alignment will

be returned in reduced downtime.

$~~

a ~--~ \couPUNC

A..AI~CESSORY BORE
LENGIIi

C_I~YWAY LENGTH
PROPER .—_ A _i

Fig. 1 Selecting the Proper Key Length
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Coupled Drive

When a motor and a driven unit together have four or more

bearings, flexible couplings must be used to facilitate

alignment. Three-bearing consvuction requires a rigid

coupling.

CAUTION: Careful alignment of 'machines

when using either solid (rigid) or flexible cou-

plings is essential to prevent excessive vibration,

hot bearings, or shaft failures.

Motors are balanced in the factory using ahalf-height key

of full length. To preserve the original dynamic balance of

the motor, select [he coupling hub key length "B" accord-

ing to the formula in Fg. 1.

V-Belt Drives

The V-belt system produces a heavy shaft and bearing

loading, making it necessary that these factors be consid-

ered carefully for proper application. Since belt drives

impose a bending moment on the motor shaft, it is always

desirable to have the motor sheave located as close to the

motor bearing as possible to minimize both bearing load

and shaft stress. This will result in increased bearing life.

For the load centered 2" in toward the bearing from the

end of the shaft instead of at the end of the shaft, the

bearing load is reduced by 10% and the life increased by

33%. The bearing life curves which follow assume that the

load is centered at the end of the shaft. New improved V-

belts are now on the market that significantly reduce the

number and sine of belts required for a given load. These

new belts should always be considered, since the sheave will

be shorter and the load centered closer to the bearing.

It should also be noted that the radial load on the motor

bearing is directly proportional to .the diameter of the

sheave. A larger diameter sheave means less radial load on

the shaft..

The standard NEMA shaft extension is designed for belted

loads. Dimensions are provided on the standard dimen-

sion sheets. A sliding base is available as an accessory to

facilitate belt adjustment.

Bearing Life

Bearing life for belted drives is determined by calculating

the radial load at the end of the shaft.
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TABLE 2

BELT TENSION FACTORS

1.0 Chain and Sprocket Drive
1.2 Timing Belt
1.5 V-Belt, 1:1 Ration
1.8 V-Belt, 2:1 Speed Decreased Ratio
2.0 Flat Befts

The radial load, "W", produced by the belts, when tight-

ened just enough to transmit the load without slipping, is

given by the relation:

W = 126.000 x HP x Kb lbs
D x RPM

Where:

D = Sheave pitch diameter in inches for V-belt appli-

cations.

HP = Maximum ratio of horsepower, including over-

RPM loads, to the minimum speed at which that

power occurs.

I~ = Bel[ tension factor from Table 2.

''The curves in Fg. 2 can be used to determine the antici-

pared L10 life, which is the life in hours that 90% of

bearings with this load would be expected to exceed

without failure. The standard ball bearing and standazd

shaft option will be the most economical, if acceptable life

is obtained from the curve. A good, commonly used design

figwe is 20,000 hours. However, calculated life of as low as

5,000 hours has sometimes been necessary for special

applications. The curves are drawn for 1750 RPM average

speed. If the application has some other average speed, the

life can be adjusted by multiplying by the 1750/average

speed.

It is important to know that the bearing life for V-belt

applications is independent of the motor load. Once the

belts have been tightened just enough to prevent slipping

when the maximum torque is being delivered by the motor,

the radial load, "W", on the shaft and bearing is there and

remains constant regardless of the motor load. For timing

belts and chain drives, the radial load, "W", does vary

somewhat with motor load, and so the motor load duty

cycle, as well as the average speed should be considered to

estimate bearing life.

For special applications belt tension should be checked

and adjusted following the belt manufacturer's recom-

mendations.
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If slippage occurs after the belt tension has been correct3y

adjusted, the belts and pulleys have not been chosen

properly for the application.

CAUTION: fiver-tightening to avoid ttus. slip=: ,

page may result in ea=1y failures of.belts,:s~afts,

and bearings.

There is normally a drop in tension during the first 24 to 48

hours of operation. During this "run-in" period, th~,belts

seat themselves in the sheave grooves and initial stretch is

removed. Belt tension should be re-checked after a day or

two of operation.

Matched belts run smoother, and last longer. Longer belt

life results, if the belts and sheaves are kept clean and the

belts are prevented from rubbing against the belt guards or

other obstructions.

Mounting may be either horizontal or vertical for these

bearing life determinations, as long as no axial load other

than the weight of the armature is present if vertical.

Special Ldad Considerations

Where the load is overhung beyond the motor shaft exten-

sion or greater bearing life is desired, the application

should be referred to GE Motors-DM&G.

Thrust Loads

Due to the mounting position or type of drive arrange-

ment, athrust load maybe applied to the motor shaft The

Kinamatic motor is designed to permit a limited amount of

thrust load. This permissible load will vary by mounting

position and direction of the load due to the weight of the

armature. The permissible load is tabulated in Table 3 by

frame diameter and mounting position. These apply to

standard size ball bearings only.

For vertical mounting, the data is tabulated with a plus or

minus constant. If the force of the load is acting up (against
gravity), then the constant should be plus. If the load is

acting down (with gravity), then the constant should be

minus.

For applications combining thrust and radial loads or

where thrust loads exceed the values shown in the table,

refer all details to GE Motors-DM&G.
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TABLE 3

THRUSTCAPACITY IN POUNDS

HORIZONTAL MOUNTING VERTICAL MOUNTING

RPM RPM

FRAME 2500 1750 1150 850 2500 1750 1150 850

CD180AT 145 172 210 240 150±17 175±17 214±17 240±17

CD210AT 190 220 270 310 200±64 240±64 285±64 330±64

CD250AT 225 265 325 370 250193 285±93 345±93 390 93

CD280AT 300 355 430 490 330±135 380±135 460±135 525135

CD320AT 355 410 500 580 390±190 4601190 545±190 620±335

CD360AT 630 740 880 1040 700±335 820±335 970±335 11101335

CD400AT. 580 690 840 970 700±526 820±526 9701526 1110±526

CD500AT 890 1050 1310 1510 ----------- REFER TO GE MOTORS-DM&G ---------____

Motor-Generator Sets
MG sets are properly aligned before shipment. Check the

alignment before operating a set to be sure that shipping,

handling, and installation have not misaligned the units.

(Refer to the Alignment.Procedure section of this Instruc-

[ion Book.)

Two types of MG set bases are used. One is called "non-self-

supporting"and, as the name implies, is not rigid. The non-

self-supporting base is designed to act only as a spacer

between the foundation and the units of the MG set and

must not be trusted to carry any weight unless well sum

ported at all of the mounting pads on its underside. This

type of base should be securely bolted to the foundation

and, if convenient, grouted in after alignment. Grouting

tends to make the base more solid and less liable to later

vibration troubles. Be careful not to distort the base during

handling or the ability to properly align the MG set will be

destroyed.

The other type of base is called "self-supporting" and

usually has three pads on its underside forming a three-

point,~-support. Aself-supporting base is rigid enough so

thaf it needs support only at the pads. The entire weight of

the MG sit is supported on just these three points and the

foundation must be designed to take these high loads.

Two kinds of couplings are used to connect units of MG

sets. Some MG sets will be made up of two-bearing units

coupled together with fle~cible couplings. Others will use

single-bearinggeneratorsconnectedwithrigid (solid) cou-

plings.nth each kind of coupling and each kind of base

design, a slightly different alignment procedure is re-

11

quired. (Refer to Xhe Alignment Procedure section of this

Instruction Book.)

Grouting
On concrete foundations, a minimum of 1" should be

allowed for grouting.

A rich, non-shrink grout should be used. High-grade grout

mixtures are available commercially. If the grout is to be

prepared at the site, a cement sand ratio of 1:2 is recom-

mended. Only enough water should be used to give a stiff

mixture. The clean, bu[ rough surface of the foundations

should be wet and the grout forced or puddled under the

base.

Alignment Procedure

CATTION: Alignment specifications supplied

with couplings are for suitable coupling life.

These numi~ers usually greatly exceed align-

mentcriteria for good bearing life and minimal

vibration:

Flexible Coupling

Before grouting the base, the alignment should be checked

as follows:

1. Slide the sleeve from the coupling so that the hub faces

are exposed.

2. Check that the coupling hub spacing is in accordance

with the outline dimensions with the units in the

mechanical center of their end play.
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_,. 3. Startwith the coupling next to the largest unit (usually

the motor) or near the middle of a long set. Check the
radial alignment by using a straightedge across the
hubs at both vertical and horizontal locations or by

clamping a dial indicator to one hub and indicating
the other hub on its outside diameter. Be sure that the
dial indicator supports do not bend or sag, since this
will give inaccurate readings.

4. Use a dial indicator at hub faces and rotate both units
together 90°, 180°, 270°, and 360°; or measure the gap
at each position by inserting a feeler gauge. The
reading should not vary more than 0.002 ".

5. Correct any misalignment by shimming between the
base and the foundation. If shimming between the
base and foundation will not correct misalignment,
the unit has moved during shipment and should be
shifted on the base.

6. Repeat Steps #2, 3, and 4 on each coupling, working
away from the motor or cenxer unit,

7: Recheck the couplings on long sets after completing
the above checks, because shimming on subsequent

~ units may affect those already checked. After the set
has been aligned within the specified limits, the cou-
pling shells may be bolted together.

The generators may then be doweled, if desired.

Solid Flanged Couplings

Before grouting the base, the alignment should be checked
as follows:

1. Loosen all coupling bolts enough to assure that the
bolts are not holding the couplings together.

2. Start with the coupling next to the largest unit (usually

the motor) or near the middle of a long set, tap the

coupling flange with a rawhide or similar non-metallic

ma]let until the coupling halves separate 0.005" to

0.010".

3. Measure the distance between the coupling faces at

four points spaced 90° apart around the coupling rim

with a feeler gauge;measuring to the nearest 0.001".

The maximum variation between any two readings

should not exceed 0.002".
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4. Rotate the coupling 90°, 180°, 270°, and 360° and take
similar readings. The maximum variation should not
exceed 0.002".

5. Correct any misalignment by shimming between the
base and the foundation. If shimming between the
base and the foundation does not correct misalign-

ment, the unit has moved during shipment and should
be shifted on the base.

6. Repeat Steps #2, 3, and 4 on each coupling, wq,~king
away from the motor or center unit. ~

7. Recheck the couplings on long sets after completing
the above checks, because shimming on subsequent
units may affect those already checked. After the set
has been aligned within the specified limits, tighten
the coupling bolts.

The generators may then be doweled, if desired.

CAUTION: Do not draw the two, coupling
halves together unless the variation in measure-
ments is U.002" or ̀less. If there is a variation
:greater' than 0.002", excessive vibration -.and
possible shaft fatigue can occur.

OPERATION

WARNING: Disconnect powerbeforexouching
any infernal part'High voltage may be present

even when the machine is not rotating. If used
with a rectified power supply, _disconnect ali AC

line connections to power supply: With other

power supplies, disconnect all DC line and field

connections. Also disconnect power from auxil-
iary devices.

WARNING: Ground- the machine :properly to
avoid serious injury to personnel. Grounding

must be in accordance with the National Electri-

cal Code and consistenrwith sound local prao-

tices: One of the boltsholding:the conduit box

to -the unit, accessible from inside tt~e conduit

box, is identified:and may be used for attaching

a grounding cable.

-~;,
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WARNING: Before. starting the motor, remove

all unused shaft keys and loQSe rotaring parts to

prevent them from flying off.

Inspec#ion Before Starting
These inspection procedures should be followed before

starring the machine for the first time, after an extended

shutdown, or after a teardown for extensive maintenance

or repair.

Bearings and Couplings
Machines with ball or roller bearings are greased at the

factory and will need no attention until relubricadon is

necessary as suggested under the Maintenance

section. (Refer to Tabie 11) .

Flexible couplings should be checked to see that they

contain the proper amount of ]ubrican~

Make sure that all grease plugs aze tight.

The oil suspended in grease may leak out after extended

periods of motor storage. Because of this, it is not unusual

to find puddles of oil below the bearings. If the motor has

been stored for over six months, the grease drains should

be checked to see they are not plugged with a waxy residue.

After ensuring the openings are clear and free, a small

aznount of grease should be pumped through.

Commutator and Brushes
Brushes should be worn in to have at least 85%contact over

the brush surface and continuous contact from heel to toe.

The commutator surface and undercut mica should be

clean and free from dirt, grease, paint spots, or brush dust.

Brushes should be free to move in the holders and all

springs should be down and latched. Brush pigtail connec-

tionsshould be tight, and the pigtails should not interfere

with ~e action of the spring or brush and should be clear

of any other part of the machine.

Rectified Power Supplies
When DC motors are operated from rectified power sum

plies, the pulsating voltage and current wave forms effect

the motor performance by increasing motor heating and

degrading commutation. Because of these effects, it is

necessary that the motors be designed or specially selected

to suit this type of operation.
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The ratings of DC motors intended for operation from

rectified power supplies are based upon motor tests using

a suitable power supply. The specific characteristics for

three-phase rectified power supplies described below in

the Power Supply Identification section are in common

use. For operation of motors from rectiFied power supplies

other than those given in this section, refer to GE Motors-

DM&G.

A motor may, under some conditions, be operated from a

power supply different from that indicated on the name-

plate..Letters used to identify power supplies in common

use have been chosen in alphabetical order of increasing
magnitude of ripple current Power supply compatibility

can be judged by Table 4.

TABLE 4

POWER SUPPLY AVAILABLE

A C D E K
W

~ AO ✓ # #
V
Z C ✓ ✓ * # #

Q D ✓ ✓ ✓ * #

~ Ed ✓ ✓ ✓ ✓ #

z K ✓ ✓ ✓ ✓ ✓

✓ Compatible Power Supply
* External inductance may be necessary to limit

ripple current

Power Supply Identification
The nameplates of DC motors in tended for operation from

rectified power supplies will be stamped with a Power

Supply Identification as described below:

A. When the power supply used as the basis of rating is

one of the four described below, a single letter "C", "D",

"E°, or "K° will be used to identify it on the nameplate.

Power Supply Identification Letter "C'

This designates athree-phase, 60 hertz input, full-wave
power supply having 6 total (controlled) pulses per rycle.
1'1-ie power supply has no free wheeling and no series
inductance added externally to the motor armature circuit

inductance. The input line-to-line AC voltage to the recti-
fiershall be 230 volts for 240 volt DC motor ratings, and 460

volts for 500 or 550 volt DC motor ratings.
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Power Supply Identification Letter "D-" Connections
..'.'his designates athree-phase, 60 hertz input, semi-bridge
power supply having 3 controlled pulses per cycle. The
supply has free wheeling with no series inductance added
externally to the motor armature circuit. The input line-to-
line AC voltage to the rectifier shall be 230 volts for 240 volt
DC motor ratings and 460 vol is for 500 or 550 volt DC motor
ratings.

Power Supply Identification Letter "E"

This designates athree-phase, single-way (half-wave) power
supply having 3 total pulses per cycle and 3 controlled
pulses per cycle. 'The power supply has no free wheeling
and no series inductance added externally to the motor
armature circuit inductance. The input line-to-line AC
voltage to the rectifier shall be 460 volts far 240 volt DC
motor ratings.

Power Supply Identification Letter °K"

This designates asingle-phase, full-wave power supply
having 2 total (controlled) pulses per cycle with free
wheeling 60 hertz input with no series inductance added
externally to the motor arniature circuit. The input AC
''voltage to the rectifier shall be 230 volts for 180 volt DC

. ~ afings.

B. When intended for use on a power supply other than
"C", "D", °E°, or "K", the motor will be identified. as follows:

Where:

M/NF-V-H-L

M = a digit indicating total pulses per cycle.

N = a digit indicating controlled pulses per
cycle.

F =free wheeling (this letter appears only if

free wheeling is used).

V = 3 digits indicating nominal line-to-line AC
voltage to the rectifier.

H = 2digitsindicatinginputfrequencyinhertz.

L = 1, 2, or 3 digits indicating the series induc-

tance in millihenries (may be zero) to be

added externally to the motor armature

circuit inductance.
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Terminal connections should be checked against [he con-
nection diagram shipped with the machine. Bolted con-
nectionsmust be tight. When fixed termination (terminal
boards) is not specified, then the exposed connections
should be appropriately insulated. Grounding screws or
studs do not need to be insulated. When more than one
terminal is marked with the same identifi~atiq~, they
should be joined in the same connection. (Refer to Table
5 for identification of winding leads.) +p

When series leads are not being used (example: astabilized
shunt or a compound wound unit being used as a straight
shunt), the lead should be individually insulated. Do not
connect together.

TABLE 5

LEAD MARKERS

FUNCTION WINDING

Armature A1, A2, A3, A4, etc.

Control signal lead C
attached to commutating
winding -one lead only.

More than one signal lead C1, C2, C3, C4, etc.

Field (shunt) F1, F2, F3, F4, etc.

Field (series) S1, S2, S3, S4, etc.

ACCESSORIES &SPECIAL DEVICE MARKINGS

Blower Motors, T1, T2, T3, T4, etc.
Type AN tachometer
generator

Tachometer generator, A1, A2, A3, A4, etc.
direct current, to terminal
board

Brake coil leads 61, B2, 63, B4, etc.

Heater, brake space BH1, BH2, BH3,
heater BH4, etc.

Brake interlock switch BS1, BS2, BS3,
BS4, etc.

Heater, space heater in H1, H2, H3, H4, etc.
the machine

Thermostat P1, P2, P3, P4, etc.

Resistance Temperature R1, R2, R3, R4, etc.
Detector (RTD)

4

~ ~.



~,'" Protective Devices
See that all protective devices (overspeed devices, bearing

temperature relays, etc.) are connected and will function

properly. Be sure all coupling guards, shaft protectors,

grounding connectors, covers, and other safety devices are

properly attached.

CAiTtZON: Motor Field'Heating - Unless spe-

cifically ordered, motors are NOT. capable of

cQnrinuo~is standsult.excitation at rated field

current When :the motor is shut down for more

than 30 minutes, one of .the following options

must be used: ~I

i

1. De-energize fhe fields completely.. ~

2. Use field economy relays to limit.the field ~

current to a maximum of 50% of the name-

plate rating.

3. When applicable, fields may remain fully en-

ergizedifthemotorventilabonsystem (blower

or customer: duct) sennains in operation.

Thermostats
The thermostat is a device that may be used in alarm or

protective relay circuits within rating limits shown in Table

6. It is not intended to limit motor loading or provide

normal insulation life. When supplied, it is mounted in

contact with a commutating coil which is the only acces-

siblepart ofthe armature circuit. Since factors such as shaft

speed, ventilation (blower or shaft fan), current ripple

(SCR phase-back), and short time overload affect the tem-

perature relationship between the armature and commu-

tatingfield, complete protection from all conditions result-

ing from over-temperature is not possible. The device is

especially useful in guarding against loss of normal ventila-

tion ter, high ambient temperature, and prolonged oper-

ation of self-ventilated motors at very low speeds.

WARNING: Thermostats autornaticaily reset

after the motor has cooled somewhat In order

to preven tproperty damage or injury to person-

nel, the control circuit should be designed xo

prevent the automatic starting of the motor

when the thermostat resets.
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TABLE 6

MAXIMUM CURRENT RATINGS FOR
SPEED LIMIT SWITCHES &THERMOSTATS

ON DRIPPROOF &TOTALLY
ENCLOSED MOTORS

(Normally open or normally closed corrtacts)

LOAD 125 VAC 250 VAC 600 VAC 30 VDC

Do not use above 600 VAC or 30 VDC

Resistive 5 AMPS 2.5 AMPS 1 AMP 5 AMPS

"Inductive 3 AMPS 1.5 AMPS 0.5 AMP 1.5 AMPS

"Suitable for pilot duty only (relay coils)

Speed Limit Device
The standard mechanical speed limit device is non-adjust-

able. Tripping speed is specified by a note on the print

certification for each specific order and on the motor

nameplate.

The speed limit electrical contacts are normally closed and

are usually connected in relay or holding circuits. Current

ratings are the same as Table 6.

WARNING: The contacts .of<the speed. Iimit

device automatically reclose after tiie speedhas

fallen below the trip value. In order to prevent

property damage or injury to personnel, the

control circuitshould be designed to preventre-

energizing the motor until the cause of the

overs~ieed has been corrected.

Space Heater
When furnished, refer to the PrintCertificationforFlec~i-

cal Rating or the motor nameplate.

WARNINGS The surface of a space heaterblock

becomes hot when the heater is enecgize~. T'he

temperature rise above the ambient temper

tore may be as high. as. 400°C. Avoid touching

heater blocks which have recently been ener-

gized to prevent burns. Also, to prevent fire or

explosion, ignitable dust or lint should'not ~e

allowed ro collect around the surface: of the

heaters.: -
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~~~~~~~~~~~/entilation System
- 3lowers or central systems must be in operation co supply

cooling air before loading force-ventilated machines. Air

filters should be in place. Blowers should be checked for

correct rotation. (Refer to Fg. 3 for correct direction of

rotation.)

AIR INLET

HOUSING

IMPELLER
BLADES

INTERNAL
BAFFLE

VIEW LOOKING AT AIR INLET,
NP36A424875 BLOWER MOTOR IS ON FAR 51DE

Fg.3 Correct Arrangement of Blower

Housing, Impeller Blades and Di-
rection ofRotation toObtain Proper
Pressure and Air Flow

AC Blower Motors (If Equipped)

CAUTION: Remove drain plugs from the frame

or endshields of enclosed motors used outdoors

or in other high moisture areas._

Mounting

When bases are removed on enclosed motors, the enclo-

sure must be maintained by plugging the bolt holes with

the plastic plugs from Kit No. 1821BPK1.

WARN~TG: Do not replace-..the bolts in the

frame-with the base.removed:
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Power Supply and Connections

The nameplate voltage and frequency should agree with

power supply. Motors will operate satisfactorily on line

voltage within +-10% of the nameplate value or frequency

within + - 59'o combined variation not to exceed + - 10%.

Dual voltage motors can be connected for the desired

voltage using instructions on the nameplate or connection
b

diagram.

Wiring of motor, con trol, overload protection, and gro'~,nd-

ing should meet the National Elecu-ical.Code and local

building codes.

Maintenance
Inspection

Inspect the motor at regular intervals. Keep motor clean

and ventilating openings clear.

Lubrication

Ball bearing motors are adequately lubricated at the fac-

tory. Motors, if equipped with grease fittings, should be

relubricated at intervals consistent with type of service

(refer to Table 7) to provide maximum bearing life. Exces-

sive or too frequent lubrication may damage the motor.

Relubricate the motor with GE-DCrA2C5 grease unless

special grease is specified on the nameplate. For best

purging of old grease, relubricate while the motor is warm

and the shaft stationary.

WARNING: Do notrelubricate while the motor

running.

Remove caps on the fan cover for access to the grease plugs.

On the drive end and opposite drive end of motors with

pipe plugs, insert a lubrication fitting. Remove the other

plug for grease relief of all motors. Clean grease relief

opening of any hardened grease. Be sure fittings are clean

and free of dirt. Using a low pressure, hand operated

grease gun, pump in clean recommended grease until new

grease appears at the relief hole. After relubricating, allow

the motor to run for ten minutes before replacing relief

Plug•



TABLE 7

BLOWER MOTOR LUBRICATION GUIDE

Type of Typical HP Lubrication Interval
Service Examples Range Horizontal Vertical

S 1 or 2 Shifts .5 - 7.5 7 yrs. 3 yrs.
T
A
D
A
R
D

Severe Continuous Duty .5 - 7.5 4 yrs. 1.5 yrs.
and/or

Severe Vibration

Very Dirt and Vibration .5 - 7.5 9 mos. 6 mos.
Severe and/or

High Ambient

Motor windings

To clean motors, use a soft brush and, if necessary, a slow

acting solvent in a well ventilated room.

WARNIlITG: Do not use solvents on windings of

:the DC motor:

Brake
Flange-mounted brakes maybe mounted on the accessory

rabbet. Since the accessory stub shaft is not suitable for use

with a brake, the standard NEMA commutator end shaft

extension should be ordered when such use is planned.

Standard brakes are designed for horizontal floor mount-

ingonly. When motors are sidewall or ceiling mounted, the

brake must be reassembled to maintain its relation to the

horizontal. Where motors are to be mountedwith the shaft

vertical up or down, special brakes should be specified.

Brake`s used on severe applications, such as outdoor gantry

cranes, have many special features.

WARNIlVG: Improper seIecciorr or installation
of a brake and/or lack of .maintenance may

cause brake failure which can result in damage

'to ̀property and/or injury to personnel. -Brake

questions should be re#erred to GE ilsoto=s-
DM&G oc the brake manufacturer along with

the brake model and senaL number:
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General Mechanical Inspection
Check the inside of the machine for tools, metal chips, or

any other foreign material that may have accumulated

during storage or installation. Make sure that all rotating

parts have clearance from any stationary parts. Turn the

machine over by hand, if possible, and check for scraping

noises or any other signs of mechanical interference.

Check the tightness of the bolts in th feet, couplings,

bearing housings, and any other bolts that may have been

disturbed. (Refer to Table 8) Also check the torque of the

yoke bolts. When non-metallic parts or brush holders are

bolted to metallic parts use the reduced torque from Table 8A

Check the tightness of the main and commutating pole

bolts (as listed in Table 9) at start-up. Loose pole bolts

could be a source of objectionable noise when motors are

supplied from rectified power. Also check the torque of the

yoke bolts.

TABLE 8

GRADE 5 HARDWARE TORQUE VALUES

BOLT HEX
THREAD HEAD TORQUE

SIZE (inches) DIMENSION LB. FT.

1/4 - 20 7/16 7 TO 9
5/16 - 18 1/2 13 TO 17
3/8 - 16 9/16 24 TO 30
1/2 - 13 3/4 60 TO 75
5/8 - 11 15/16 120 TO 150
3/4 - 10 11/8 210 TO 260
1 - 8 11/2 460 TO 580

TABLE 8A

NON-METALIC PARTS AND BRUSH HOLDERS

BOLT HEX
THREAD HEAD TORQUE

SIZE (inches) DIMENSION LB.FT.

1 /4 - 20 7/16 5 TO 7

5/16 - 18 1/2 7 TO 9

3/8 - 16 9/16 13 TO 17

1 /2 - 13 3/4 24 TO 30

5/8 - 11 15/16 60 TO 75
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TABLE 9

COMMUTATING AND MAIN POLE
BOLT TORQUE

FRAME BOLT TORQUE Ib-ft
A BSIZE

CD180AT 3/8-16 24-30 16-20
CD210AT 3/8-16 24-30 16-20
CD250AT 3/8-16 24-30 16-20
CD280AT 1/2-13 60-75 36-45
CD320AT 1/2-13 60-75 36-45

• CD360AT/CD400AT 3/8-16 35-42 23-28
~* CD360AT/CD400AT 3/8-16 24-30 16-20

CD500AT 1/2-13 60-75 3Cr45

A. For steel bolts when assembled without lubricant
(dry threads)

B. Forsteelboltswhenassembledwithlubricatedthreads
6 radial slashes on bolt head. (Grade 8)

** 3 radial slashes on bolt head. (Grade 5)

CAUTION: s~a~a moco~, as snipped, -are
'assembled with bolts without lubricant (dry

threads. Bolts maybe replaced when necessary

with bolts with -dry threads, or with bolts lubri-

~ Fated iJith a motor oil or other suitable thread

lubricant When lubricated threads are used,

the lower torque values in column B will appty.

Tile higher torque values in column A, when.

applied fo bolts with lubricated threads, can

cause excessive bolt tension and possible bolt

b;eakage: .

Accessory Mounting
Provisions for mounting accessories on the commutator

end shield is a standard feature on frames CD210AT and

above. The rabbet has NEMA Type FC face mounting

dimensions, including the mounting bolt holes as shown in

Fig. 4. The standazd stub shaft also permits coupling

certain accessories.

WARNING: To prevent- injury from rotating

shaft, the stub shaft cover mustbe maintained in

position when the accessory mounting is not

used.

ing adapter, which can be machined for various accesso-

ries, can be ordered separately.

Inspection After Starting
The following items should be checked after the machine

is running:

Bearings
Ball-bearing orroller-bearing housing temperature should

not be more than 80°C (176°F). Check alignment and

lubrication if temperature exceeds this limit. Do not o~er-

grease• (Refer to the Regressing Procedure section of this ~-

Instruction Book.)

Noise and Vibration
Check for unusual vibration or noises that might indicate

rubbing or interference.

Vibration of new machines at the bearing housings, as

measured by a vibration meter, should not exceed the

values shown in Table 10. (The motor is moun ted alone on

rubber per NEMA method.)

The most likely cause of vibration in new machines is

misalignment due to impropAr installation, loose foot

bolts, uneven shimming under feet, or damage to machine

during shipment or installation. Current ripple due to

rectified power supply may also be a source ofvibration and

audio noise.

TABLE 10

VIBRATION VALUES

MAXIMUM AMPLITUDE
IN INCHES

RPM (PEAK TO PEAK)

3000 - 4000 Incl. .001

1500 - 2999 incl. .0015

1000 - 1499 incl. .002

999 and below .0025

Inspection After Short Time in
Service
New machines may smell warm or have the odor of vaznish,

but should not smell scorched.

ndard accessories are available as kits. These include a
After a machine has been operating for a short time, an

ety of tachometers and speed limit switches. Amount- ~' _,..,,-~
inspection should be made to ascertain that there have

18
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Ory 
"1OUnting fec:e

NOTE: Max Rnissible threadPB See machine
engapemer~t in these ~~~ ~

holes is 1.00'. location

0.24'
NOTES:~~
Accessories shaft as shown famished on ell ma-

~ e'~~ chines not having commutator end shaft exten-
8.498' Dia.

5~

sions.

' +-~ 0.40'
7,250• ~ ~ Accessories shaft is suitable for driving tachome-

pifl, ter end speed limit switch.

For brake application a keyed commutator end
0.50"-13 tap

~ (4) Holes ~ shaft extension is required.

~~~y 5~~ Famished on CD1 BOAT only when specifically w-

\ I dared.

1.1250"
1.1245• Dia.

0.18' ~ ~ 
CD180AT and CD210AT do not
have shoulders as shown.

0.44"
~ _ __ Famished on CD180AT only

_ when specifically ordered.

0.130' Die. x.375'-16 tsip 0.88' Deep
0.30' Dp ~ p~ tenter 0.75' Dia.

CD180AT-320AT

2.1250'
2.1245' Dia.

~` ~

0.875'R

(2) No. 1 a24
tap 0.60' Dp

0.500'-13 tap 1.25 Deep
60 Deg. center 0.75' Die

CD360AT

c.arav 0.525'-11 tap
2.3745' Dia 1.~' ~p 2.8750'

2.8745' Die.
so Deg. center

/ \ 1.00' Die

~a
0.875'R `

~, (22)0.375'16 tap 1.00' Deep 0.875'R

0.500'-13 tap 1.25' Deep

60 Deg. center 0.75' Dia. 
(2)0.375'-18 tap
1.00 Deep

CD400AT CD500AT

Standard commutator-end bracket
and accessory shaft extension.

Fig. 4A Accessory Mounting CD 180AT - GD500AT
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5.875'
Dia.

o.~r aa. °ry
I4) Floba e4ualfY sPaoed ^1OU^~^O f'

1 I+~ .~. ~— 4.24'

4.501' Dia C3) aides

BC42/BC46 Tachometer edspter
moues on bracket shown in Flp. 5A

Fig. 4B

3.54'
r---~ ~~

.38• Sa;~ ~ man,ur~ race

dowel
.022' ~, ~ I i

2.44' ~ ~
Dis.

rA"Dla

(2) No. 10-32 tip
90 Dsp. ~p~rt

0.25'-20 tsp
(a) Hobs cab sP~

.~

A~aory
mounting t

~ 3.96'

Removabb cover
2.501' Dia. (3) sides

Form 'Y' Tachometer adapter
mounts on.brar~cet ahovvt~ in Fig. 5A

Fig. 4C

KEY WAY„A„

WIDTH DEPTH

.6255 ,~g~5 .0937

.6250

.7505 ,1875 .0937

.7500

.5005 OMIT

.5000

.3130 OMIT

.3125

Adepts►, Saew 3 Dowd used on CD210AT-320AT only. Torsionally rigid oouplirp rated ~t
CoupNnp bolls dMedly to shat on C0.'iea50MT. .17 HP psr 100 RPM.

Fg. 4D

Fg. 4B-D Accessory Mounting CD180AT - CD500AT
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been no changes since installation. Re-torque all main and

commutating pole bolts. (Refer to Table 9.) Also check the

torque of the yoke bolo. (Refer to_ Table 8.) Check for

increased vibration, signs of change in alignment or foun-

dation settling, bolts that may have loosened, rubbing

parts, loose connections, and worsened commutation, and

take the proper steps to correct the trouble. Also, check

condition of air filters on blower ventilated machines. The

amoun t of dirt in the air varies widely between installations.

MAINTENANCE

WARNIlVGe High voltage electric shock may

cause serious or fatal injury. Disconnect power

before- touching any internal part High voltage

may be present even when the machine is not

rotating.. If used .with a rectified power supply,

disconnect all AC line connections to power

supply.`Witti other power supplies, disconnect

ali DC line and' field connections. Also, discon-

nect power from auxiliary.devices.

WARNING: Ground the machine properly w

avoid serious injury to personnel. Grounding

mustbe in accordance with the National Electri-

cal•Code and consistent with sound Local prao-

tices.

WARNING: Replace covers and protective de-

vices before operating.

Bearings (Frames CD180AT CD210AT)

Double shielded bearings are standard in these frame sizes.

The bearings are lubricated by the bearing manufacturer

and are not regreasable. These bearings should be re-

placed whenever the motor is disassembled for servicing.

Bearings (Frames CD250AT CD500AT)

Bearing°,housings are packed with grease at the factory.

Greasing is not required before the motor is put into

service. Since the oil in the grease will ultimately become

depleted, it is necessary. to relubricate bearings periodically

depending on the frame size of the motor, average operat-

ing speed, and the type of bearing (ball or roller). (Refer

to Table 11. )
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Motors operating in ambient temperatures above 40°C

should reduce interval listed in Table 11 by half.

TABLE 11

RECOMMENDED REGREASING PERIODS

RELUBRICATION
INTERVAL IN
HOURS OF
OPERATION

FRAME AVERAGE BALL ROLLER
SIZE RPM BEARING BEARING

CD250AT, 500 36000 18000
CD280AT & 1150 15000 7500
CD320AT 1750 10000 5000

3000 5000 2500

CD360AT & 500 ~ 30000 15000
CD400AT 1150 12000 6000

1750 6000 3000
3000 2500 1250

CD500AT & 500 25000 12500
CD5010AT 1150 8000 4000

1750 4000 2000
2000 2600 1300

For best lubrication results, regrease with GE grease No.

D6A2C5 or an equivalent lithium base ball bearing grease.

(Refer to Table 12.) Avoid mixing different kinds of grease.

Lubricate motor at standstill. Make sure the grease fitting

is clean and free from dirt. Remove lower grease relief plug

(reliefpipe on fan-cooled motor). Free the reliefhole from

any hardened grease. Use a hand~perated grease gun

only. Pump in grease until new grease appears at lower

grease hole. (Insert pipe occasionally on fan~ooled motors

to check for appearance of new grease.) After greasing,

allow motor to run about ten minutes before replacing

grease relief plug (or pipe) to permit excess grease to drain

out.
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~~ALI'lZON:Ifa~arge amonntofgrease ispumped
info the.motor and none appears at the.drain,
Shen remove the handhole covers-.and visually
inspect the area where the shaft protrudes thru
the cap and enc~shielcl.for grease leakage. This
would ̀indicate :that the drain is plugged up. If
th soccurs, then remove bearing cap and clean
all dried.grease out ofthe cavity and drain hole:
Refill 1J3 full. Be sure to wipe away any grease
leakage before reassembling the haridhole cov-
ers. Repeat cleaning after 12-24 hours of opera-
rian.

Replacement of Bearings

After the bearing brackets have been removed, a bearing
puller may be used to pull the bearings from the shaft.
Protect the shaft center while using the puller. On frames

CD360AT through CD500AT, it may be necessary to re-

move the bearing retaining snap ring before pulling the

bearing. Discard the old bearing. The new bearing and all
~.

mating parts should be kept extremely clean during reas-
sembly. (Refer to Table 13 when selecting replacement

bearings.)

To install a new bearing, heat the bearing to llfr127°C
(24Q260°F) in oil or in an oven. Then slip or press the
bearing on the shaft. The bearing should be mounted
tightly against the shoulder on the shaft e

After the bearing has cooled, re-install the retaining ring _
where used. Fill the grease reservoir in the inner bearing `~`
cap or cartridge 1/3 to 1/2 full of grease. Butter the
bearings and fill the grease reservoir in the bearing bracket
1/3 to 1/2 full of grease.

Brushes (Refer to Figs. 5, 6, and 7.)
Good brush performance is dependent on the care used in
fitting and adjusting the brushes before the machines are
put into service. An initial inspection of brush condition

WARP3ING: Fxtceme pressure (EP) greases should' not be used in DC machines. Insulation deterioration and
increased..brush wear.:may result firom fhe presence of silicones.

r- - - -
TABLE 12

SOURCES OF SUPPLY FOR BEARING GREASES

Temperature GE Designation Supplier Supplier's Designation

STANDARD TEMPERATURE D6A2C5 GE Supply GE Ball Bearing Grease
15°F to 212°F 158 Gaither Drive isuppiied in small
-10°C to 10Q°C Mt. Laurel, NJ 08054 tubes and cans

1-800-341-1010

Shell Oil Company Alvania No. 2
P.O. Box 2463
One Shell Plaza
Houston, TX 77002
(713) 241-420'1

Texaco, Inc. Regal AFB-2
200 Westchester Avenue
White Plains, NY 10650
f914) 253-4000

l,QW TEMPERATURE D6A4 Shell Oil Company Aeroshell No. 7
-60°F to 200°F P.O. Box 2463
-51°C to 93°C One Shell Plaza

Houston, TX 77002

~1713) 241-4201

HIGH TEMPERATURE D6A2C13 Standard Oil Company Chevron "SRI II"
-20°F to 350°F 225 Bush Street
-28°C to 176°C San Francisco, CA 94120

14151894-7700
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TABLE 13

STANDARD BALL BEARINGS FOR KINAMATiC MOTORS*

NEMA STANDARD STANDARD
COMM END DRIVE END

FRAME DIAMETER BEARING AFBMA # BEARING AFBMA #

180AT 6206 30BCO2JPP3 6206 30BCO2JPP3

210AT 6206 306CO2JPP3 6207 356CO2JPP3

250AT 6207 356CO2X3 6209 456CO2X3

280AT 6209 456CO2X3 6210 50BCO2X3

320AT 6210 506CO2X3 6211 556CO2X3

360AT 6211 55BCO2X3 6213 65BCO2X3

3610AT 6211 556CO2X3 6214 706CO2X3

3612AT 6213 656CO2X3 6214 706CO2X3

400AT 6213 656CO2X3 6214 706CO2X3

4012AT 6214 70BCO2X3 6217 85BCO2X3

500AT 6216 806CO2X3 6218 906CO2X3

5010AT 6218 906CO2X3 6222 ~ 110BCO2X3

• Motors sometimes have oversize ball bearing and roller bearing opfions

TABLE 14

MINIMUM BRUSH LENGTH (in inches)

FRAME MINIMUM BRUSH LENGTH*

CD180AT .68

CD210AT-250AT .70

CD280AT-320AT .90

CD360AT 1.10

CD400AT 1.50

C D500AT 1.60

Refer to Figs. 5, 6,7 for drawing

and another inspection after the first two months of service

is recommended to determine how often subsequent in-

spections are needed. Wear markers are provided on the

brust'~pigtail. (Refer to Figs. 6 and 7.) When the crimped

marker approaches entry into the brushholder, brush

replacement should be investigated. For future ordering,

record the brush part number which is stamped on the

brush. (Refer to Table 18.)
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CAiJTION: DC motors and generators oper- 'i

ated for long periods of dme at light loads or in I

;contaminated atmospheres may be subject. to

abnormal brush and commutatorwear..This can

.result. in the need for excessive maintenance

and/or commutator damage..If the application,..
requires.operation under these conditions, GE

IVlotors-D11R&twill be pleasedto suggests change

in brush grade or other: measures to minimize.

the. problem.

WARNING:.. High voltage and rotating machin-

ery-can cause serious or fatal injury. Brushes may.

notbe touched or replaced while the machine is

energized or rotating.

CAITTION: The presence of silicone ' in DC

motors, particularly totally enclosed coristruc-

lions, wi1T cause rapid brush wear. Sources . of

silicone include oils, RT'V compounds, hand

creams, mold release. agents, grease, and some.

insulating varnishes. These silicone substances

must be avoided to insure proper motor per-,'

formance.
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Wear

Fig. 5
Frame CD 180AT

Fig. 6 Fig. 7
Frames CD210AT-320AT Frames CD360AT-500AT

Measure Brush Length Here:

Fig. 5, 6, 7 Brushholder Assemblies

With Machines Stopped and Power Off:

(Refer to Fgs. 5, 6, and 7.)

1. Unfasten pigtail (Refer to OO ).

2. Release spring by pushing in slightly to disengage

locking tab (Refer to ~), then pull spring back.

3. Remove brush.

Brush Installation:

1. Place brush in holderwith bevel towards spring. Brushes

should move freely in holder.

2. CD180AT - Release spring to original position against

brush. CD210AT-CD500AT-Push spring into position

until lock tab (Refer to ~) engages slot and locks.

3. Connect pigtail

NOTE: If the brushholders have been disassembled, it may

be necessary to readjust the height of the holder from the

commutator surface. Loosen the brush stud to holder

'crew and adjust the holder until a gap of .070" to .080" is

btained. Retighten the screw and recheck the gap. (Refer

to Fg. 8.)
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BRUSH BRUSH
STUD

BRUSH
SPRING

.080

.070

COMMUTATOR

Fg. S Cozrert Spacing of Brushholder
to Commutator



Brush Seating
Brushes should have their commutator contact surfaces

curved to exactly fit the commutator surface. This is accom-

plished by "sanding in" the brushes in each brushholder

separately. Draw a sheet of coarse non-metallic sandpaper

(10x150 grit) under the brushes with the rough side

toward the brush, while the brushes are pressed firmly

toward the commutator. Do not use emery cloth. When

sanding brushes, do not get carbon dust into the windings.

The motor should be thoroughly blown out after sanding

the brushes. This can be accomplished by cleaning the dust

from the commutator, brushholders, and adjacent parts

with a vacuum cleaner, air blast, or other suitable means.

After the rough sanding, the brushes should be finely

ground to fit using a brush seater. Rotate motor at around

nameplate RPM. Make sure there is no load on the ma-

chine (armature current is nil). Carefully and lightly rub

the brush seater across the entire commutator surface for

10 or 15 seconds. Repeat between each and every set of

brush studs. Reverse motor rotation and repeal Stop

motor and cut all power to the motor and check brush face.

Continue seating until brush face is 85% seated. Again,

motor must be thoroughly blown out after brush seating,

the same as with sanding.

CAL31'IONe Avoid inhaling carbon and seater

dust Recommend using. a dust mask during

sanding, seating and blowing, or vacuuming.,

Wt1RNING: High voltage and rotating parts can

cause' serious or fatal injury. The use of all

electric machiner}t, like all other utilization of

concentrated power and rotating .equipment,

can be hazardous. Installation, operation, -and

maintenance of electric machinery should be

~erformed by qualified personnel. Familiariza-

dbn with NEMA.safety standards for construo-

uon and guide for selection, insrallarion and use

of in[egrai HF motors and generators, National:

Electrical Code, and sound Iocal practices is

recommended.

CAUTION: Do nor use liquid solvents of any

kind. Solvents wilt not remove carbon dust accu-

mulations, bnt wiil'spread and wash them into

critical areas.
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Commutator
Keep the commutator clean. Ordinarily,.the commutator

will require only occasional wiping with a piece of canvas or

other nonlinting cloth. Do not use lubricant or solvent on

the commutztor. Check the commutator for roughness

while running by feeling the brushes with a fibre stick,

avoiding contact with live elecu-ical or moving mechani{al

parts. Jumping brushes give advance warning of deteriora-

tion of commutator surface. (Refer to the Commutator

Check Chart, GEA 7053 for commutator surface marking

and causes of poor commutator condition.) Commutator

runout over.003"T.I.R (TotalIndicatorReading) and bar

to bar readings over .0003" indicate need for repair. (Refer

to Table 15. )

CAUTION: The presence of silicone in DC

motors, particularly totally enclosed construc-

dons, will cause rapid brush wear.: Sources of

silicone include oils, : RTV compounds, hand

creams, mold release agents,. grease, and some

insulating varnishes. These silicone substances

must be avoided to insure proper motor per-

forrr►ance. .

TABLE 15

COMMUTATOR DIAMETERS (IN INCHES)

FRAME NEW MINIMUM

CD180AT 2.76 2.62
CD210AT 4.50 4.27
CD250AT 5.00 4.75
CD280AT 5.78 5.49
CD320AT 6.50 6.17
CD360AT 7.50 7.13
CD400AT 8.32 7.92
CD500AT 10.25 9.75

Commutator Undercutting
Specifications
If the commutator is resurfaced, or during inspection or

overhaul, insure the mica segments are undercut below the

commutator surface. Commutator undercutting should be

made to a depth of .040 - .050". Following commutator re-

surfacing (stoning/turning), the segments should be

"scarfed" by lightly breaking the sharp corners of the

copper segments with a knife or tool made for that pur-

pose. Scarfing segments will reduce carbon brush dust

buildup and improve brush life.
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~.~.~lllechanical
;heck the condition of air filters and replace them if they

are dirty. Check for unusual noises which were not present

when the unit was originally installed. Check all electrical

connections for tightness. Clean out any dirt from screens,

louvers, etc. which would in terfere with flow of cooling air.

Shaft End Play
Standard endplay should be measured with a dial indica-

tor. The limits are:

1. CD180AT thru CD320AT .005" [o .040"

2. CD360AT thru CD500AT .000" to .015"

Some designs may use a wavy washer (preload spring) to

eliminate endplay. The above limits do not include the

auial endplay of the bearing itself which is approx..002".

Waterproof Machines
Waterproof machines require the use of sealing devices to

exclude water from the bearings and from entering open-

ings in the magnetframe. When awaterproofmachine has

been disassembled, it will be necessary to remove the old

`,:sling compound from around the mating surfaces of the

`° ° • '"~ Baring brackets and magnet frame; from underneath the

field pole bolt heads and bearing cap to bearing bracket

bolt heads; and from around the conduit box adapter

threads to the magnet frame. Reapply new sealant (use

Titeseal T20-66, lightweight, GE part # 905A999AC009) to

these areas and wipe excess sealant with a clean rag slightly

dampened with mineral spirits. When accessories such as

brakes and tachometers are disassembled, itwill be neces-

sary to reseal at the accessory mounting face. Prior to

reassembly, inspect for damage at gaskets around enclo-

sure covers and at shaft rubbing seals located in the bearing

caps.

Lubrication of Flexible Couplings
Flexible couplings are normally lubricated with a semi-

fluid grease or an oil. The coupling manufacturer's in-

structionsshould be followed in choosing a lubricant and

setting relubrication intervals. GE ball bearing grease

D6A2C5 is a suitable lubzicant for flexible couplings in

most applications.

Flexible couplings which join a small machine to a lazge

ae may have two different size coupling halves joined by

.n adapter plate. Couplings of this type have a separate
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lubricant supply for each half, so that both halves must be

lubricated separately.

Insulation

CAUTION: Eliminate sources of contamina-

tion and moisture-for maximum insulation life.

Air. filters for blowers, air piped from cleaner

locations, shielding from water -leaks or spry,

proper use of space heaters during downtime,

etc., will all help prolong insulation life. ~

Premature failure of insulation is due to:

1. Contamination

2. Mechanical factors

3. High temperatures

Contamination includes excessive moisture, oily vapors,

conducting and nonconducting dust, chips, and chemical

fumes. Contamination is best avoided by proper enclosure

and ventilation. Filters, ventilation from a remote clean air

source, unit coolers, and a totallyenclosed construction are

all possible means of protecting DC machines in adverse

environments. Space heaters protect againstmoisture dam-

age by maintaining the machine above dew-point during

storage or when idle. They should be arranged so that they

are automatically energized whenever power is removed

from the motor. Space heaters do not supply enough heat

for drying out windings which have been water-soaked.

Mechanical factors include shock, vibration, overspeed,

etc. Maintaining machines in good mechanical repair,

including isolation from excessive external shock and main-

tenance of smooth running conditions, will contribute to
long insulation life.

The insulation system in these machines is capable of

withstanding some short time periods of operation at

temperatures higher than that used for the basis of ma-

chine rating. Prolonged or excessively high temperature

will cause the insulation to become brittle and crack,

leading to premature failure. Application data is available

from GE Motors-DM&G for any particular machine giving

suggested maximum loads for various operating condi-

tions. Operarionwithin these maximum loads will limit the

temperature to suitable values.



Testing Methods
Visual Inspection

Visual inspection is recommended as the quickest means of

finding insulation systems troubles. Visual inspection may

not sound like a test method, but a careful visual inspection

done by a competent person is one of the most valuable

means of judging insulation condition.

In addition to collecting contaminants, insulation shrinks,

cracks, and becomes bricde with heat and age. These

changes allow movement of coils, loose filler strips, loose

ties, chafing, and abrasion, all of which can be picked up by

visual inspection.

Experience and judgment can be gained by careful obser-

vation and comparing results of visual inspections with

insulation resistance measurement GE service shops have

personnel who can inspect equipment and point out po-

tential trouble areas. Their services can help build experi-

ence and judgment for future visual inspections.

Insulation Resistar+ce Measurement

A method of measuring the insulation resistance is de-

scribed in Report 43, "Recommended Practice for Testing

Insidation Resistance of Rotating Machinery", published

by IEEE, 345 E. 47th Street, New York, NY 1001'7. The

resistance measurements should be taken with a 500- or

1000-volt megger and corrected to 104°F (40°C).

The insulation resistance measurements are affected by

the following:

1. Magnitude of test voltage.

2. Time the test voltage is applied.

3. Temperature.

4. Surface condition (contaminants).

5. 11~isture.

When a 1000-volt megger is used, taking readings of one
~.

minute and converting the data to 40°C (104°F), the data

will evaluate the other two factors, i.e., the contaminants

and the moisture present

The insulation resistance varies inversely with the winding

temperature. That is, as the temperature decreases, the in-

sulation resistance increases in accordance with Table 16.
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TABLE 16

EFFECT OF TEMPERATURE
ON INSULATION RESISTANCE

WINDING MULTIPLYING FACTOR
TEMPERATURE TO OBTAIN INSULATION
DEGREE C RESISTANCE AT

40°C (104°F)

80 10.00

70 5.50

60 3.10

50 1.70

40 1.00

30 0.55.

20 0.31

10 0.17

Note that fora 104°F (40°C) decrease in temperature, the

insulation resistance is increased by a multiplier of ten.

The insulation resistance of a machine is affected by its

design. The insulation resistance of the armature circuit

corrected to 104°F (40°C) should measure at least 1.5

megohms or cleaning is required.

If the measurements are less than this limit, the machine

should be dried or cleaned to attempt to increase the

insulation resistance. Regular, periodic measurements of

insulation resistance can give a useful indication of the rate

of insulation system deterioration. External connections

should be removed to isolate the windings to be tested and

megger value logged. A sudden drop or consistenj trend

toward low values of insulation resistance, although possi-

bly caused by moisture or contamination, generally gives

evidence that the insulation system is deteriorating and

that failure may be eminent

High-potential tests are not recommended on machines

which have been in use. If such a test is made immediately

after installation, the testvoltage should not exceed 85g'o of

the original factory test of two times the rated voltage plus

1000 volts.

NOTE: Surge testing and AC impedance tests of windings

to detect shorts should be performed only by trained

personnel.
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~~~~~°~~~Cleaning of Windings
If windings become contaminated, suitable cleaning rneth-

ods can be used to alleviate the problem.

The machine should be de~nergized and slowly rotated by

hand to permit maximum dust removal. Dry dirt, dust, or

carbon should first be vacuumed - without disturbing

adjacent areas or redistributing the contamination. Use a

small nozzle or tube connected to the vacuum cleaner to

enter into narrow openings (i.e., between commutator

risers). A soft brush on the vacuum nozzle will loosen and

allow removal of dirt more firmly attached.

This vacuum cleaning may be supplemented by blowing

with compressed air (air pressure should be in accordance

with OSHA standards), which has passed through a dryer

to remove moisture before entering the motor.

Dirt can`collect on the inside surface of the drive~nd coil

support and on the underside of the armature coils. This

dirt can be easily removed with compressed air or a vacuum.

Dirt may also accumulate in the axial vent holes which pass

all the way through the armature core and commutator. It

1 v~',`~usually will be necessary to use compressed air to blow this

.... -" dirt out. The commutator vent holes can best be cleaned by

directing air from the commutator end.

It is importan t to realize that when blowing out a machine,

dirt may settle in a previously cleaned area and it may be

necessary to repeat the cleaning process to ensure that a

thorough job is done.

Dirt can be removed from stationary parts of the machine

by either compressed air or a vacuum nozzle or a combina-

tion of both. Air should be directed between the stator

coils, into the pocket corners of bearing brackets, around

the cables, and onto the brush rigging. Special care should

be taken to keep the commutator clean. The commutator

should be wiped with a clean lint-free cloth after blowing

out.

WARNING: High voltage electric shock .can

-cause serious or fatal injury. Electrical circuits

must be de-energized prior to cleaning or other

maintenance activities.. Ground electrical cir-

cults .prior to cleaning or maintenance to dis-

charge capacitors. Failure to observe these pre-

cautions may result in injury to personnel:.
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WARNING: Solvents may be flammable and

moderately Eoxic. The usual precautions for

handling chemicals of this type must be .ob-

served. These include:

1. Avoid excessive contact`with skin.

2. Use in well ventilated areas.

3. Take necessaryprecautionstopreventfireor

explosion hazards.

WARNING: Safetyglassesand/orottierprotec-

tive equipment should be used to prevent injury

to eyes and respiratory. organs.

Oily Dirt

The presence of oil makes thorough, effective cleaning of

machines in service virtually impossible and service shop

conditioning is recommended. Oil on a surface forms a "fly

paper effect",which attracts and holds firmly any entrained

dust. Neither suction nor compressed air is ef~'ective. Con-

sequendy, only accessible areas may be cleaned. First,

remove as much of the din as possible by scraping or

brushing the direy surfaces. Then, wipe away as much dirt

as possible with dry rags. For surfaces not readily accessible,

a rag on a hook wire can be used to clean dirt out of holes

and crevices. Rags should be changed frequently for clean

ones so that contamination picked up from one area is not

carried to other less dirty areas.

To simplify removal of oily dirt, solvents are commonly

prescribed.



GE Motors
Co~nmcrtator Che~~ ~i~art

For Com~ar~nQ Commutator Surface Markings

SATISFACTORY COMMUTATOR SURFACES

_ _ ~~"`~w~~=., €, vim_

~.: .~.
n~:;;~~.

r~ ̀_ _ -
s~~ ~ ~

LIGHT TAN FILM over entire commv- MOTTLED SURFACE with rondom fil
m

rotor surface is one of many normal con- ponem is probably the most frequentl
y

ditions ohen seen on a well•f~nctioning observed condition of commutators in

machine. industry.

SLOT BARaWARKING, a slightly darker HEAVY HLM wn appeor over emirc
FJm, appears on bars in a definite pattern area of eHicienr cnd normal commutctor

relayed to number of conductors per slot. and, if uniform, is quite acceptable

WATCH FOR THESE DANGER SIGNS

STREAKING on the commutator surface signals the THREADING of commutafw 
with fine lines rnulh GROOVING is a mechanical condition caused by

beginning of serious metal tronsFer to the carbon brush. when excessive metal honsfer occurs. It usually leads abrasive material in the brush or atmosphere IF

Check the chart below for possible causes. to resurfacing of commutator and rapid brush wear. grooves form, start corrective action.

COPPER DRAG, an abnormal build-up of commutator PITCH BARaV1ARKING produces low or burned spots HEAVY SLOT BAR-MARKING can imwlve etching
 of

material, forms most oken at boiling edge of bar. Con• on the commutator surFace. The number of these mark- hailing edge of commutator bar. Pattern is related to

di~ion is rare, but can cause Hoshover if not checked. ings equals half or all the number of poles on the motor. number of conductors per slot.

CAUSES OF POOR COMMUTATOR CONDITION

Frequerrt visual inspection of commutator surfaces can atom you when any of the above 
conditions are derebgng so that you can take early corrective action. The chart below

may indicate some possible causes of these conditions, suggesting the p
roper productive maintenance.

Electrical
Adjustment

Electrical
Overload

Light
Electrical
Load

Armature
Connection

Unbalanced
Shunt
Field

Brush
Presure
(light)

Vibration

Typ¢ of Brush
In Use

~p~taminalion

Abrasive
Brush

Porous
Brush Gas

Abrasive
Dual

Streaking x x x x X X

Threading x n x X

Grooving
x X

Copper Drag x x X x

Pitch Bar-Marking X x X X X

Slot Bar-Marking x x x

HOW TO GET THE MOST VALUE FROM THIS CHART

GE Motors The purpose of the Commutator Check Chart is to help you spot undesirable commutator
 conditions as

3001 Easi Lake Road +hey develop so you can take corrective action before the condition becomes serious. This 
chart will also

Erie, PA 16531 
serve as an aid in recognizing satisfactory surFaces.

The box chart above indicates the importance of selecting the tarred brush and having the right o
perating

Ph0/~g: 8~¢-8]5-329 conditions for optimum brush life and commutator wear.

~-- -aa:•:~~~1 ~~~.+~m~tinn er halo with carbon brush opplicafion or commutation problems, contact your
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WARNING: WhileFREONTF~ isconsideredto
be non-flammable and has a relatively low order

of toxicity, it should be used only in well-venci-

latedareasthat are free from open flames. Avoid

prolonged exposure to vapors. Failure to o~

serve these precautions may result in injury to

personnel.

FREON TF is the recommended solvent for cleaning be-

cause it isnonflammable, has good solvency for grease and

oil, is considered safe with most varnishes and insulations,

and has a low order of toxicity. Stoddard Solvent has good

solvency, but is flammable and moderately toxic. Before

using any solvent, consult the Material Safety Data Sheet.

Steam cleaning is not recommended because, as with

liquid solvents, conducting contaminants may be carried

deep into inaccessible areas resulting in shorts and grounds.

FREON TF is a chlorofluorocarbon. Chlorofluorocarbons

have been identified as upper atmosphere ozone depletory.

The use of Freon in industry is expected to be .greatly

reduced in the future. The availability of Freon may be

""` ., limited, and its use could be prohibited by regulations.
i

CAUTION: Carbon brush performance maybe

ruined by absorbed solvents. Remove brushes

prior to solvent wiping.

Drying of Windings
Drying of machines is most effectively done by application

of heat. The windings and insulation should be heated so

that their temperature does not exceed 225°F (125°C) at

anylocation. (Do notmake local hotspors.) The machine's

own frame and the addition of some covers usually will

make an effective enclosure to contain the heat, if an oven

cannot be used. Some flow of air is desirable to allow

moisture to be carried away. Methods of generating heat

include blowing hot air through the machine, heating with

heat lamps, passing current through the main-field-coil

windings, etc.

If temperatures as high as 225°F (i25°C) can be attained,

they should be limited to six or eight hours duration. Lower

temperatures will cause correspondingly longer drying

times.

OO Registered trademark of the E.I. Dupont Co.
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Drying out can be ended when the insulation resistance to

ground (corrected to 40°C) is restored to a satisfactory

value as described in the Insulation Resistance section. if

these values do not reach a proper level. then a thorough

cleaning or complete reconditioning may be necessary.

Service Shop Cleaning
When the cleaning or drying methods described in pre-

ceding paragraphs do not result in restoration of accept-

able insulation resistance and/or when mack~,~nes are

extremely dirty or contaminated, it is recommended that

the reconditioning services of a GE service shop be ot~

twined. Service shops are knowledgeable and equipped for

more sophisticated restoration methods, such as hotwater

detergent wash, solvent and abrasive cleaning, revarnish-

ing, and rewinding if necessary.

Repair
Repairs should be made onl}~ by qualified personnel using

the materials and processes for which the motor was

designed. To protect the warranty during the warranty

period, all repairs must be made in a GE service shop or

approved repair facility. Many repairs can be easily per-

formedwith only assembly operations, if GE replacement

parts are available. If major repairs are undertaken (such

as rewinding an armature), proper facilities should be

available and suitable precautions observed.

WARNINGo When burning off old insulation

materials or when welding near insulation dur-

ing rewinding, adequate ventilation must be.

provided to avoid exposing personnel to nox-

iousfumes. Combustion of exhaust fumes must

be complete and adequately vented to the out-

side atmosphere.

WARNING: Exposure of personnel to airborne

inorganic fibers must be avoided by adequate

ventilation or by wetting the remaining insula-

tion components following the burning off of

the organic materials:



., Failure

WARNING: An extreme overload or elecu-ical

failure: may result. in heating or arcing, ryhich

can cause the. insulation to give off noxious

fumes All:power should be. removed from the

.motor circuit as a precaution, even though the

circuit has overload protection: Personnel should

not approach the motor until adequate ventila-

tion of the area has purged the air of fiunes.

When covers of a totally enclosed motor are

removed'after a failure, care should be observed

to-avoid breathing fumesfram inside the motor.

Preferably, time should be'aliowed for the mo-

for to cool before attempting any examination

or repair.

WARNING: Water.shouId not:be applied to any_

electrically energised equipment because elec-

tric shock' could resultin serious or"fatal injury.

In case of ire, dssconneet all power and use a

carbon dioxide extinguisher'to quenchxo Flame:

Before operating; auy motor after a suspected

failure,`it should.be inspected for damage. Re-

move covers anti. make visual inspections of the

brushes, commutator,.connecuons, and wind-

ings. Electrica~:[ests ofeach winding to check for

open or short circuit or grounds should be

made. Any arc damage should. be cleaned up

and repaired as necessary. Brushes may need re-

seapng before operation:;
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RENEWAL PARTS
Using genuine GE renewal parts assures continued high

performance and the full benefits of the long operating life

designed into your GE motor.

Downtime can be minimized by having a protective stock of

parts available for replacement. {Refer to Table 17.)

The permanently attached nameplate on your GE motor

displays the model and serial number, providing all the

information you need for ordering. Parts are available

directly from authorized GE-DM&G parts distributors. Di-

rect electronic access to the factory database of motor

information and warehouse inventories enables the dis

tributor to quickly identify part numbers, delivery times,

and order status.

Distributor location is available to you at
(814) 875-2387 (and toll free outside

Pennsylvania at 1-800-458-0451).

For your convenience, Table 18 outlines standard brush

and brush spring part numbers to assist in ordering renewal

parrs.
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SPARE PARTS

TABLE 17

RECOMMENDED SPARE PARTS

As insurance against costly downtime, it is strongly recommended that spare parts be kept on hand in

accordance with the chart below:

NUMBER OF DUPLICATE MOTORS IN SERVICE

1 2-4 5-10 11-20 More than 20DESCRIPTION

WITH OR WITHOUT ELECTRICAL SHOP FACILITIES

Complete Machine - - - ~ 2
Drive End Ball Bearing 1 1 1 2 3

Front End Ball Bearing 1 1 1 2 3
Brushes (Sets) 2 4 6 8 10
Brushholders (Sets) - 1/2 1/2 1 1

Brushholder Springs (Sets) 1/2 1 1 2 2

Main Field Coil and Pole - 1 1 2 3

Commutating Field Coil and Pole - 1 1 2 3

Armature Complete* - 1 1 2 2

Blower Vent, motors
Blower motors - 7 ~ 2 2

WITH ELECTRICAL SHOP FACILITIES

Shaft** - - - 1 1

Armature Rewinding Supplies - 1 1 2 3

* If shop facilities are available, the quantity of armatures may be reduced by stocking the armature parts

listed in the second group.
**Shaft not replaceable in CD180AT thru CD250AT.

TABLE 18

STANDARD BRUSH AND BRUSH SPRING PART NUMBERS

FRAME SIZE STANDARD BRUSH BRUSH SPRING
PART NUMBER* PART NUMBER

CD 180AT 36A167400AA001 36B467022AB001

CD210AT 36A167401 AA008 36B467020AA001

CD250AT 36A167401AA008 36B467020AA001

CD280AT 36A167402AA004 36B467021AA001

CD320AT 36A167402AA004 36B467021AA001

CD360AT 36A164456AA021 366465486AA001

CD400AT 36A164451A6018 36B465481AD001

CD500AT 36A164452AA021 36B465482AA001

*Brush part numbers are for most applications. Special applications such as papermills, pump motors,

diesel-driven generators and others may require special brush grades. Before ordering brushes, check

the part number stamped on the brush to ensure the correct brush replacement.

32



Direct Current Motors and Generators, GE~H-3967N

'1 This page left intentionally blank.
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,~.

Exploded views found on pages 34 & 35

33



Direct Current Motors and Generators, GEH-3967N

Q~r•
Name Per Motor

1. Brush 2

" 2. Brush Spring 2

3. Bearing C.E. 1

4. Bearing D.E. ]

5. Armature 1

6. Coil &Pole Comm. 2

7. Coil Main 2

8. Bearing Bracket (CE) 1

9. Access Cover I

10. Brush Rigging 1

11. Armature Fan 1

12. Bearing Bracket (DE) ]

13. Wound Frame Assembly ]

5

%'

13

3 ,_~ ~ --

1 ~ I `,~

a } ,,
~-Y. • ,~

2
6

Commutator End

Fig. 9 CD180AT Frame, Exploded View
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Section 4

POLY CHAIN ASSEMBLY



Poly Chain Transmission
General Description

Power from the electric motor and evacuation motor to the gear reducer is transmitted by
a poly chain belt and sprocket. The sprockets are specially designed to give your
installation the optimum gear ratio.

Do not change these sheaves without the approval of POMA of AMERICA.

Parts. (All part numbers are Gates Rubber Company numbers)

Electric motor sprocket (D) Part #: 14M-48S-20

Evacuation motor sprocket (E) Part #: 14M-48S-20

Gear reducer sprocket (F) Part #: 14M-50S-68

Poly chain belts: Electric (G) Part #: 14M-1960-20

Evacuation (H) Part #: 14M-1750-20

FIGURE 4-1

Section 4: 1999
V-Belt Assembly

1

A: Electric Motor
B: Evacuation Motor
(Hydraulic Motor)

C: Gearbox
D: Electric motor sprocket
E: Evacuation motor sprocket
F: Gear reducer sprocket
G: Electric Poly Chain belt
H: Evacuation Poly Chain Belt
I: Elec. tension adjustment bolt
J: Evac. tension adjustment bolt



Assemb/ y

Electric Motor Sheave

Install the Poly chain sprocket on the electric motor output shaft as close as possible to
the motor housing without interference.

Make sure the tapered-cone surface of the bushing and the mating bore of the
sprocket are free of all foreign substances,_ such as dirt, excess paint
accumulations, metal chips, lubricants, etc.

For POSITION ONE or POSITION TWO, whichever applies (see figure 4-1), line
up the unthreaded holes (C) with the threaded holes (T) and insert cap screws with
lock washers engaging only 2 or 3 threads. Screw heads should be mounted
outside to enable disassembly.

With key in shaft keyway, slide the loosely assembled unit onto shaft and position
for good belt alignment. Do not use lubricants or anti-seize compounds on
threads or tapered surfaces.

Carefully tighten the cap screws alternately and progressively until tapers are
seated (at approximately half the recommended torque).

);
Check alignment and sheave run-out (wobble) and correct as necessary.

NOTE: When properly mounted, there will be a gap between bushing flange and
sheave after screws are tightened.

CAUTION: Use of lubricants and/or excessive screw torque can cause breakage.

Tighten the set screw, when available, to hold key securely during operation.

Removal of Bushings

Loosen and remove all mounting cap screws.
Insert cap screw in all threaded jackscrew holes (J).
Start with the screw furthest from the bushing saw slot and tighten all jack screws
alternately and progressively. Keep turning the screws in small equal amounts until
the tapered surfaces disengage.

CAUTION: Excessive or unequal pressure on the jackscrews can break the bushing
flange, making removal nearly impossible without destroying the sheave.

Section 4: 1999
V-Belt Assembly
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POSITION UNE POSITION TWO

FIGURE 4-2

Note: Pacoima QD bushing #
Electric motor sprocket:
Evacuation motor sprocket:
Gearbox sprocket:

Section 4: 1999
V-Belt Assembly

Recommended
Wrench Torque Values

To Use in Tightening QD Bushings
FtJLba

Buahkq Slx~ Slz~ 8 TM~tl Nornrl,\pp~e~

JA Na 10.26 S

~~ .~ 'i.•20 9

SK ~/~r20 IS

SF X16 ~0
E '/r13 60

F ~/,r12 75

J Sirt1 196
Y y.•t0 2Y5

N ~/r9 300

P t~8 yip

~M I'h•7 600
S 1'/~~7 750

CAUTION: Ezcessbe cap-wew toque ran ~aiae sheave andla bushing 6reakeps.

CAUTION: The use d luhrran~s can rouse sheave Weakaye. Theralae, USE NO
LUBRICANTS in this instaYaSon.

E-Q~ 2.125in
E-~d 1.250in
F-0 40mm

3
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Installing Poly Chain Belts.

Note: During norKnal operation (Electric Motor) only the electric Poly Chain belt 14M-
1960-20 is installed. During evacuation use (hydraulic motor) only the evacuation Poly
Chain belt 14M-1750-20 is needed. During evacuation operation both belts may be on
the sprockets provided the electric motor has not seized. (Figure 4-1)

Loosen tension bolts. (figure 4-1)

Place the belt on the sprockets. Be careful not to use force, as this can .damage the belt
fibers. Only use the 14M-48S-20 belt on the electric motor and 14M-1750-20 on the
evacuation motor.

Before tightening, mark two fine lines across the back of the belt in the middle of the set.
(figure 4-4)

Tighten the belt in small increments by tightening the tension bolts. Rotate the
transmission (about 1 mm) after each tightening, until the length between the two lines
has increased by 1 mm for the electric motor belt and 0.8 mm for the evacuation motor
belt. (figure 4-5).

After 24 operating hours, check and retighten if necessary.

L

FIGURE 4-4

Section 4: 1999
V-Belt Assembly
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FIGURE 4-5

Electric motor belt D=1.Omm
Evacuation motor belt D=0.8mm



Aligning the Sprockets

An improper alignment of the sprockets results in the premature wearing of the belts.

Before the final tightening of the bolts that fix the motor, check the alignment of the
sheaves as indicated in figure 4-6.

Maintenance

Run lift for at least 30 minutes (no load) after changing a belt.

Recheck belt tension daily for first week and monthly thereafter.

Maintenance Schedule

Frequency Maintenance Activity

DAILY Inspect belts for abrasions, cracking and separation. Check
belt sprockets for damage, loose bolts, and foreign material
(grease, oil, etc.)

Check belt tension.

ANNUALLY Remove belts for inspection. Thoroughly inspect belt
sprockets for damage, heat cracks and distortion.

Section 4: 1999
V-Belt Assembly

Check bushing bolt torque on electric motor sprocket. Check
alignment of motor sprocket to gearbox sheave.
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EVACUATION POWER UNIT

General Description:

The auxiliary power unit for this lift is an internal combustion engine. The primary function
of this engine is to operate or to evacuate the lift in the event of a power failure. The
entire lift system will function without primary electrical power, while all safety systems
remain fully operational.

The power unit is connected to the Eaton hydraulic pump.

Parts:

INTERNAL COMBUSTION ENGINE
See accompanying manufacturer's manual.

Quick Reference (Write information from your equipment in the spaces below:)

Oil filter:

- Oil:
E ~f

Fuel:

Fuel filter:

Fuel line hose:

Air filter:

Spark plugs:

Belts:

Capacity:

Capacity:

Coolant: Capacity:

Standard adjustments:

Spare parts are available from POMA of AMERICA.

Section 5: 1999
Evacuation Power Unif
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Adjustment/Maintenance
of Evacuation Engine:

See manufacturer's manual in the Hydraulic Tension System section of this manual, for
specific engine and adjustments.

For authorized service and maintenance, contact POMA of AMERICA or a local
manufacturer's representative. .

Maintenance Schedule of Hydraulic Evacuation Drive

Frequency Maintenance Activity

DAILY *Fuel level
* Oil level
* Coolant level
* Battery level
" Hydraulic oil level

ONCE A WEEK Run the evacuation engine 10 minutes to ensure it will
operate properly. Do not engage the hydraulic motor to the
gearbox for this.

ONCE A MONTH
or as required Run the lift for 15 minutes powered by the evacuation drive.

Check the emergency stop safety circuits.

Note: An open emergency stop circuit will kill the engine,
set the service brake and the emergency brake.

Check the speed controls.

Check the rpm's.

All other inspections shall be performed in accordance with

the manufacturer's manual.

LUBRICATION See the manufacturer's manual.

Section 5: 1999
Evacuation Power Unit
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THE COMMAND 25 H
OHV V-TWINS

The Command 25. Finally there's an alternative to imported
OHVs and U.S. L-heads in the under 30 HP category.

Available in both vertical and horizontal shaft configuration,
Kohler's new high-performance Command 25 engines

offer OHV design, V-twin power, made-in America quality,
and a variety of exclusive features.

POWER-BORETM CYLINDERS
Placed with resilient nickel-silicon, an
exclusive in Kohler's doss of engines,
POWER-BORE rylinders give you:
•Increased power

`' ~ Virtually permanent rylinder lif e
•Superior oil control
•Reduced exhaust emissions
This plating is also used on high perfor-
mancerace can like Porscf~e, Ferrari,
lamborghini, Maserati and
"Formula 1' can.

~a~=:1

~~ -

~~ ~ - ~:

SMART-CHOKE"" CARBURETOR
All Command V-Twins featurESMART-CHOKE, aself-relieving choke carburetor.
SMART CHOKE adjusts the air-fuel ratio automafically for optimum starting and
prevents overchaking when a warm engine is restarted.

OVERHEAD VALVE DESIGN
OHV design maximizes fuel combustion to eruure even burning for greater fuel
efficienry. It also means virtually no carbon build up. The result... reduced
maintenance costs.

HYDRAULIC VALVE LIFTERS
Kohler hydraulic valve lifters reduce valve train noise and eliminate valve
adjustment. This makes Command's valve train nearly maintenance free.

ELERRONIC SMART-SPARK'" IGNITION
SMART-SPARK ignition retards the
spark for optimum starting and
slow-speed running, while advanc-
'igthe fimingfor peak efficienry
~d power during high-speed

.perafion. this mean faster
all-weather stark, improved power
and lower em'ssior~.

••~

TEN EXCLUSIVE REASONS TO CH~sO~~OSE KOHLER
-._ ' ~yi F .'`.

1. Nickel silicon POWER-BORE rylinders fa power and durgbd'ify ~~~
~~'~,.2 Electronic SMART-SPARK ignfion for broad RPM response -~ t_ -~_ ~

3. SMART-CHOKE carbureforfor tonsatertt aB-uieather starting
4. Hydraulic vabe rften for quiet~mamtenaxe-free operatwn ,~, .tip ;~K
5. Spedally-designed o1 cooler for heavy~uiy pow r demands .
6.Overhead valve design for greener fad eFf'idenry na d lower em~sions. -'-'

.7. Compnd sae. An ideal companion to fommand 18 20-22 models m
~_ ,, virtually the same envelope space.. ~,~ry. ,~ ~ ~_;
8. Worldwide service network with 10,000 slu~ed.~ealeis and distn~uton

_, offering genuine Kohler.replacementpargy,
~, wr' k ~. ::.

,9. Broad Kohler ~produd Gne (6HPinnd up, single and twin-cylinder) tom ;
complement your power needs ; -,r. . .

.~ 10.Only American-mode~OHV engine m ~ doss. ~ '`



MODEL SPECIFICATIONS
ENGINE TYPE: 4-fycle, Twin fylinder, Overhead Vabe, Air-fooled, Gasoline,

Horaontal and Vertical Shak, Aluminum Ganktase with
POWER-BORE Cylinders.

MODEL: CH25/CV25

POWER (~ 3600 RPM) hp (kW) 25 (18.4)'

DISPIACEMEHT tu. in. (tc1 44 (125)

BORE in. (mm) 3.27 (83)

STROKE in. (mm) 2.64 (61)

MAX TORQUE Ibs. N. (N•m) 39.5 (54) ~ 2400 RPM

COMPRESSION RATIO 4:1

DRY WEIGHT Ibs. (kg) 94 (43)

OIL (APA(ITY (w/filter) U.S. qts. (1) 2.1 (2)

'Horsepower ratings (shovm as gross) ore in accordance with Sodety of Automofive Engineers -Small Engine Test Code 11349.
Kohler Co. reserves the right to change product specifications, designs, and standard equipment without notice and without incurring o6Ggafion.

STANDARD FEATURES
•Overhead valve design •Hydraulic valve lifters
•POWER-BORE rylinders •12V solenoid-shift starter
•Oil cooler • 15A charging system
•Electronic SMART-SPARK ignition •Dual oil drains
•Easy access oil fill •Spin-on oil filter
•Dual element air cleaner -~
•Fixed jet SMART-CHOKE carburetor

POPULAR FACTORY OPTIONS"
•Mufflers •Muffler exhaust deflector
•Close regulation governor •Muffler spark arrestor
•High altitude kit •25A charging system
•Choice of crankshafts •Flywheel-mounted PTOs
•Remote oil filter •PTO thrust bearing (b001bs)
•In-line fuel filter •SAE A/B pump mounh w/spline
•Engine-mounted controls crankshafts
w/ignition key svritch

•Oil Sentry`"' system

'• Aondard on some d~tnbutor basic engines, optional on DEM engines Ymies between rertiml and hauonlal slwh engines.

3.



25 HP
HORIZONTAL SHAFT v-TWIN

When you choose Kohler's fommand 25 hp
horizontal shaft V-Twin, you're choosing the industry's

environmental leader in engine power.

SPECIALLY DESIGNED OIL COOLER
Kohler's speaolly-designed oil cooler
helps maintain the lowest possible oil
temperature during the entire power
range, regardless of application or
duty rycle. It also proieds the
environment by extending oil
change intervals.

ENVIRONMENTAL LEADERSHIP
Command's CO and HC + NOx exhaust emissions ore lower than California's
standards and well below the emissions of the competition. Command is
also the "quiet" winner in noise emissions. (Competitive product purchased
•~ndomly from manufacturer's source of supply. Based on a 1992 test.)
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HORIZONTAL SHAFT
DIMENSIONS

(Bose engine illu~rated)
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MODEL• (H25 (SPEC SERIES 685XX)
SPEf VARIATION: 00/01/07 03 04 06
PTO TYPE ARAIGHi ARAIGHT TAPER SPLINE
PTO DIAJ4IETER 36.5 (1.438) 28.6 (1.125) 38.1 (1.50) 38.1(1.50)
PTO LGTH RO FACE): 113.2 (4.453) 101.5 (4.00) 100.0 (3.94) 11.5 (0.452)
PTO TAPER: N/A N/A (1.25VFOOT N/A
PTO TOOTH/ADAPTQR N/A N/A N/A 13/il'PE'B'
PTO DRIU 8 TAP: 5/8-18 UNF-2B 1/16-20 UNF-1B i/16-24 UNF-26 N/A
TAP DEPTH: 38.1(1.50) 38.1(1.50) 15.9 (0.625) N/A
PTO KEYWAY WIDTH: 9.53 (0.315) 6.3510.25) N/A N/A
BOLT URfLE DUL•_ (5.625.1)5) (5.615,1.75) (5.625,1.75) (5.625,1.75)
PILOT DIA.: (1.00) (1.00) (6.437) N/A

MOTE (onlact Kohler represadolire for spedd uonkshahs a mounMnp foes not shoMm here.
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25 HP
VERTICAL SHAFT V-TWIN

Kohler's Command 25 hp vertical shaft engine is designed
to last even under extreme conditions, specifically in
lawn tractor and commercial mowing applications.

With full-p ressure lubrication, POWER-BORE cylinders,
and Kohler's proven overhead valve design, your
Command verficalshah V-Twin will deliver the
horsepower you need throughout its long life.

HIGH-EFFICIENCY QIR FILTER
'' S1er vertical shaft V-Twins are available with standard or commercial mower

cleaner designs. Both feature dual element fihering to trap dust and dirt as
..pie as 2 microns._ thaYs ~/30th the diomeler of a human hair.

•Standard design (shown leh) allows
engine to fit tompadly into nearly any
application.

• [ommerdal mower design (shown
'~°~ above, right) features a larger capacity,

425 square inch filter area. The extra
capacity a ideal for mowing operations
and the ̀ out-front"position makes
regular maintenance quick and easy.

SPECIALLY DESIGNED OIL GOOIER
Kohlers specially-designed oil cooler
helps maintain the lowest passible oil
temperatures Buring the entire power
range, regardless of application or
duly ryde. B requires less maintenance
by extending oil change intervals.
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VERTICAL SHAFT
DIMENSIONS
~((ommerd~ mowing engine ~lustraied)

,n.a~
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8.35 1 .250 I .~ PLU3 3~B
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~•~1 1 .055 1
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OIL FILTER SIDE

'~~ ~'~~~~~:CRANKSHAFT/MOUNTING FACE OPTIONS rx.
DIMENSIONS: MM (IN)
MODEL• (V25 (SPEC SERIES 695XX)
SPEf VARIATION: 00/Ol
PTO TYPE STRAIGHT
PTO DIAMETER: 18.6 (1.125)
PTO LGTH (TO FACE): 84.3 (3.32)
PTO DRill 8 TAP: 1/16-10 UNF-1B
TAP DEPTH: 38.1(1.50)
PTO KEYWAY WIDTH: 6.3510.25)
BOLT (IRCIf DIA.: 254.0 (10.0)
PILOT DIA.: N/A

NOTE [nntad Kohler representative fa spedal aankslafls a mamt6g (ores nol shorn here.
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Section 6

GENSET



GENSET

General Description:

The genset power unit for this lift is an internal combustion engine.. The primary function
of this engine is to supply electrical power to operate the lift in the event of a power
failure. The entire lift system will function without primary electrical power, while all safety
systems remain fully operational.

Parts:

INTERNAL COMBUSTION ENGINE
See accompanying manufacturer's manual.

Quick Reference (Write information from your equipment in the spaces below:)

Oil filter:

Oil: Capacity:

Fuel:

Fuel filter:

Fuel line hose:

Air filter:

Belts:

Coolant:

Standard adjustments:

Spare parts are available from POMA of AMERICA.

Section 6: 1999
Genset Unrt

Capacity:

Capacity:



Adjustment/Maintenance
of Genset Engine:

See manufacturer's manual for specific engine and adjustments.

For authorized service and maintenance, contact POMA of AMERICA or a local
manufacturer's representative.

Maintenance Schedule of Hydraulic Evacuation Drive

Frequency Maintenance Activity

DAILY *Fuel level
* Oil level
* Coolant level
* Battery level

ONCE A WEEK Run the evacuation engine 10 minutes to ensure it will

_i operate properly.

ONCE A MONTH
or as required Run the lift for 15 minutes powered by the genset drive.

Check for proper power supply to lift.

All other inspections shall be performed in accordance with

the manufacturer's manual.

LUBRICATION See the manufacturer's manual.

Section 6: 1999
Genset Unit
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Industrial Business Group
Worldwide Warrant

v

Commercial/Industrial
. ' Generator Sets and Systems

Limited Warranty



Base Coverage

Coverage Period _
This is a limited warranty which applies to all OnanOand coverage period begins on the date the unit is first used
Cummins ~ brand Industrial generator sets and associated for such rental or demonstration purposes. This
switches, switchgear, and accessories (hereafter referred to warranty is extended to all subsequent owners of the
as "Products".) Products will be free from defects in material unit during the coverage period.
and workmanship for a period of one year from the date of Repair or replacement parts are warranted for ninety (90)
initial start—up of the Product. In the case of units used for days from date of purchase, excluding labor and travel
rental or demonstration purposes, the one year ~ expenses. ,~

Onan's Responsibilities
Onan's liability and owner's sole remedy are limited to the
repair or replacement, at Onan's option, of the Product or
parts that do not conform to this warranty.

In accordance with Onan's Warranty Administration policies,
Onan will pay for the parts and labor required to repair the
unit and, when necessary, reasonable labor expenses
associated with the removal and reinstallation of the Product
if such work is done by an authorized Cummins/Onan
Distributor or designated service representative.

Owner's .Responsibilities
The owner is obligated to install, operate and maintain the
Product in accordance with the recommendations published
by Onan, including, without limitation, operating within power
rating designation set out in Power Rating section, below.

.._ ,.. The owner is responsible for the costs associated with such
maintenance and any adjustments which may be required.

Prior to expiration of the applicable warranty and within 30
days after discovery of the warrantable failure, the owner
must notify an authorized Cummins/Onan Distributor or
designated repair facility of any warrantable failure and have
the repair or replacement made by such facility.

Installation inspection and initial start—up of
Commercial—Industrial genset or power systems must be
conducted by an authorized Cummins/Onan distributor, or
designated representative.

Power Ratings
Onan generator sets must be applied within the following
rating designations:

Standby Power Rating
The standby power rating is applicable for supplying
emergency power for the duration of normal power
interruption.

No sustained overload capability is available for this rating.
This rating is applicable to installations served by a reliable
normal utility source. This rating is only applicable to
variable loads with an average load factor of 80% of the
standby rating for a maximum of 200 hours of operation per
year. In installations served by unreliable utility sources
(where outages last longer or occur more frequently), where
operation is likely to exceed 200 hours per year, the prime
power rating should be applied. The standby rating is only
applicable for emergency and standby applications where
the generator set serves as the back-up to the normal utility
source. No sustained utility parallel operation is permitted
with this rating. For.applications requiring sustained utility
parallel operation, the prime power.or base load rating must
be utilized.

In accordance with Onan's Warranty Administration
policies, Onan will pay limited travel expenses' when ,4
necessary to make on—site repairs. See your Distributor "'
for details.

The cost of maintenance items such as oil, filter elements,
belts, and hoses will be paid for by Onan when such items
are not reusable because of the warrantable failure.

'EXCLUDES mobile applications.
'Travel for TGHAA series including transfer switch is
limited to 2-1/2 hours travel time and 100 miles round
trip.

The owner is responsible for payment of any of~the
following expenses that might be incurred as a result of a
failure under the terms of this warranty:

1. Rental equipment used to replace the equipment
being repaired, other downtime expenses, and all
business costs and losses.

2. Telephone, communication, living and travel expenses
incurred by the owner.

3. The premium costs for.overtime labor requested by
the owner.

4. The cost of air freight or other extraordinary expenses
for shipment of parts over and above premium surface
transportation.

5. Any other consequential or incidental amounts.

Prime Power Rating

The prime power rating is applicable for supplying
electric power in lieu of commercially purchased
power as set out below.

The number of allowable operating hours per year is
unlimited for variable load applications but is limited for
constant load applications as described below:

Unlimited Running Time Power

Prime power is available for an unlimited number of
annual operating hours in variable load applications.
Applications requiring any utility parallel operation at
constant load are subject to running time limitations. In
variable load applications, the average load factor
should not exceed 70% of the prime power rating. A
10% overload capability is available for a period of one
hour within a twelve hour period of operation, but not to
exceed 25 hours per year. The operating time at or
above the Prime Power Rating must not exceed 500
hours per year.



Limited Running Time Prime Power

Prime power is available for a limited number of annual
operating hours in constant load applications such as

,,.--. interruptible, load curtailment, peak shaving and other
applications that normally involve utility parallel
operation. Generator sets may operate in parallel with
the utility source up to 750 hours per year at power levels
not to exceed the Prime Power Rating. Any application
requiring more than 750 hours of operation per year at
the Prime Power Rating should use the Base Load
Power Rating.

Limitations
Onan is not responsible for the repair or replacement of
units required because of normal wear, accident, misuse,
abuse, improper installation, lack of maintenance,
unauthorized modifications, improper storage, negligence,
improper or contaminated fuel, or use of parts that do not
meet Onan specifications

NORMAL WEAR:

This warranty will not cover repair where normal use has
exhausted the life of a part or product. All mechanical
devices need periodic parts replacement and service to
perform well.

tt should be remembered that the service life of any
product is dependent on the care it receives and the
conditions under which it has to operate. Coolant heaters
will be covered for a period of one year from date of
start—up. This warranty shall not apply to starting batteries.

Features

Base Load Power Rating
The base load power rating is applicable for supplying
power continuously to a load up to 100% of the base
rating for unlimited hours.

No sustained overload capability is available at this rating.
This rating is applicable for utility base load operation. In
these applications, generator sets are operated in parallel
with a utility source and run under constant loads for
extended periods of time.

Note: In determining average load factor, loads of less
than 30% are considered as 30% and time at standstill is
not counted.

THERE IS NO OTHER EXPRESS WARRAN~d', AND NO
PERSON IS AUTHORIZED TO GIVE Af~Y OTHER
WARRANTIES OR TO ASSUME ANY OTHER
LIABILITIES ON ONAN'S BEHALF UNLESS MADE OR
ASSUMED IN WRITING BY AN OFFICER OF ONAN.

IMPLIED WARRANTIES INCLUDING
MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE ARE LIMITED TO THE
PERIODS OF COVERAGE SET FORTH ABOVE, AND
TO THE EXTENT PERMITTED BY LAW, ANY AND ALL
IMPLIED WARRANTIES ARE EXCLUDED. IN NO
EVENT IS ONAN LIABLE FOR INCIDENTAL OR
CQNSEQUENTIAL DAMAGES.

This warranty gives the owner specific legal rights. The
owner may also have other rights which vary depending on
local laws. In some areas, local laws do not allow
limitations on how long an implied warranty lasts or do not
allow the exclusion of incidental or consequential damages,
so the above limitations may not apply to you.

Extended Coverage

Several levels of Extended Coverage are available on
Industrial Products."Comprehensive, Basic, Major
Components, Prime Power and Utility Load Management.
Major components, Prime Power and Utility Load
Management.

Coverage Period
Emergency Standby Applications: Both Comprehensive
and Basic Extended Coverage are available for
gensets/systems used exclusively for emergency standby
applications, for 5 years or 1500 hours, whichever occurs
first, from date of initial start—up. Comprehensive coverage
is also available for 2 years or 1500 hours, whichever
occurs first from initial system start—up. Major Component
Extended Coverage is also available for diesel
gensets/systems rated at 200 kW/60 Hz and above, for 10
years or 3000 hours, whichever occurs first, from. date of
initial start—up. See your Distributor for details.

Extended Coverage programs are available only in the
United States and Canada. Onan provides total system
component coverage. There are NO deductibles applied to
these programs.

'"EXCLUDES TGHAA series including transfer switch

Prime Power Applications: Extended Coverage is
available for diesel gensets used in prime power
applications, for 2 years or 6000 hours, whichever occurs
first, from date of initial start—up. See your Distributor for
details.

Utility Load Management Applications: Both
Comprehensive and Basic Extended Coverage are
available for diesel gensets/systems rated at 200 kW/
60 Hz and above used exclusively in Utility Load
Management Applications, for 5 years or 4000 hours,
whichever occurs first, from the date of initial system
start—up. Comprehensive coverage is also available for 2
years or 1500 hours, whichever occurs first from initial
system start—up. See your Distributor for details.



Onan's Responsibilities
Comprehensive Extended Coverage incorporates the

';identical features contained in the Base Warranty, subject to

`the above coverage period limitations.

Basic Extended Coverage provides only replacement parts
as specified under the Base Warranty. Labor to
remove/replace the failed warrantable part is covered as
specified in the Base Warranty for 2 years from date of
initial start—up.

Major Components Extended Coverage incorporates the
identical features contained in Basic Extended Coverage up

Owner's Responsibilities
Under Comprehensive Extended Coverage owner
responsibilities are identical to those noted under the Base

Warranty.

Under Basic Extended Coverage the owner is responsible
for all expenses beyond the Base Warranty period except
the cost of the failed warrantable part and the labor to
remove/replace such failed part through the second year,
as specified in the Base Warranty.

Under Major Components Extended Coverage the owner
responsibilities are identical to those listed under Basic

Extended Coverage up to year 5 or 1500 hours, whichever

occurs first. In years 6 through 10 or hours exceeding
1500, up to 3000, the owner is responsible for all expenses

~'~~ Limitations
Extended Coverage options for Standby Applications apply
only to Cummins/Onan brand gensets and systems used
exclusively in emergency standby power applications. 10
year Extended Coverage applies only to Cummins/Onan
brand diesel gensets rated 200 kW/60 Hz and above.

Extended Coverage options for Utility Load Management
Applications apply only to Cummins/Onan brand diesel

gensets and systems rated at 200 kW/60 Hz and above
used exclusively in Utility Load Management Applications.

2 year Prime Power Extended Coverage applies only to
Cummins/Onan brand diesel gensets and packages,
including set mounted controls.

Onan Corporation
1400 73rd Avenue N. E.
Minneapolis, MN 55432
612-574-5000
Telex: 275477
Fax: 612-5748087

to year 5 or 1500 hours. In years 6 through 10, or hours
beyond 1500 up to 3000, Major Components Extended
Coverage provides only replacement parts for the following
major components: Engine — cylinder block, camshaft,
crankshaft, connecting rods, and flywheel; Alternator —
main rotor, main stator, and drive disk; Transfer Switch —
actuator motor and main contacts; and Swi#chgear —
buswork and main circuit breaker.

Prime Power Extended Coverage provides replacement
parts and labor to remove/replace the failed warrantable
part as specified in the Base Warranty.

except the cost of the failed warrantable major compc3r+ent
as specified under Onan's Responsibilities.

Under Prime Power Extended Coverage the owner is
responsible for all expenses beyond the Base Warranty
period except the cost of the failed warrantable part and
the labor to remove/replace such failed part as specified in
the Base Warranty.

For all Extended Coverage programs, the owner is
responsible for providing written documentation showing
that the product has been maintained in accordance with
Onan's published recommendations.

Gensets/systems must be registered within the Base
Warranty period. See your Cummins/Onan distributor
for details.

7 0 year Major Components, 2 year Prime Power and all
Utility Load Management Extended Coverage programs
are available only in the United States and Canada.

ALL LIMITATIONS OF BASE WARRANTY ALSO APPLY
TO EXTENDED COVERAGE.

~ 1997 Onan Corporation Printed in USA Bulletin A62001-E 3/97
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Gear Reducer

Putting into Service:

Before the initial operation of the gearbox, and after it has been filled with oil, the oil circuit
must be purged. To do this:

Operate the reduction gear with no load for about 10 minutes

Loosen oil line to input bearing and verify oil flow.

Tighten fitting.

Check and adjust oil flow indicator.

Lubricating the Gearbox:

The gears and bearings are splash lubricated or lubricated by an attached pump. These
gearboxes have no grease fittings.

Recommended Oil

* Quality: Use an extreme pressure oil for hypoid gears. If a synthetic oil is desired use
Mobil SHC 7590, meeting A.P.I. GL5.

* Viscosity: ISO scale: 68 to 100 Cst at 40° C
SAE transmissions scale: 80 W

" Leading brands:
SHELL Spirax HD 80 W GULF EP Lubricant HD 100
ARAL Getriebeol Hyp. 80 KLUBER Syntheso D 200 EP
ASBOL Topress VG 100 MOBIL Mobil HD 80 W 90
BP Hypogear EP 80 SUNOCO MP-GL 580 VG 68
ELF Tranself B 80 W TEXACO Multigear EP 80
ESSO Gear Oil GX 80 W TOTAL Transmission TM 80/90

* Quantity of oil: Oil quantities may vary depending on the type or input box and
cooling .system supplied. Check nameplate for approximate quantity
in liters for each reducer.

Section 7: 1999
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Checking the Oil Level

Check oil at the sight gauge visible through the hole in the gearbox plate. Oil level should
be near the middle of the glass

Drainin4

The gearbox must be drained at the end of the first season and then after 5000 hours of
operation, or every 5 years, whichever occurs first.

To drain:

With the oil still at its operating temperature; open the drain cock a quarter of a turn,
and take remove cap to let air in.

Pour in a little fresh oil to clear away any residues; drain off.

Close the drain cock.

Fillin4

This is required before the initial start-up and -then for each oil change.

To fill:

Fill gearbox through filler hole with appropriate quantity of oil.

Check the oil level at the sight gauge.

Run lift for 5 minutes and check oil level again.

Oil Pump

After any extended shut down period (one week or more) oil flow must be verified during
start-up.

Disassembling/ Reassembling

All internal gearbox work should be performed by a qualified technician,

All gear set work may be performed without detensioning the drive bullwheel. However, it
is necessary to de~ension the drive bullwheel if the output shaft bearings need changing.
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Maintenance of the Gearbox

Frequency Maintenance Activity

DAILY Check for leaks and housing discoloration.

MONTHLY Check the oil level. Verify oil pump pressure visually by
inspecting pressure guage.

END OF 1ST SEASON Change the oil.

START OF SEASON Verify oil flow from lubrication pump.

5 YEARS OR
5000 OPERATING Drain and change oil
HOURS.
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Drive Bullwheel

The bullwheel is lined with a rubber lining which assures good adherence between the
haul rope and the bullwheeL

Aligning the Haul Rope in the Bullwheel

With the use of the guide sheaves, raise or lower the haul rope entering and exiting the
bullwheel until the plane of the haul rope matches the plane of the bullwheel.

Checking the Adjustment

When the bullwheel is properly aligned, the haul rope should ride in the groove correctly
and enter and exit the bullwheel without twisting.

Maintenance of the Bullwheel

Frequency Maintenance Activity

MONTHLY & Verify the correct alignment of the cable in the bullwheel
AT BEGINNING &
END OF SEASON

MONTHLY Check general condition of the bullwheel lining. Replace if
more than 11/a" (30mm) is worn from original surface, less
than 3/4" (20mm) thickness remaining. See Line Equipment
and Towers Section in this manual for liner removal
procedure.
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Bullwheel Brakes
4 ton

General Description

The lift is equipped with two bullwheel brakes. These brakes are mounted on the side of
the drive bullwheel and apply braking force to the flange of the bullwheel.

These brakes are hydraulically released and. held in the ready position by a solenoid
valve. The bullwheel brakes are spring-applied when the hydraulic pressure is released
due to an normal stop; emergency stop, rollback, over-speed, or an opening of the
manual valves.

Mounting

Mount in accordance with Drawing 3038.869:

Adjustment of Brakes (Drawing 3038.869)

1. Pump brake hydraulic system up to braking pressure listed in Section 1, Lift Dafa, of
this manual.

2. Tighten bolt (K) until the shoes just touch the braking flange (both shoes must be
touching the braking track).

3. Tighten lock nut (M).

4. Pump hydraulic system up to opening pressure listed in Section 1 of this manual.

5. Loosen the 8mm bolts (R) on the switch bracket and adjust switch (N) to be
completely depressed when open and not touching when the brake is applied. See
the electrical schematics for wiring diagram.

6. Inspect brake to insure nothing is impeding the travel of the full brake assembly.
When brake is applied both shoes need to make full contact with the brake flange.

s~no~ e: ~sss
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Maintenance of Bullwhee/ Brakes

Frequency Maintenance

DAILY Observe operation of brakes; check for missing pads, broken springs or
other damage, leaks in hoses or fittings, foreign material including ice on
bullwheel braking track, or missing parts.

Check oil level.

MONTHLY Check oil level in reservoir.

Pump brakes up to braking pressure (listed in Sect. 1 of this manual). Both
shoes must be touching brake track. If they are not, adjust brakes to
compensate for shoe wear.

Check brake pad thickness. If worn to less than 3/16" thickness,
replacement is necessary. NOTE: Replacement shoes and pads must be
supplied by Poma of America, Inc. IN ORDER TO MAINTAIN BRAKE
INTEGRITY, NO SUBSTITUTIONS OF SHOES OR PADS ARE
ALLOWED.

Check adjustment of brake shoe contact switches.

t` Pull test brakes to at least minimum test value listed in Section 1.
Adjust if necessary.

ANNUALLY Relubricate Schnorr washer friction surfaces and main shafts with anti-
seize.

Check condition of hanger bolts, springs and brake assembly for loose,
broken or missing parts.

Check hydraulic system for proper oil level, leaks, dirt.

Check hoses and fittings for leaks, abrasions or damage.

Check adjustment of contact switches.

Check for worn brake shoes.

Check for proper operation, including braking pressure and opening
pressure.

Check Maintenance Section of Ethywag hydraulic system for additional
tests and checks.

EVERY 5 Replace Schnorr washers and perform annual maintenance as specified
YEARS above.
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BRAKE CONTROL SYSTEMS

Applying the Brake

The brakes can be triggered while running under normal conditions, as well as with the
standby motor, in the following ways using the systems described below.

As soon as the solenoid valve supply is opened by one of the brake control devices, the
hydraulic circuit is returned to the tank, which relieves the elastic washers and applies the
brake shoes.

Normal Stop

This can be controlled from the end terminals and cabin by a push button.

The action of these systems starts a regenerative state. of the electric motor and applies
the brake when zero speed is achieved.

While operating the lift using the evacuation motor, all stops are emergency stops.

Emergency Stop

This can be controlled from the end terminals by a manual reset push button. Once
triggered, this type of knob has to be reset manually to be able to release the brakes and
to start up the lift again..

The action of these systems cuts the power supply to the unit's solenoid valve. This will
set the emergency brake immediately and the service brake at zero speed, and cuts the
power supply to the electric motor or kills the auxiliary motor.

Overspeed or Anti-rollback Stop

Operation and Adjustments

A cable tach generator, driven by a round-belt engaged on a sheave of the main cable,
supplies a speed setpoint meter located on the control panel with a control voltage.

The setpoint meter has two adjustable indexes:

- one is set at the overspeed value, i.e. normal speed + 10%,

- the other is set at approx. -0.3 m/sec. to detect any
backward movement of the lift.

Section 8: 1999
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As the speed of the lift increases, the tach generator speed also increases and the speed
reference moves towards the overspeed setpoint. If the speed reaches the setpoint,
value the device triggers the brake and stops the lift.

If the lift starts moving backwards relative to the direction of desired travel, the polarity at
the tach generator terminals is reversed, and the device reaches the anti-rollback
setpoint. When this happens, the device also triggers the brake and stops the lift.

Testing

To test that the system functions correctly, start up the lift and move the overspeed
setpoint of the device (using the adjusting knob) below the actual speed of the lift. The
brakes should be triggered immediately.

Stopping due to Service Brake Failure

If the service brake fails to apply or fails to stop the lift within the preset amount of time for
any reason, the emergency brake will apply automatically.

Section 8: 1999
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BULLWHEEL BRAKE HYDRAULIC UNITS

General Description (Drawing 3038.877)

The brake hydraulic unit includes a system to operate each bullwheel brake

When the E-brake pump button is depressed, the 24 volt electric motor starts driving a
pump which sends pressurized oil into the circuit. Solenoid valve (7) is supplied with 24 V
DC to close the brake circuit and allow the brakes to be released as long as safeties
remain OK. Either the hand pump or the electric pump may be used to charge the
system to the bullwheel brake operating pressure as set on relief valve (4).

When the lift starts valve (7) closes to send pressurized oil to open the service brake, and
hold it open.

During a normal stop, the electrical motor will go into a regenerative state to stop the lift.
After zero speed is detected valve (7) will open and set the brake. If apre-determined
deceleration is not detected during motor regen, then the brake will set.

During an E-stop the emergency brake will be set by de-energizing the solenoid (7) which
allows oil to return to the tank via flow valve (8), this allows the rate of application of the
emergency brake to be adjusted.

In a rollback situation, solenoid (7) will de-energized instantly on both brake units,
applying the brakes as soon as possible before the lift has a chance to accelerate.

Lockout valves (10) allow either the emergency brake or service brake to be locked open
to perform brake tests or maintenance. Switch (9) monitors the proper position of these
valves and will prevent the lift from starting or running if they are not in the proper
position. The manual dump valve (14) allow the emergency and/or service brake to be
released manually.

Section 8: 1999
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Maintenance of the Service and Bullwheel Brake Hydraulic Unit and
Bullwheel Brakes

Frequency Maintenance Activity
DAILY Check the oil level in the unit and check for leaks.

Check the reading on the unit's pressure gauge for both the
service brake and emergency brake.

Visually check for broken or missing springs.

Visually check condition of brake shoes.

Check for proper operation of the brakes.

Check condition of the braking tracks on the bullwheel.

MONTHLY Carry out a brake pull test. See section.l of this manual.

ANNUALLY Check the condition of the cable tach generator V-belt.

Check for leaks

Check the condition of the braking tracks on the bullwheel.

Check the oil level and condition.

Inspect hoses for deterioration.

EVERY Change oil in reservoir.
1200 HOURS
OR Thoroughly clean reservoir.
2 YEARS

Section 8: 1999
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PUTTING HYDRAULIC UNIT INTO SERVICE

Initial Start-up

Before the first start-up of the lift, and after each oil change, service or repair; carry out
the following procedure, in the order given below.

- Insure the bullwheel braking track is clean of all paint, protectants, oil and foreign
materials.

Check that all connectors and hoses are tight. .

Fill the tank with oil until the maximum level is indicated in the sight gauge.

- Close the dump valve (14).

- Loosen hose #fittings at rams and pump up by hand to purge air.

- Obtain green safeties ok light.

- Check that the solenoid valve (7) is closed.
':~ (Center pin in top of valve must be down.)

Pressurize the circuit

- Remove cap and loosen jam nut on relief valve (4) and turn adjusting screw
counterclockwise 2 full turns.

- For unit with motor-driven pump: Run the electric motor (1) by pressing the
"e-brake pump" button in the electrical cabinet.

- Adjust the relief valve (4) until the pressure gauge (11) shows the required opening
pressure, corresponding to the adjustment listed in Section 1, Lift Data.

- To adjust the brakes, see applicable brake section.

- Adjust the speed of release of the brake cylinders.

- Set the brakes by pressing the emergency stop button.

- Screw in flow control valve screw (8) to slow activation.

- Unscrew (8) to speed up activation.

Section 8: 1999
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- Check correct operation of brake shoe contact switch by slowly opening valve
(14). _

- Check once again that the opening and setting of the brakes function correctly.

Standby Start-up

When it is impossible to use the unit's electric motor, use the hand pump (6) to pressurize
the circuit and open the brakes.

Pump until desired pressure is attained on gauge (11). Note: When using the hand
pump the pressure relief valve is bypassed so pressure needs to be monitored at the
gauge (11) at all times.

Recommended Oil

Use the same oil as used in the tensioning hydraulic unit. Which may be:

- either hydraulic oil with viscosity index > or = 150
and viscosity 32 or 37 at 40° C

- or a hydraulic oil "aviation" type or "low temperature",
13-16 Cst at 40° C and 400-500 Cst at -40° C.

Oil Change

Change the oil periodically, removing the drain plug and fill through the breather.
Check the level through the sight gauge.

Daily Start-up

Check the oil level through the sight gauge of the tank and top up if necessary.

The dump valve (14) must be closed.

Start up the unit and check the operating pressure on the pressure gauge (11).

Section 8: 1999
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ADJUSTMENT OF THE RELIEF VALVE

Determination of the pressure required depends on the adjustment of the brakes (see
Section 1, Lift Data).

To adjust the pressure, follow this procedure on the relief valve (4) on the front of the
manifold.

- Loosen the lock nut.

- Start-up the unit.

Turn the adjusting screw (4): IN to increase or OUT to decrease the pressure
reading on the gauge and obtain the opening pressure listed in Section 1, Lift Data.
Oil leakage on the threading during adjustment is normal.

- Next tighten the lock nut.

ADJUSTMENT OF THE RELEASE SPEED OF THE BRAKE CYLINDERS

,: ~ Use the adjusting screw located on the flow regulator (8) for this adjustment.

LOCKING THE CIRCUIT

To lock the brakes in the open position ,(hydraulic circuit pressurized), close the isolating
valve (10).

This releases the safety switches (9) which will not allow the lift to operate.

RETURN TO THE TANK

To lower the pressure in the circuit and cause braking from the unit, throw the lever of the
dump valve (14) to the open position.

The safety switch on each brake then prevents the lift from starting up again.

Section 8: 1999
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Hydraulic Tension System

General Description

The lift is equipped with a constant tension system designed by Poma of America, Inc.
The system operates continually during lift operation on 480 volts AC to maintain. the
correct tension on the haul rope.

NOTICE: Electrical troubleshooting should be performed by a qualified electrician.

Constant Running Pump Systems

Operation (See drawing 3038.547)

The electric motor (17) drives the variable displacement hydraulic pump (12) which
pressurizes the system to design pressure. Design pressure is controlled by the pressure
compensated pump (12). Aback-up relief .valve (11) is adjusted to open at a pressure
approximately 10% - 20% higher than design pressure. This arrangement provides
additional safety against over pressure. During normal operation, relief valve (11) should
remain closed and the pressure is regulated by the pressure compensated pump.

Two Barksdale electrical switches (14) are provided. One switch is adjusted to stop the
lift if the pressure of the system drops 10% below design pressure. A second switch is
adjusted to stop the lift if the pressure exceeds design pressure by 10°/a. The system
pressure is shown on the gauge (15). These switches should never be readjusted
without written permission and instructions from Poma of America, Inc.

Caution must be taken to ensure that the hydraulic system pressure, as well as under
pressure shutdown, over pressure shutdown and pressure compensated pump (12) are
adjusted to design specifications at all times.

Failure to maintain design pressure specifications can increase loads
on terminals, towers, and haul rope and can cause serious injury or
death as well as equipment damage.

These valves and switches are preset during load test and do not normally require further
adjustment. However, if adjustments are required, please contact Poma of America, Inc.
to verify system settings.

In the event of a power failure, a hand pump (6) is provided to maintain system pressure.
If the lift is operating without electric power, the system pressure must be checked
periodically because the pressure will change as the lift loading changes. The hand
pump must be used to maintain system pressure within design tolerances.

Section 9:7999
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A cooling system (7) consisting of a radiator and the cooling fan of the electric motor is
provided to maintain the system temperature. A two-way valve (9) is provided to bleed
pressure out of the system. A solenoid valve (10) opens when the electric pump is
running to allow fluid to be pumped either direction through the pump, depending if the
cylinders are extending or retracting. Once the system is static, the pump will go to zero
stroke and only pump to maintain pressure.

NOTE: Because the haul rope applies load to the tension terminal, and the
track rope applies load directly to the ram, the rams are under
pressure at all times. Opening valves, fittings or hose connections
can cause serious injury, death or equipment damage. The tension
carriage must be against the stops and track cable ram fully extended
and at end of travel before opening any fitting or hose.

To move the carriage to the stops and extend the track rope ram, slowly open
decompression valve (9). This will move the carriage up and track rope ram to extend.
This process has to be done slowly in order not to set the velocity fuses on the rams.
Visually inspect extension of rams. The system pressure will then drop to zero.

To clamp the track rope, contact Poma of America, Inc. for cable clamp and procedure.

NOTE: Never detention the rams with anybody in the cabin. Failure to do so
could result in injury or death.

A filter (5) is provided to filter the oil as it returns to the tank.

Velocity fuses (19) are installed on the retract piston end of the rams. These valves will
close and lock the carriage in case of a hose failure, or any time that the flow out of the
rams exceeds a certain value, typically 3 or 5 gallons per minute.

SPARE PARTS: All hydraulic tension system replacement parts are available from Poma
of America, Inc.
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Putting a New System into Service

ASSEMBLY:

Fill tank with oil. Mount rams to the drive unit and track rope anchor. Be certain to secure
linking pins with roll pins or cotter pins. Connect hoses between ram and pump unit.

NOTE: Be sure that all hoses are connected properly: piston end hoses are
connected to pressure ports on the pump unit. Anchor end hoses are
connected to return ports on pump unit.. Flush clear oil through hoses prior
to connecting to rams and pump.

Extend ram by pumping oil into anchor end. NOTE: This procedure must only be
performed while the tension is held on the service cables on track rope and lorry is
against the stops. This procedure will fill the backside of rams with oil and evacuate the
air.

Connect ram piston rod to track rope socket anchor (track rope) and drive tower anchor
(haul rope). Again secure the linking pins with roll pins or cotter pins.

INITIAL START-UP:

Before start-up, check that all hoses are correctly connected.

Check that the reservoir is full of oil. Choose a hydraulic oil which has the following
characteristics:

- very high viscosity index: > 150
- viscosity: from 32 to 37 Cst at 40° C
- aniline point: 94 to 100 approx.
- pour point: < -35° C
- flash point: > 190° C approx.

Close decompression valve (9).

Start-up electric motor.

When the cable is under tension, check the oil pressure.

Check that there is no external leakage at hose connections.

Check oil level in reservoir and, if necessary, add oil to maintain tank between
ti3 and 3/4 full
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CHECKING THE TRIP SYSTEM:

Pressurize the circuit and open the decompression valve (9), to decrease the pressure
slowly. The pressure switch should stop the lift when the nominal pressure is lowered by
10%. Increase the system pressure by screwing the alien head adjustment screw on the
pump in until the pressure is increased 10%. The pressure switch should stop the lift.

SAFETY VALVE FITTED ON RAMS:

The safety valves (19), fitted on the rams, close if the hose between the rams and the unit
fails.

To test that the safety valves work properly, open the decompression valve (9) suddenly;
the carriage and track rope should lock in position. NOTE: Never use safety valves to
hold the carriage while working on the pump.

Section 9: 1999
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Limit Switch

GENERAL DESCRIPTION

This device serves to stop the lift before the ram reaches either of its end positions.

- Ram mounted: Figure 9-1: These switches are attached directly to the
track rope ram.

- Carriage mounted: Figure 9-2: These switches are attached directly to the
carriage guide.

RAM MOUNTED LIMIT SWITCHES

OPERATION (see figure 9-1)

When the ram piston (1) is extended or retracted.

- As the ram is extended the collar (2) attached to the piston (1) will move away from
the ram housing (4). A rod (5) is attached to the ram housing (4) with two
mounting brackets (6). Therefore the rod (5) remains stationary with, respect to the
piston (1). Switches (3) are mounted to the stationary rod. As the piston (1) is
extended or retracted, the collar (2) will move with it. As the collar (2) passes the
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switches (3) the switches are tripped before the end of travel of the ram is reached.

ADJUSTMENT:

- Clamp the switches (3) on the fixed rod (5) in a position so the collar (2) will trip the
switches before end of travel is reached.

- Fully load the cabin (without people) and run the lift to the return. Mark the maximum
extent of the ram collar (2) with respect to the fixed rod (5). Adjust the switch (closest
to the track rope) 4-bin from the mark towards the track rope.

- Dock the cabin at the drive and completely unload it. Adjust the switch (farthest from
the track rope) 4-bin from the .collar away from the track rope.

- Make note of the distance between the switches after adjustment. This distance
should be maintained considering temperature and rope stretch.

- Trip the switches by hand to check that it actually stops the lift.

NOTE: Track rope ram maximum extension = 217in center of pin to center of pin.
Minimum retraction = 119 3/bin center of pin to center of pin

Section 9: 1999
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CARRIAGE MOUNTED LIMlT SWITCHES

FIGURE 9-2

OPERATION (see figure 9-2)

When the ram (1) is extended or retracted.

- As the ram is extended the carriage (2) moves up. The bottom carriage guide
(3) passes by and trips the limit switch (5) mounted to the rail (7) attached to the
drive tower. When the ram is retracted the carriage (2) moves down. The top
carriage guide (4) passes by and trips the limit switch (6) mounted to the rail (7)
attached to the drive tower. The switches are tripped before end of travel is
reached.
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ADJUSTMENT: (See Figure 9-2)

- Clamp the switches (5,6) on the rail (7) in a position so the carriage guides (3,4) will trip
the switches before end of travel is reached.

- Fully load the cabin (without people) and run the lift to the return. Mark the maximum
extent of the bottom carriage guide (3) with respect to the rail (7). Adjust the bottom
switch tin above the mark.

- Dock the cabin at the drive and completely unload it. Adjust the top switch tin below
the top carriage guide (4).

- Make note of the distance between the switches after adjustment. This distance
should be maintained considering temperature and rope stretch.

- Trip the switches by hand to check that it actually stops the lift.

NOTE: Carriage ram maximum extension = 58.38in center of pin to center of pin.
Minimum retraction = 34:38in center of pin to center of pin

Do not allow ram to extend completely. Always stop at a minimum of 2"
from maximum position.
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Troubleshooting the Tensioning System

PROBLEMS CAUSES REMEDIES

The system cannot Lack of oil Top off the oil level and
be pressurized ~ check that there is no leak.

Incorrect Check that the valve (9)
operation is fully closed.

Defective Check the condition of relief
relief valve valve unit (i.e. O-rings, dirt).

Defective pump Replace the pump.
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Maintenance Schedule for Tensioning System

Frequency Maintenance Activity

AFTER THE FIRST Check the filter element as follows:
10 HOURS -stop hydraulic pump operation

- remove filter
- if necessary, change element (never attempt
to clean it as this may damage element)

= clean magnetic core (if applicable) with a cloth
- re-assemble

DAILY Operating pressure: check the value on the pressure gauge.
Verify that it matches design pressure.

Rams and carriage: make sure they have not reached their
end position.

Check that there is no leakage.

Check motor and pump for any abnormal noises.

Check the oil level.

MONTHLY Pressure switch: check for correct operation.

Check valve (10): check that the pressure reading on the
pressure gauge is maintained when the lift is stopped.

Safety valves (19) fitted on rams: check for correct operation.

Limit switch: check general condition and that tripping the
switch stops the lift.

Grease spherical bushings on rams with MOBIL MOBILITH
SHC 460 or equivalent.

Visually inspect hydraulic hoses and fittings for signs of wear.

AFTER EVERY Change filter element.
1000 HOURS

AFTER EVERY Empty hydraulic reservoir and refill with new hydraulic oil.
1000 HOURS or
2 YEARS NOTE: NEVER MIX DIFFERENT BRANDS OF OIL.
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'1.0 Introduction
Congratulations, nn the purchase of your TEI Engineered Products, Inc. Hydraulic Power Unit (HPLn. In
addition to the HPU, you have also received access to these additional benefits:

Factory Trained/Certified Txhnicians:
Our technicians are fully trained in all aspects of hydraulic component operations including pumps,
motors, valves and cylinders. With over 25 years of service in the shop and the engineering support
including Professional Engineers to back them up, we can service all of your hydraulic needs, in a timely
fashion and with guaranteed results.

Lar¢e Component Part Inventory:
TEI maintains one of the largest hydraulic parts inventories in the Rocky Mountain Region. Many
pumps/motors/valves are maintained in component stock so we can pull immediately for rebuilding our
customer's equipment. In addition, we maintain pumps and motors in a rebuilt state to sell in a Rebuilt-
Exchange Program (RBX). This provides you with a quicker turn-around and lower down-time, thus
saving you money.

On-Site Traininst:
New systems always work as designed, but Inter after warranty runs out and repairs are needed we are
certainly available to assist with service ar we can provide training for your service/maintenance
personnel. By providing this training, you will find improved up-time, lower cost of operation, and higher
moral.

1. t Unpacking end Inspection
On receiving the unit, inspect the unit thoroughly for external damage.

When unpacking your Cabinet be careful not to damage any electronics, valve handles, etc. which may
protruding from the Cabinet.

Once the unit has been unpacked, inspect it to ensure that ono damage has occurred during freight. If you.
discover damage has occurred, take a photograph of the damaged area and notify the freight carrier
immediately.

RBV: 0
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1.2 Warranty and Service

TEI Engineered Product, Inc. (TEn warrants the equipt~lent or parts supplied by TEI against defects in design
material and worlvnanship for a period of twelve (12) months from date of shipment from TEI. if the original
purchaser, within twelve (12) months of original shipment by TEI, reships the product a5 a component of a machine
manufactured by such purchaser or from the original purchaser's stock, the warranty will be extended for a period
equal to six (6) months from the date of shipment from the original purchaser. For the extension of warranty to be
effective, documentation will be required to verify the purchase of such equipment from TEI and subsequent sale by .
such purchaser. if the equipment is rebuilt or repaired by TEI during the original new product warranty, the warranty
shall continue for the balance of the original warranty period or fa a period equal to six (6) months, whichever is.
longer. Repairs made outside the warrenty period will be warranted against defects in material and worlvnanship for
a period of six (6) months from the date of repair.

if any failure to conform with the applicable warranty develops during the specified period under normal end proper
use and provided the equipment has been properly stored, installed, and maintained, TEI shall, if given prompt notice
by purchaser within the warranty period set forth herein, correct such non-conformity at its option, either by repair or
replacement, F.O.B. repair facility or by refund of the purchase price of the nonconforming equipment or part.

When the natwe of the defect is such that-it is appropriate in the judgment of TEI to do so, repairs will be made, at
TEI's option, at the equipment site. Repair or replacement under applicable warranty shall be made at no charge to
customer fvr replacement of defective parts and warranty labor when work is performed during normal working hours
8:00 a.m. to 4:30 p.m., Monday through Friday, exclusive of holidays. Labor performed at other times at the request
of purchaser will be billed at the applicable rate then prevailing for services of TEI personnel. Serviceman travel
time, transportation and living costs are the sole fesponsibility of the purchaser and will be billed at a rate of 1'0%
above actual costs incurred. Replaced equipment or parts become the property of 7'EI.

The warranty contained herein shall not apply to: defects in materials provided by purchaser; design stipulated by
purchaser; or sale of used equipment or components furnished by TEI, but not manufactured by TEI.

The warranty contained herein shall terminate if the equipment failure giving rise to a claim under warranty results
from (a) unauthorized modification, repair or alteration, (b) improper operation, application, maintenance or
installation, (c) damage during shipment,.(d) operation, handling or other dealings with the equipment in a negligent
manner, or (e) abnormal conditions or temperature, moisture, dirt or corrosive matter.

The warranty contained herein shall not apply to damages es a result of acts of God, War, or Civil Insurrection, nor
shall it apply to products which, in the sole judgment of TEI, have been subject to negligence, abuse, accident,
tampering or alteration, nor to other than normal application, use, and semce.

THE WARRANTIES, RIGHTS AND REMEDIES SET FORTH ARE EXCLUSIVE AND 1N L~U OF ALL OTHER
WARRAN'T~S, REPRESENTATIONS, CONDITIONS, RIGHTS AND REMED~S WITH RESPECT TO THE
EQUII'MENT, EXPRESS OR IMPLIED OR STATUTORY OR OTHER WISE AND WHETHER WRITTEN OR
ORAL, AND ALL OTF~R WARRANTS, REPRESENTATIONS, CONDITIONS, RIGHTS AND REMED~S,
RdCLUDING, BUT NOT LIIvtTIED TO ,ANY WARRANTY OF MERCHANTABILITY, DURABII,ITY OR
FITNESS FOR A PARTICULAR PURPOSE, ARE HEREBY EXPRESSLY DISCLAIMED, EXCLUDED AND
WANED BY PURCHASER TO THE FULLEST EXTENT PERMITTED BY LAW.

EXCEPT TO TFiE EXTENT SPEC~'ICALLY SET FORTH II~l THIS LQvITTED WARRANTY, TEI SHALL NOT BE
LIABLE AND DISCLAIMS ALL LIABII,ITY FOR CONSEQUENTIAL DAMAGE OR INJURY (FATAL OR
OTF-IERWISE) OF EVERY KIND (WHETHER CLASSIFIED AS DIRECT, SPECIAL., INDIItECT, INCIDENTAL
OR CON3EQUENT[AL DAMAGES).

Correction ofnon-conformities in the manner and for the period of time provided above shall be purchaser's
exclusive remedy and shall constitute fulfillment of all liabilities of TEI, whether in warranty, mntrad, negligence,
tort or otherwise with respect to the quality of the equipment.

TE[ shall not be responsible for providing working access to the defect, including disassembly and re-assembly of the
-- equipment or for providing transportation to end from repair facility, all of which shall be at purchaser's expense.

REV: 0
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1.3 Using this Manual
Using this manual is very simple. Look through it completely before any action occurs with the system.
Become familiar with the table of contents, start-up instruction, maintenance procedures, and the
specifications. By following all instructions carefully, there is less risk to the machinery.

7.4 /ntroductlon to the HPI!
To become more familiar with the unit, locate the general arrangement and hydraulic schematic drawings,
located in the Specifications section of this manual. Locate all critical locations and components on the
HPU (i.e. electrical connection, customer hydraulic connections, etc.). Familiarize yourself with the
hydraulic symbols on the schematic and correlate those symbols to the components on the system.

2.0 Fluids and Filtration

2. f Fluid Recommendation
The fluid recommended for this HPU is Mobile DTE 25

All hydraulic oil has a definite, useful life span, and when it has deteriorated to near the danger point, it
should be discarded.

One major cause of short oil life is operation at too high a temperature. This speeds up the oxidation
process, which forms acids and sludge in the oil, causing rapid wear and corrosion to moving parts within
the system. Depending upon the oil.sele~ted, the oil temperature shwld range Gom 120° to 140° F.
Check your oil temperature occasionally with a thermometer, or by simply placing your hand on the
reservoir. At 120°Fit is uncomfortable to leave your hand on the reservoir for more than two or flues
seconds. If the tank is too hot to be touched at all, check it with a thermometer.

2.2 Fluid Cleanliness
Fluid must be cleaned before and continuously during operation by filters that maintain a cleanliness level

ofNAS 1638 Class 8. This approximately corresponds to ISO 17/14. Better cleanliness levels will
significantly extend the life of the components. As contaminant entrainment and contaminant generation

may vary with each application, each must be analyzed to determine proper filtration to maintain the
required cleanliness level.

COMPARISON OF SOLD CONTAMINATION CLASSIFICATION SYSTEMS

NATIONAL AEROSPACE STANDARD (NAS)1663

a.~ss
00 0 l Z 3 1 S 6 7 6 9 10 11 12

PAIlT1CLE

SIZE
RANEE

5-13 125 230 S00 1000 2000 1000 8000 16000 )20W 64000 118000 256000 SIY000 IO2~000

IS•2S 22 M 89 I1B 756 712 1425 2lSO 5700 11100 22800 X5600 9120D 18]400

?S-S ~ 7 16 72 67 126 237 S06 1012 2025 4050 1100 16200 )2400

50.1 I 2 3 6 II 73 ~! 90 180 360 720 1440 2880 3760

>1 0 0 1 1 2 ~ 8 16 32 64 12! 2S6 312 102

MAXR.IUM

PARI7CLE5
>S 152 )04 609 1217 24)2 ~8W 9TlI 19462 1892 77849 155696 311796 622792 12155&1

CIS 27 54 X09 2l7 X72 864 1731 7462 6924 13849 27698 55396 110792 22ISN
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ISO: DIS 4406; SAE J1185

150 SOi.m COKTAI~IANT CODE
!fS 9/6 IM 1116 13N 1]fl0 IUII IS/t2 16f1~ 17/11 1N1! 19!16 2W17 11/1! fLl9

"~^x >5 230 S~0 1000 2000 1000 6000 160pp 72000 61000 170000 250000 SOD000 1000000 700D000 IOOOOOD
r"~. >IS 72 61 1J0 2S0 SOD 1000 2000 4000 8000 16000 72000 64000 U0000 250000 500000

NOTE: ALL IvtEASURE[v~NTS ARE FORA 100 ML SAMPLE SIZE

Make a visual inspection of the oil every month. Compare the color and body with an unused sample of
the same oil. A slight darkening is usually not serious, but a deep, dark color or a noticeable thickening
may indicate a serious deterioration. Feel a smudge of oil between your fingers to detect small pieces of
grit. If metal flakes and/or grit is found, the oil should be cleaned using a filter cart.

2.3 The Importance of Filtraflon
Proper filtration of the hydraulic fluid will help ensure long life of the system, assuming proper oil is used
at the proper temperature. The minimum filtration requirement for any hydraulic system is return line
filtration of 10 micron nominal, but under no circumstances should oil cleanliness levels exceed ISO
l7/l4. It is recommended that the following maintenance schedule be adopted: Change filter element
after first 50 hours of service, then every 1,000 hours or every 3 months, which ever comes first. If filter
is fitted with a clogging/bypass indicator, then element must be changed when indicator shows that filter
is plugged or bypassing, even though above time has not passed.

WARNI[VG Scrupulous cleanliness is essential during element
change. Dirt on the downstream side of the element
will pass into the system; Dirt on the upstream side

~~ will reduce the effective life of the element.

IMPORTANT On systems operating in heavily contaminated
environments, such as mobile equipment, foundries,
steel mills, etc. it is recommended the above filter
life be d~rate~ to 500 hours/1.5 months.

2.3.1 Element Installation Instructions

SPIN-ON CANISTER TYPE FILTERS
1. Make sure filter's rubber gasket is seated in place.
2. Clean and inspect gasket contact surface on filter head
3. Lubricate filter gasket with clean hydraulic fluid.
4. Use no tools. Install by hand until gasket contacts mounting base -then tighten 1/2 turn (14 ft-Ib).
5. Run system: Check for leaks, let 5 minutes elapse, and check again.
6. Check reservoir oil level.

NOTE: Most states have laws requiring the crushing of filter elements to remove the majority of
the oil. Also, hydraulic fluid must be handled as a hazardous waste.

ELEMENT-iN-BOWL TYPE FILTERS
1. Place suitable receptacle beneath filter to catch spillage
2. Remove lid screws and lift-off lid, unscrew bowl, or remove bowl-to-head screws and drop bowl.
3. Remove element and discard in an envvonmentally friendly way.
4. On fixed bowl types, wipe out thoroughly with clean linen rag. On removable bowl types, thoroughly

wash interior of bowl with cleaning solvent.

~~: o
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5. .Inspect the O-Ring and contact surface for nicks and scratches and replace or dress-up to achieve
sealing. Lubricate 0.Ring with clean hydraulic fluid.

6. Reverse above instructions for re-assembly
7. Function system to expel air and chxk filter for external leaks
8. Check reservoir oil level.

WARNING Disposable elements must be properly
disposed of. NO attempt whatsoever should
be made at cleaning the element.

3.0 Internal Settings
The HPU has bey designed to accomplish a function. The specifications to this particular HPU are:

Comp II
HYDRAULIC SPECIFICATIONS PRIME MOVER SPECIFICATIONS
Maximum S tem Pressure: 3000 si Prime Mover T Electric
Normal atin Pressure 1723 si Horse Power: . 3
Maximum Flow: 2.25 GPM Volta e: 208-230 / 460
Normal tin Flow: 2.00 GPM Shaft S ced RPM : 1740

Mini-Evac
HYDRAULIC SPECIFICATIONS PRIME MOVER SPECIFICATIONS
Maximum S em Pressure: 250U si Prime Mover T e: Internal Comb.
Normal eratin Pressure 2000 si Horse Power: 25
Maximum Flow: 20.0 GPM Fuel: Gas — Unleaded
Normal atin Flow: 10.0 GPM Shaft S M : 1250 - 3000

NOTE: Sa Spocifications roctions for more detailed fnforn~etion on tfie individual eomponentc

4.0 Installation and Start-Up of HPU
Safety should be first and foremost during installation and start-up. Safety glasses and protective clothing
should be worn at all times during installation, start-up, tuning, and normal running conditions. Ap
personnel should be clear of any dangerous areas BEFORE any start-up. All guards and protection
devices should be in then proper place. Always ensure someone is standing ready by emergency
shutdown switches in case of emergency.

Documentation is also very important during installation and start-up. Record all pertinent readings after
initial flushing/run-in period for maintenance records. These readings include: Pressures, voltage, amps,
flow, noise level, oil temperature, amount of fluid needed to fill system, and part numbers on all
consumables (i.e. filters). Machine cycle time should also be noted to be used in trouble shooting
situations.

4.1 Insfallatlon of HPU
Place the unit in the place where it is to be installed. Level unit using shims if necessary. Attach hoses or
tubing to the customer connections provided. Install the electrical power to motor and wire all electrical
devices. Fill the reservoir with specified oil.

~~: o
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1 WARNING Warranties are not valid unless ro startin and maintenance rocedures are followed.

4.2 Start Up Procedure
Once the unit has been installed, the proper connections made, and the reservoir filled, it is ready for
start-up. To start the HPU use the following procedwes:

INITIAL START UP
1. Double check to see that the reservoir is filled with the proper hydraulic fluid.. Oil level should be

midway on the sight gauge.
2. Always check engine oil level before starting. The engine is equipped with low level protection and

will not run if oil level is low
3. Make sure heat exchanger is clean an air flow is unobstructed. The two temperature switches should

be adjusted to 90° F and 105° F, each controlling two separate fans powered by 24 VDC source.
4. Be sure hydraulic connections are tight.
5. Turn bypass valve handle into the open or horizontal position.
6. Insure that pump stroke arm is vertical or neutral position.
7. Make sure pump suction valve is full open.
8. Adjust engine throttle to'/. on, and pull choke out as needed for starting.
9. Fueling: Gas tank is removable to facilitate filling and can be hansported horizontally or vertically.

Always close vent on filler cap when transporting. When fuel tank is installed the.fuel line connected
(simple plug-in quick disconnect) always make sure that the vent is open.

10. Start Engine: allow engine to warm up 2 to 3 minutes at fast idle.
11. Make sure stroke control is in neutral and slowly close bypass valve.

DURING NORMAL OPERATION
1. Check fluid levels.
2. Open bypass valve.
3. Start engine: allow engine to warm up 2 to3 minutes at fast idle.
4. Make sure stroke control is in neutral and slowly close bypass valve.
5. Forward and reverse movements are controlled by the direction stroke control lever is moved. Speed

is a function of stroke. Engine speed also is directly proportional to output flow

SHUT DOWN
1. Move stroke control into neutral position
2. Open bypass valve.
3. Turn engine throttle to lowest setting
4. Turn engine key to OFF position.

1 WARNING Warranties are not valid unless pro er starting and maintenance rocedures are followed.

5.0 Maintenance of HPU
Safety should be first and foremost during maintenance of the system. Safety glasses and protective
clothing should be worn at all times during maintenance and normal running conditions. All system lock
out devices must be utilized before any maintenance operations occur. If there are no lock outs, remove
power fuses to ensure system'is not energized during maintenance. All personnel should be clear of any
dangerous areas BEFORE the system is energized. All guards and protective devices should be in their
proper place: Always ensure someone is standing ready by emergency shutdovm switches in case of
emergency.

Documentation is also very important during maintenance. Record all pertinent readings after any
maintenance. These readings include: Pressures, voltage, amps, flow, noise level, and oil temperature,

~~:a
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amount of fluid needed to fill system. Machine cycle time should also be noted (to be used in trouble .
shooting situations).

SEASONAL MAINTENANCE
1. Change engine oil: Remove oil tube plug and remove oil with oil suction. Change oil filter every

y~~.
2. Check bolts and linkages and tighten/adjust as needed.
3. Check and clean air filter. Wash in warm soap water and carefully dry.
4. Check battery connections and clean/tighten as necessary.
5. When engine will be shut down for greater than 30 days, fuel stabilizer should be added or fuel

should be drained.
6. Clead dust and debris for heat exchanger.

MAINTENANCE TIPS
1. Maintain as low a system pressure as possible to achieve adequate performance.
2. Prohibit unauthorized personnel from making adjustments on the hydraulic system.
3. Maintain adequate oil level. When adding oil, be sure it is new and clean and if possible, pump into

the unit through a 10 µ (micron) filter cart. 3 µ (micron) filtration should be used on servo valve
systems.

4. Keep fittings tightened.
5. Maintain clean fluid in system by: changing filter elements when indicated; cleaning strainer

elements; changing oil if any foreign material enter the system; clean or replace reservoir av
breathers regularly. Ensure that no forbign material enters reservoir when adding oil.

6. Lubricate all grease zerks regularly if applicable.
7. Check system regularly for overheating. Seal damage may occur over 165° F.
8. Keep HPU clean.
9. The three most important indicators of where trouble points are located are Heat, Noise and Leakage

If problems or questions arise, call:

TEI ENGINEERED PRODUCTS, INC.
Phone (303) 693-1491
Fax (303) 680-7577

~~: o
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6.0 Troubleshooting
Trouble encountered in hydraulic systems results in a loss of efficiency of machines and/or down time.
The following chart has been compiled to enable field engineers to locate and remedy troubles quickly.
The symptoms and remedies suggested should be evaluated with reference to a parficulaz hydraulic circuit.

SYMPTOMS CAUSES REMEDIES IN THE FIELD
Noisy Pump Cavitation

Restricted Suction
Air leak at intake pipe connection

Air leak at pump shaft seal

Air drawn into system from reservoir

Worn valves, vanes, pistons, gears

Larger suction strainer.
Larger suction line.
Use oil of lower viscosity
Clean suction sVainer
Tighten suction line Sttings.
Pour oil over joints with pump
running end pinpoint leaking fitting
Accurately align pump and motor
shaft.
Replace shaft seal.
Raise oil level in reservoir.
Ensure discharge is below oil level.
Does oil have anti-foam additive?
Replace wom parts. Replace filters

Sticking valves or vanes Check for impurities or metal.
particles in oil.
Clean filters

Excessive heating of pump Internal pump leakage Renew wom parts, such es gears,
vanes, pistons, valves, etc.

Relief valve set above compensator Set relief valve 250 psi above
compensator setting

Internal leakage caused by thin oil Use heavier bodied oil.
Check pressure relief valve setting.
Check pressure relief valve for
leakage

Insufficient clearance of moving Check assembly of pump parts
Pis

Diminished or insufficient delivery Prime mover not at correct speed Check prime mover RPM

of pump
Pump parts wom out, or system Renew worn parts
bypassing oil Check orifice in relief valve

Erratic &sluggish operation Air trapped in pilot lines Bleed pilot lines
Oil viscosity to high or insufficient Use lower viscosity oil
input power

Diminished delivery pressure of Short circuit in pump, or system Check seal between inlet and outlet
pump bypassing ports of pump.

Check orifice in relief valve.
Low or no pressure in system Relief valve jammed or orifice Re-set pressure settings after

plugged cleaning relief valve.
Low oil level Add oil to reservoir

Fluctuating pressure Air or water in system Check seals and pipe connections.
Check for jams or obstructions in
system (collapsed hoseJtube~

Enetic movements Insufficient oil in system or improper Check vent valve.
kind of oil. Water or air present Check oil level.

Test oil.

RBV: 0
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Maximum pressure below
expectations

Frequent leaks in lines

Overheating of oil. (Efficient normal
operating temp is about 120° to 140
o~

Excessive internal leakage in the
system

Irregular, erratic or uncertain feeds

Slow acting machine

Jerky operation of working cylinders,
motors, etc.

Rapid traverse end reversing valve
troubles

Acceleration too slow

Acceleration too fast

Relief valve not functioning
properly, Internal pump leakage
Excessive frictional losses in system.
Oil velocity too high

Cavitation

Decompression shocks

Vibration in the machine

Too much oil discharging over relief
valve.

Insufficient oil or oil level too low
Higfi pressure held too long
Oil too light
Obstructions or restrictions to flow
of oil in pump lines

Oil too light, valves, pumps worn
out.

Pumps, valves worn out

Low external pilot pressure
Starting temp. of oil (too cold)

Oil too heavy causing excessive
frictional resistance in system
Oil too thin causing excessive
internal leakage.
Friction in seals/ways

Air in system
Improper adjustment of control
valves
Worn/broken components

Low volume set on pump

Relief valve set too low
High volume set on pump

Relief valve set too high

Check poppet for sticking and spring
for proper adjustmcnt.
Move 1-~U closer to hydraulic
components.
Use larger lines on machinery.
Larger suction strainer.
Larger suction line.
Use oil of lower viscosity
Adjust decompression valve if
installed or reduce orifice size in
bleed down path
Fasten oil lines securely with tubing
clamps
Check relieFvalve for pressure and
leakage.
Check pressure at which pump
should operate.
Add a heat exchanger to system.
Add oil
Check machinery operation
Use heavier oil
Check position of control valve for
neutral locations and overloads.
Pump parts may be wom.
Check back pressure valve for high
pressure.
Check clearancxs.
Use heavier oil if leakage is still
excessive.
Check for excessive internal leakage.
Check kind of oil used; use oil
recommended
Check external pilot pressure.
Verify oil heater is working if used.
Set controls so that oil is discharging
across relief valve until oil heats.
Use lighter oil

Use heavier oil

Check oil level, may be too low.
See that seals are not binding.
Check for worn or scored rods, seals,
and broken piston rings.
Bleed cylinders
Adjust control valuing to proper
setting
Check for broken springs.
Valve plunger depressed to far.
Camsand/or rollers worn.
Valve remaining partly open.
Set volume adjustment to proper
setting.
Check relief valve setting.
Set volume adjustment to proper
setting
Check relief valve setting

3 and 4 -way valve troubles. Worn out parts/seals, broken parts Excessive wear of spools or body.

aev: o
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Overheating of solenoid operated Broken springs.
valves; indicated by hum ar buzz Lealq~ seals.

Binding resulting ~vm varnish
coating,-Polish spool or poppet.

Check valve troubles Worn seat Check condition of valve seat.
if worn or bell of poppet is in poor
conditions. reseal new ball m replace

Flow control valve troubles Dirty oil or worn parts Pressure compensator binding
caused by dirt.
Plungers worn
Clean orifice, polish spool

Metering valve not functioning Dirty oil Dirt lodged in eccentric grooves or
properly orifice. Clean oil

Needle valve won't oontro{ m shut Worn parts Needle worn - regrind and relay, or
off replace
Fluctuating pressure of relief valve .Worn parts Relief pressure convol spring(s).

Check for proper adjustment.
Clean orifice.
Check pilot cone.

Pressure reducing valves troub}e Improper adjustrnend broken spring Set correctly.
Check drain line.
Check fm broken springs.

aev: o
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7.0 Specifications

The following pages contain hydraulic schematics and general arrangement drawings of the integral
Mini-Evac /Comp II. ,
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Worldwide Distributor

Oran Sales and Service Directory

The CumminsO/OnanO Distributor and Dealer Nefinrork -Ready and Qualified to Serve You

Give your power generation and control equipment the
care that it deserves by having it serviced by one of our
authorized distributors and dealers, who are also your
source for parts.

For sales support, our distributors and dealers provide
information, technical data and application assistance.

Our distributor and dealer network is designed with the
needs and the historic business relationships of your
region in mind. In some cases, a combined
Cummins/Onan distributor provideds sales and Onan
brand products. In other cases, Cummins-only
distributors or Onan-only distributors offer support for their
respective brands.

Selecting a Distributor

This directory is a key with which you can locate the
appropriate distributorship for your sales and service
requirements.

If a C, O, or C/O symbol appears next to the distributor
name, this will help you identify the products and services
offered by the distributor.

C/0
All Onan RV, Marine and Portable Generators,
Engines and other consumer products. All Onan
and Cummins standby or prime power generator
sets, transfer switches, paralleling switchgear
and accessories.
O
All Oiian RV, Marine and Portable Generators,
Engines and other consumer products. All Onan
standby or prime power generator sets, transfer
switches, paralleling switchgear and
accessories.
C
All Cummins standby or prime power generator
sets, transfer switches, paralleling switchgear
and accessories.

Service

Follow these steps to resolve yourservice and warranty
concerns:

1. Contact your nearby original selling distributor or
dealer.

2. Consult the Yellow Pages. Typicallly product
distributors are located under

GENERATORS -ELECTRIC; ENGINES -
GASOLINE OR DIESEL
OR RECREATIONAL VEHICLES -EQUIPMENT
PARTS 8~ SERVICE

3. Check this Sales and Service Directory. Each
distributor listed for service in this directory can refer you
to the nearest authorized dealer, if applicable_

4. To contact your local Cummins/Onan or Onan-only
distributor in the United States or Canada, call 1-800-
888-ONAN. You will be automatically connected to the
distributor nearest you.

For outside North America, call Onar~ Corporation, 1-
612-574-5000,7:30 am to 4:00 pm, Central Standard
Time, Monday through Friday. Or, send a fax to Onan
using the fax number 1-612-574-5282.



c.iU Cummins West, Inc. CIO Cummins SE Power, Inc. C/O Gateway Industrial Power

United States
F2srro
Phone: 800-595-5050

Orlando
Phone:407-298-2080

Collinsville
Phone:678-345-0723

Fax: 209-486-7402 Fax: 407-290-8727 Fax: 314531-6604

Alabama C/OCummins West, Inc C/O Cummins SE Power, Inc. C/O Cummins Great Plains
C/O Cummins Alabama, Inc.

Redding Tampa Diesel, Inc
Birmingham

Phone: 916-222 070 Phone: 813-621-7202 Rods Island
Phone: 205-841-0421

Fax:916-224-4075 Fax: 813-621-8250 Phone:309-787 300
Fax: 205-849-5926 C/0 Cummins West, Inc. C/O Cummins SE Power, Inc.

Fax:309-787-4397

C/OCummins Alabama, Inc.
West Sacramento Tampa Indiana

Mobile
Phone: 916-371-0630 Phone: 813-626-1101 O Onan-Indiana

Phone: 334-452-6426
Fax:916-371-2849 Fax: 813-628183 Elkhart

Fax: 334-d73-6657 C/0 Cummins West, Ina C/O Cummins SE Power, Inc.
Phone: 219-262-4611

San Leandro FL AAeyers
Fax; 2~9-Zg5-8000

C/O Cummins Alabama, Inc. Phone: 51x351-6101 Phone: 941-337-1211Montgomery Fax:510-352-3925 Fax; 941-337-5374
CIO Cummins Cumberland

Phone:334-263-2594 Evansville
Fax: 334-263-2594, Ext 124 C/O Cummins West, Inc. O RDC of Florida

Phone: 812-867400

Stockton Tampa
Fax: 812-867 411

Alaska

C/O Cummins Northwest, Inc.
Phone: 800-595-5050
Fax: 20978-2454

Phone: 813-626-4040
Fax: 813-628-0965

C/O Cummins Mid-States
o,„.,e. ,,,,,

iancnorage
Phone: 907-279-7594 0 ODC of Cal'rfomia Georgia

Indianapolis

Fax: 907-276-6340 An OMAN Company C/O Cummins South, Inc.
Phone: 317-243-7979
Fax: 317-240.1925Irvine ~~rn

Arizona Phone: 714757-7375 Phone: 912-888-6210 C/O Mid-States Power 8 Refig
C/O Cummins Southwest, Inc. Fax: 714757-594U Fax: 912-883-1670 Indianapolis

Phoenix
Colorado Phone: 317-240.1967

Phone: 602-252-8021 C/O Cummins South, Inc. Fax: 317-240-1975
Fax: 602-258-1010 C/O Cummins Rocky Mountain, Inc. Augusta

Commerce City Phone: 706-722-8825 Iowa
C/O Cummins Southwest, Inc. Phone: 30286-7697 Fax: 706-722-7553 C/O Cummins G2at Plains Diesel,Tucson Fax: 303-287837

Inc.Phone: 520-887-7440 C/O Cummins Onan South Power Cedar RapidsFaz: 520-887-4173 C/O Cummins Rocky Mountain, Inc. Systems Phone: 319-366-7537Durango College Park Fax: 319-366-7562Arkansas Phone: 970-259-7470 Phone: 404-763-0233
C/O Cummins Mid-South, Inc. Fax: 970-259-7482 Fax 404763-0711 C/O Midwestern Power Division

Little Rock
Phone: 501-569-5600 C/O Cummins Rocky Mountain, Inc. C/O Cummins South, Inc.

Cummins Great Plains Diesel,
~~~

Fax: 501-565-2199 Grand Junction Savannah Des Manes
Phone: 970-242-5776 Phone: 912-232-7424 Phone: 515-264165D

California Fax: 870.243-5494 Fax: 912-232-5145 Fax: 515-2641651
O Cummins Cal Pacfic, Inc. Connecticut Haxraii

Montebello Kansas

Phone: 213-728-8111 C/O Cummins Metropower, Inc. CIO Cummins Hawaii Diesel Power, C/O Cummins Mid-Amerip, LLC
Fax: 213889-7422 Ij~~~~ Colby

Phone 860.529-7474 Phone: 91362-3945
C/0 Cummins Cal Paafic, Inc. Fax: 860-529-7524 Phone: 808-662-8110 Fax: 913-462-3970

Rialto Faz: 808-&82-8477

Phone: 909-877-0433 C/O Cummins Metropower Inc. C/O Cummins Mid,America, LLC
Fax: 909-877-3787 Roddy Hill, CT ~d~ho Garden Cily

Phone: 860.529-7474
C/O GenPlus Phone: 316-275-2277

CIO Cummins CaI Pacific, Inc. Fax: 860.529-7574
Division of Cummins Fax: 316-275-2533

EI Cajon
Delaware Intermountain, Inc.

Phone: 619-593-3093 gcise C/O Cummins Mid-America, LLC
Fax: 619-593-0600 C/O Cummins Power Systems Phone: 208-336-5000 Wichita

Glen Burnie, MD Fvc 208-33&5436 Phone: 316-838-0875
C/O Cummins Cal Pacific, Inc. Phone: 410-590-8700 Fax: 316-638-0704

Irvine Fax: 410-590-8723 C/O GenPlus
Phone: 714253-6000 Division of Cummins Kentucky
Fax: 714253-6080 Florida Intermourrtain, InC. C/O Cummins Cumberland

C/O Cummins SE Power, Inc. P~~~~ Hazard
C/OCummins Cal Pacific, Inc. Hialeah Gardens Phone: 20&234-1661 Phone: 606436-5718

Ven~ra Phone: 305-821200 Fax. 20&234-1662 Fax: 806-436-5048
Phone:805-6447261 Fax: 305-557-2992
Fax: 805-644-7284 Illinois C/O Cummins Cumberland

C/O Cummins SE Power, Inc. C/O CumminsJOnan Northern Louisville
C/OCummins West Inc. Jacksonville Illinas Phone: 502-491263
~~ Phone: 904-355-3437 Jusdce Fax: 502-498-0896
Phone: 800-595-5050 Fes; gpq~y{~Sgq phone: 708-563-7070
Fax: 707-822-7585 Fax: 70&563-7095 Louisiana

C/OCummins West, Inc.
C/O Cummins SE Power, Inc. C/O Cummins Mid-South, Inc.

Bakersfield
Opla C/O Cummins MidSfates Power, Ine q~1e

Phone: 805-325-9404
Phone: 352-861-1122 Normal Phone: 504-631-0576

Fa~c 805-861-8719
Fax: 352-861-1130 Phone: 309-452~d54 Fax: 504631-0061

Fax~309-452-1642
C70 Cumrtrins Mid-South, Inc

Kenner
Phone: 504-466-3535
Fau 504-465-3408
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Maine CIO Cummins Northwest, Inc. C/0 Cummins Northeast, Int. C/O Cummins Northwest, Inc.
C/O Cummins Northeast Inc. Missoula Williamsville (Buffalo) Coburg

Sprborough Phone: 406-728-1300 Phone: 716-6313217 Phone: 503-687-0000
Phone: 207-883-8155 Fax: 406-728-8523 Fax: 716-626-0799 Fax: 503-687-1977
Fax. 207-883-5526

Nebraska North Carolina C/0 Cummins Northwest, Inc.

Maryland C/O Cummins Great Plains Diesel, C/O Atlarrtic Power Generation Portland

C/0 Cummins Power Systems Inc. ~n~• Charlotte Phone: 503-289-0900

Glen Burie Kearney Phone: 704-588-1240 Fa~c 503-286-5938

Phone: 410-590-8700 Phone: 308-234-1994 Fax: 704588-3879

Fax: 410-590-8723
Fax: 308-2345776 C/O Cummins Northwest. Inc.

C/O Cummins AUarrtic, Inc. Pendetton

Massachusetts
C/O Cummins G2at Plains Diesel, Greensboro Phone: 503-276.2561

C/O Cummins Northeast, Inc.
Inc. Phone: 910-375-6909 Fax: 503-276-2564

Dedham
Omaha Fax: 910-375-7879
Phone: 402-551-7678 C/O Cummins Northwest, Inc.

Phone: 781-329-1750 Fax: 402-551-1952 ~ C/0 Cummins Atlantic, Inc.
M~~~

Fax: 7B1-329428
Wilson Phone: 503-779-0151

CIO Cummins Northeast, Inc.
Nevada Phone: 915-237-9111 Fax: 503-772-2395

Springfield CIO GenPlus Fax: 919-237-9132
Pennsylvania

Phone: 413-737-2659 Division of Cummins

Fax: 413-731-1082 ~~tertnountain, Inc. C/O E n Generetor Services~r9e ~' C/O Cummins Interstate Power, Inc.

Elko Division of Atlantic Power Gen. Pitlsburg .

Michigan Phone: 702-738-6405 Greensboro Phone: 412 20-8300

Fax: 702-738-1719 Fax: 412-820-9137
CIO Standby Power, Inc. Faz: 910-375-

767909

Grand Rapids
C/O GenPlus C/O Cummins Power Systems, Inc.

Phone: 616-281-2211
Division of Cummins North Dakota Hartisburg Branch

Fax: 616-281-3177
Intermountain, Inc. C!O Cummins Diesel Sales, Inc. Hartisburg

C/O Cummins Great Lakes, Inc.
North Las Vegas Fargo Phone: 717-564-1344

Iron Mountain
Phone:702-399-2339 Phone:701-262-2466 Fax: 717-558-8217

Phone: 906-774.2424
Fax: 702-399-7457 Fax: 701-282-2472

CIO Cummins Power Systems, Inc.
Fax: 906-7741190

C/O GenPlus Ohio Bristol

CIO Standby Power, Inc.
Division of Cummins C/O Cummins Interstate Power Phone 215-785-6005

Redford
Intermountain, Inc. Cindnnati Fax: 215-785 728

Phone: 313-538-0200 S~~
Phone: 702-331983

Phone: 513-563-9303
Fax: 513-563-6898 Rhode Island

Fax: 313-53&3966
Fax: 702-331-7429 C/O Cummins Northeast

C/O Standby Power, Inc. C/0 Cummins Interstate Power Dedham, MA

Saginaw
New Hampshire Cleveland Phone: 617-329-1750

Phone: 517-249-1122 C/O Cummins Northeast Phone: 21639-6800 Fax: 617-329-4428

Fax: 517-249-6930 Dedham, MA Fax: 21639-7390

Phone: 617-329-1750 South Carolina

Minnesota Fax. 617-329428 CIO Cummins Interstate Power C/0 Atlantic Power Generation

C/O Cummins North Central Inc. Hilliarcl Charleston

St. Paul New Jersey Phone: 614-771-1000 Phone: 803-554-9804

Phone: 612-636-1000 C/O Cummins Metropower, Inc. F~~ 614-771-0769 Fax: 803-7450745

Fax: 612-638-2442 N~y~
C/O Cummins Interstate Power C/O Cummins Atlantic, Inc.

Mississippi
Phone: 201-491-0100
Fax: 201-578-8873

Hubbard Columbia
Phone: 330-534-1935 Phone: 803-799-2410

C/O Cummins Mid-South, Inc. Fax: 330-534-5606 Fax: 803-779-3427
Jackson New Mexico
Phone: 601-932-7016 C/O Cummins Southwest, Inc. C/O Cummins Interstate Power South Dakota
Fax: 601-932-7399 Albuquerque Maumee C/O Cummins Great Plains Diesel,

Phone: 505-247-2441 Phone: 419-893-8711 Inc.Missouri Fax: 505-842-0436 Fax: 419-893-5362 Sioux Falls
C/O Cummins Mid-America, LLC Phone: 605-336-1715

Joplin C/O Cummins Southwest Inc. C/O Cummins Interstate Power Fax: 6D5-336-1748
Phone: 417-623-1661 Farmington Strasburg

Fax: 417-&23-1817 Phone: 505-327-7331 Phone: 216-878-5511
Fax: 505-326-2948 Fax: 216-364-1433 Tennessee

C/O Cummins Mid-America, LLC C/O Cummins South, Inc.

Kansas City New York Oklahoma Chattanooga

Phone: 816-414-8200 C/O Cummins Metropower, Inc. C/O Southern Plains Power Phone: 423-629-1447

Fax: 816-44-8299 Bronx Oklahoma City Fax 42329-1494

CIO Cummins Mid-Amerip, LLC
Phone: 718-892.2400
Fax: 718-892-0055

Phone: 40946-4481
Fax: 405-946-3336 C/O Cummins Cumberland, Inc.

Springfield Knoxville

Phone: 417-862-0777 C/O Cummins Northeast, Inc. C/0 Southern Plains Power Phone: 423-523-0446

Fax: 417-862-4429 Albany Tulsa Fax: 4235230343

Phone: 518.459-1710 Phone: 91 &234-3240
C/0 Cummins Mid-South Inc.Monta~:a Fax: 518-459-7815 Fax: 916-234-2342

C/0 Cummins Rodry Mountain, Inc.
Memphis
Phone: 901-345-7424

Billings C/O Cummins Northeast, Inc. Oregon
Fax: 901-346-4735

Phone: 406-245-4194 Syracuse C/O Cummins Northwest, Inc.
Fax: 406-245-7923 Phone: 315-437-2751 Bend C/O Cummins Cumberland, Inc.Fax: 315-437-8141 Phone: 503-389-1900 Nashville

CIO Cummins Rocky Mountain, Inc. Fax: 503-389-1909 Phone: 615-366-4341
Great Falls Faz: 615-366-5693
Phone: 406-452-8561
Fax: 406~i52-9911
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Texas ~ Washington C/O Cummins British Columbia
McXICOC/O Southern Plains Power C/O Cummins Northwest, Inc. ~~PS

Houston Renton Phone: 604-828-2388
Phone: 713-956-0020 Phone: 425-235-3400 Fax: 604-828-6713 O Selmer Mexico
Fax: 713-956-0266 Fax 425-235-8202 Industrial Products Only

C/O Cummins British Columbia Mexico, D.F.
CIO Southern Plains Power C/O Cummins Northwest, inc. Tumbler Ridge (Industrial Products Only)

Arlington Spokane Phone: 604-242-217 Phone: (525) 702093
Phone: 817-640-6801 Phone: 509-624-411 Fax: 604-242906 Fax: (525) 566-3600
Fax: 617-640-6852 Fax: 509-624-4681

C/O Cummins British Columbia O SHmec Puebla
C/O Southern Plains Power C/O Cummins Northwest, Inc. Sparwood Puebla, Pue.

Dallas Tacoma Phone: 604-425-0522 (Industrial Products Only)
Phone: 214 31X400 Phone:253-922-2191 Fax:604-425-0323 Phone: 440470
Fax: 214 31-2322 Fax:253-922-2379 Fax: 444570

hAanitoba
C/0 Southern Plains Power C/O Cummins Northwest, Inc. C/O Pryme Power Division 0 ~~ Hertnosillio

Fort Worth Yakima Cummins Mid-Canada Ltd. Hemasillo, Son
Phone: 87724-2107 Phone: 509-248-9033 Winnepeg (Industrial Products Onty)
Fax: 817-624-3296 Fax: 50248-9035 Phone: 204-632-5470 Ph°^e: 50694

Fax: 204-694-7029 Fax: 54826
C/0 Southern Plains Power C!O Cummins Northwest, Ina

Mesquite Chehalis New Brunswick O Selmer Queretaro
Phone: 214-321-5555 Phone: 36 748-8841 C/O Onan Eastern Canada Q~R~~, fro.
Fax: 214328-2732 Fax: 36748-7015 F~~~~ (Industrial PreduCS Onty)

Phone: 506-451-1929
Phone: 61189

C/O Southern Plains Power West Virginia Fax: 506 51-1921
6~2~

San Antonio C/O Cummins Cumberland, Inc 151247
Phone: 210-655-5420 South Charleston Newfoundland

151248
Fax: 210-655-3865 Phone: 304-744-8373 Fax: 15071 B

Fax: 304-744-8605
C/O Onan Eastern Canada

C/O Southern Plains Power Mount Pearl O Selmer Merida
Odessa C/O Cummins Cumberland, Inc.

Phone: 70747-0176 Merida, Yuc
Phone: 915-332-9121 Fairmont Fax: 709-747-2263 (Industrial Products Only)
Fax: 915-333-4655 Phone: 304-367-0796 Phone: 258018

Fax:304-367-1077 Nova Scotia Fax: 256015
CIO Southern Plains Power C/O Onan Eastern Canada

Amarillo wsconsin Phone: 902-468-7938
O Selmee Guadalajara

Phone: 800373-3793
Fax: 806-372-8547 C/O Cummins Great Lakes, Inc. Fax: 902-~6~5177

Guadalajara, JaI.
(Industrial Products Only)

DePere Phone: 194116
C/O Cummins Southwest, Inc.

Phone: 92x337-1991 Or~rio 194903
EI Paso Fax: 920-337-9746 C/O Cummins Ontario, Inc. ~ggy~g

Phone: 915~52~200 Onan Ontario Division Fax: N/A
Fax: 915-852-3295 CIO Cummins Great Lakes, Inc. Oakkville

Oak Creek Phone: 905-844-5851 0 Selmer Culiacan
~h Phone: 414-768-7400 Faz: 905-644-7040 Culiacan, Sin

C/O GenPlus
Fax: 414-768-9441 (Industrial Products Only)

Division of Cummins Wyoming
C/OCummins Ontario, Inc. Phone: 46494

Intermountain, Inc.
Ottawa Fax: 42185

Salt Lake City CIO Cummins Rocky Mountain, Inc. Phone: 613-7301146

Phone: 801-355-6500 Gillette Fax: 613-73Cr1202 O Selmac Aguasplientes

Fax: 801-524-1359 phone: 307-fi82-9611 Aguasplientes, Ags.
Fax: 307-582-8242 QUe~ (Industrial Products Only)

C/O Gen Plus C/O Onan Eastern Canada, Inc. Phone: 140256

Division of Cummins C/O GenPlus po~~ Fax: 140177

Intermountain, Inc. Division of Cummins Phone: 514-631-5000

Vemaf Intermountain, Inc. Fax: 514-631-0104 O Selmer Monterrey

Phone: 801-789-5732 Rock Springs Monterrey, N.L.

Fax: 801-789-2853 Phone: 307-362-5168 C/O Onan Eastern Canada, Inc. (Industrial Products Only)
Fax: 307-382-7900 Val d' Or Phone: 585608

Vermont Phone: 819-825-0993 582668

C/O Cummins Northeast Canada F~~ 8125 84H8 Fax: 586062

Springfield, MA
Phone: 413-737-2659 A~~~

Saskatchewan O Selmer Tampico

Fax: 413-731-1082 C/O Cummins Alberta C/O Pryme Power Division Tampico, Tamps.
(Industrial Products Only)

Cal a
g ry

Cummins Mid-Canada Ltd.
Phone: 32032

Virginia Phone: 403-569-1122 Saskatoon
Fax: 30022

C/O Atlantic Power Generation Fax: 403-569-0027 Phone: 306-933-4022
Fax: 30f~242-1722

Chesapeake O 5elmec Durango
Phone: 804-465-4548 C/0 Cummins Alberta

Edmonton CIO Cummins Mid-Canada Ltd. Durango.
Fax: 804-485085 Regina Only)

Phone: 403-452151
Phone: 306-721-9710 Plhone: 

194451ucts

C/O CumminsAUantic, Inc. Fax:403-454-9512
Fax: 306-721-2962 Fax: 1194452

Richmond
Phone: 804-232-7891 Bash Columbia Selmer Chihauhua
Fax: 804-232-7428 CIO Cummins British Columbia Chihuahua, Chih.

Surrey (IndusUial Products Ony)
C/O Cummins AUaMic, Inc. Phone: 604-882=5000 Phone: 141242

Cloverdale F.ax: 604-882-5080 Fax: 141144
Phone:540-966169
Fax:540-966-3749
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International
Regional Offices

Latin America
Onan Corporation
Latin Amerign Region
3450 Executive Way
Miremar, Florida USA 3025
Fax: (954) 433-5830
Telephone: (954) 431-5511

EuropelMid-EasUAfrica
Onan International Limited
Unit 44, Gaushway
Stamford, Linccs
England PE9 1XP
Fax: (44-1780) 481888
Telephone: (44-178D) 481666

Commercial Office
Onan International Limited
Richborough Business Park
Ramsgate Road
Sandwich, Kent
England CT13 9NE
Fax: 44-1304-61045D
Telephone: 44-1304-610450

Southeast Asia &China
Cummins Diesel Sales Corp.
8 Tanjong Penjuru
Singapore 609019
Fax: (65) 265-6909 or

264-0664
Telephone: (65) 265-0155

Austrelia/S Pacific
Cummins Austrelia
2 Carribean Drive
Scoresby
Victoria
3179
Fax: 3 97630079

. Telephone: 3 97653222

North Asia
Cummins Diesel Sales Corp.
PO Box 525 Ark Mori Building
1-12-32, Alasoka, Minato-Ku,
Tokyo, 107 Japan
Fax: 81-3-5562-5485
Telephone: 81-3-5562-5531

Cummins Korea
2nd Floor, Choyang Building
113, Sam Sung-Dong
Kangnam-Ku
Seoul Korea, 135-090
Fax: (82-2) 3452213
Telephone: (82-2) 3452113

Africa

C/O Uniao
Hull Blyth & Co. Ltd.
Luanta
Telex: 4063
Fax: (244-2) 396380
Telephone: (244-2) 337185

Botswana

C/O NEI Power Systems
Engineering (Pty) Ltd.
Wadeville 1422 S. Afica
Fax: (27-11) 8242770
Telephone: (27-11) 8244810

Ethiopia

C/O EBG
Addis Ababa
Fax: (251) 1 517953
Telephone: (251) 1
516339/519D41

Ivory Coast

C/O Ste des Ets Lemercier & Fils
Abidjan
Fax: (225) 35 8562
Telephone: (225) 352522/350687

Liberia

C/O Electromotor, Inc.
Monrovia
Telex: 44422 ELMOTOR LI
Fax: (231) 221141
Telephone: (231)221950

Malawi

C/O Brown and Clapperton Group
Blantyr
Telex: 44120
Fax: (265) 670 442
Telephone: (265) 670 011

Morocco

C/0 Autohall
Casablanca
Telex: 21639
Fax: (212) 231-8915
Telephone: (212) 231-9056

Mozambique

C/0 Brown and Clapperton Group
Blantyre, Malawi
Telex: 44120
Fax: (265) 670 617
Telephone: (265) 670 011

Namibia

C/O Amalgamated Power
Engineering (Pry) Ltd.
Wadeville 1422 S. Afica
Location: 26 Nagington Road
Fax: (27-17) 8242770
Telephone: (27-11) 8244810

Nigeria

GO Scoatrac Mosel
Lagos
Telephone: (234-14) 521931
Fax:

Senegal

C/O Matforce
Dakar
Telex: 21677
Fax: (221) 8233076
Telephone: (221) 8233040

South Afiw

C/O Amalgamated Power
Engineering (Ply) Ltd.
Wadeville
Fax: (27-11) 8242770
Telephone: (27-11) 8244810

CIO Bitter Engineering Ltd.
Khartoum
Telex 22285 or 21137

BTR 5D
Fax: (249) 1178D102
Telephone: (249) 11771045

Zambia

C/O NEI Zambia Ltd.
Ndola
Fa~c (260) 2 612756
Telephone: (260) 2 610729-30

Zmbabwe

C!O Cummins Zimbabwe (Pvt) Ltd.
Harare
Telex: 22245 CUMZIMZW
Fax: (263-~) 621880
Telephone: (263-~) 621880

Caribbean

Bahamas

C10 International Energy Co. Ltd.
Nassau
Fax: (242) 325-4615
Telephone: (242) 323542

Dominican Republic

C/O Argico, C. Por A
Santo Domingo
Fax: (809) 562-4233
Telephone: (609) 562281

Tecnigribe SA.
Santo Domingo

Fax: (809) 567-1876

Telephone: (809) 565-8024

Haiti
C/O Societe Generale De Distribution,

SA. (Soged)
Port-Au-Prince
Fax: 509-491 X60
Telephone: 509--491550

Jamaica

O Appliance Traders Ltd.
Kingston
Fax: (876) 960--8439
Telephone: (876) 926-3370,

Puerto Rico

C/O West India Mach. 8 Supply Co.
Santurce
Fait: (l87) 721- 192
Telephone: p87) 721-7640

C/O Cummins Diesel
PueRO Nuevo
Fax:787-793-1072
Telephone: 787-793--0300

St Croix, U.S.V.I.

0 Quality Electric Supply, Inc.
Christiansted
Fax: (809) 778-7653
Telephone: (809) 773-4630

St Maarten

O Eledec N. V.
Philipsburg
(Mobile Products Only)
Fax: (5995) 43319
Telephone: (5995) 70946/70225

Trinidad 8 Tobago

C General Diesel Ltd.
La Romaine
Fax: (809) 657-3927
Telephone: (809) 657351/5441

Industrial Agencies, Inc.
San Fernando
Fax: (809) 625-6529
Telephone: (809) 657-8561

Central
America
Costa Rica

O Distribuidore Lame, S.A.
San Jose
Fax: (506) 255-2162
Telephone: (506) 221-1100

C Servidos Unidos, SA.
San Jose
Fax: (506) 250-5435
Telephone: (506) 250-5407

EI Salvador

C/O MAQSP~
San Salvador
Telex: 20507 SIMAC SAL
Telephone: (503) 293-1658, 1659

Guatemala

CIO Maquinaria y Equipos, S.A.
Guatemala City
Fax: (502-4) 773929
Telephone: (502-~) 77-2746

Honduras

C/O Comerdal Laeisz Honduras, S.A.
Tegucigalpa
Fax: (504) 233--9531
Telephone: (504) 233-$615

C/O Comercial Laeisz Honduras, S.A.
San Pedro Sula
Fax: (504) 556-9363
Telephone: (504) 556-6070

Nicaragua

C/O F. Alf. Pellas & Co
Managua
F2x: (50x2) 661060
Telephone: (502) 265-177,

265-193
Panama

C/O Grvpo Tiesa
Paitilla, Panama
Fax: (507) 274-0809/0919

Telephone: (507) 274-0266

Europe

Belgium
O Sim Belgium, BVBA

Ringlaan 36
(Mobile Ony)
Fvc: (32) 13-53-76--87
Tel: (32) 13-515-80

Croatia

O Adria Univerzal d.o.o.
Rijeka
Fax: (385-51) 211059
Telephone: (3851) 37911

Denmark

O Elano Odense A/S
Odense (engines only)
Telex: 596D2 ELANO DK
Fax: (45-66).170153
Telephone: (45--66) 17523

O Sim Holland, BV.
Gouda. Netherlands
Fax: (31-182) 259968
Telephone: (31-1820) 19655
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Eire

C70 Cummins Engine Co. Ltd.
Dublin
Fax: (353-1) 527111
Telephone: (353-1) 527238

Finland

C/0 Machinery Oy
Vantaa
Telex: 124501
Fax: (358-9) 890 230
Telephone: (358-9) 89-551

Frenee

0 Sidmer Equipements S.A.
Cannes
Fax: (334) 93 90-35--07
Telephone: (334) 93 90-34-93

C/O Cummins Diesel SA.
Lyon, France
Fax: 33--478-901956
Telephone: 33-472-229272

Germany

O Sim Deutschland GmbH
Ratingen
Fax: (49) 2102 849729
Telephone: (49) 2102 871417

Greece

C/O Eneq. Ltd.
Alimos
Telex: 215896
Fax: (30-1) 9885829 "
Telephone: (30-1) 9886621,

9887798
Iceland

C/0 Velasalan HF
Reykjavik
Fax: (354-1) 623810
Telephone: (354-1) 626122

Israel

C/O Israel Engine and Trailers Co.
Tel Aviv
Fax: 972-3 560-4540
Telephone: 972-3 560 7671

Italy

C/O Cummins Diesel Italia S.P.A.
Milan
Fax: (39-2) 982-81559
Telephone: (39-2) 9821235

0 Cummins Diesel Italia, S.P A.
Rome
Fax: (39-6) 6506524
Telephone: (39-6) 6507746

Netherlands
0 Sim Holland, B.V.

Gouda
Fax: (31) 182-539968
Telephone: (31) 1 82-571 1 3 6

Norvvay

C/O Cummins Diesel A/S
Oslo
Fax: 47-22326170
Telephone: 47-22326110

Spain

0 Serviaos y Exdusivas
Autonavales. SA.
Barcelona
Fa~c (34-3) 300 2799
Telephone: (34-3) 300 7211

Sweden

C/O Ferm AB
Stockholm (Hogdalen)
Fax: (46--8) 863544
Telephone: (46-8) 860480

Switrxrland

C/O AKSA YVurenlos AG
Wurenlos
Fax: (41) 56-424-1330
Telephone: (41) 56--424-1313

United Kingdom

O Berthon Boat Comparry Limited
Lymington
{Marine only)
Fax: (44-1590) 676353
Telephone: (44-1590) 673312

O Dudleys, American Motor Homes
Whitney
(RV/Caravan ony)
~aii: ~wi-i6~3j ii i7g$
Telephone: (44-1993) 703774

Middle East
Bahrain
C/O Yusuf Bin Ahmed Kanoo WLL

Manama
Faz: (973) 732828
Telephone: (973) 735454

Cyprus

C/O Alexander Dimitriou &Sons Ltd.
Nicosia
Fax: (357-2) 348508
Telephone: (357-2) 349450

Egypt

C/O Arab Development & T2ding
Company (ADAM
Cairo
Fax: (20-2) 3851864
Telephone: (2a2) 3854001,

2, 4, 5, 6

C/O Arab Development 8 Trading
Company (ADAM
Alexandria
Fax: (20-3) 4200516
Telephone: (20~) 4200517/8/9

Israel
Isreel Engine and Treilers Co.
Tel Aviv
Fax: 972-3 560-4540
Telephone: 972-3 560 7671

Jordan

C/O SETT Jordan Limited
Amman
E~Nail: SETIJO~NETS.com.JO
Fax: (962) 856854
Telephone (962) 827300

Kuwait

C/O General Transportation &
Equipment Co.
Safat
Telex: 22279 GTE KT
Fax: (965) 4812860
Telephone: (965) 483338081/82

Lebanon

C/O Overseas Consultants
ZelkB B2~iCh
Beirut
Telex: 44450 POWERS
Fax: (9611)346648
Telephone: (9611) 4084261

416618
Va Satellfte USA:
Tel &Fax: (212) 478-1610

C/O Overseas Consultants
Ras Beirut Branch
Beinrt
Telex 21057 VERCO
Fax: (9611)346648
Telephone: (9611) 602406

Oman

CIO Universal Engrg. Services L.L.C.
Muspt
Telex. 007 498 3803
Fax: (988) 597514

Qatar
C/O Jaidah Motors 8 Trading Co.

Doha
Telex: 4219 JAIDAH DH
Fax: (974) 414100
Telephone: (9841622
Telephone: (966-3) 842-1216

C/O Generel Contracting Co.
Jeddah
Telex: 401424 OSHCOJ SJ
Fax: (96f~2) 6671424
Telephone: (966-2) 663555

C/O General Contracting Co.
Riyadh
Telex: 407365 OSHCOR SJ
Fvc: (966-1) 231-1900
Telephone (966-1) 233-3111

Syria

C!O Contact
Onan International Ltd.
Fax: (44-1304) 610444
Telephone: (44-1304) 610450

Turkey

CIO Hamamaoglu Muessesderi
Tipret TA.S.
Qndustrial Only)
Fax: (90-212) 2467406
Telephone: (90216) 3943a511?J3

O Tatko
Istanbul
(Marine Only)
Fax: (90-212) 2671714
Telephone (96-212)
2743350/267D831

United Arab Emirates

CIO Bhatia Bros.
Dubai
Fa~c (971) 268339
Telephone: (971-~)
zsn2srzs~an

Yemen, North

C/O Zubieri T2ding Co.
Sanwa
Telex: 2285
Fa~c (967-2) 45838
Telephone: (967-2) 79149,44400

North Asia
North China

C/O Cummins Corp. Beijing
Branch(CCBJ)
China World Trade Ctr.
Beijing
Fax: (8070) 6505-0055
Telephone: (86-10) 6505-0657

C/O Cummins Engine (Beijing) Co.
Ltd. (CEBJ)
Beijing
Fax: (86-10) 6786-2285
Telephone: (86-70) 6786-2258

CIO GFC (HK)
Shanghai
Fax: (86-21)64710024
Telephone: (86-21)64371611

v Tiiiex Equipment ~riKj Lid.
Beijing
Fax: (ss-~o) saga asst
Telephone: (8Cr10) 6424 8862
E Mail: jialigs~ihw.GOm.cn

C/O Cummins Engine (Beijing) Co.
Ltd.
Shanghai
Fax: (86-21)64260660
Telephone: (8021) 64280667 -
64280665

O Tritex Equipment (H.K) Ltd.
Shanghai
Fax: (8CY21) 6357 9196
Telephone: (86-21) 6357 9198
E Mail: tritex(dlpublic.sta.netcn

South China

C/O Cummins Engine H.K. Ltd.
Hong Kong
Fax: (852) 2687-3552
Telephone: (852) 2606-5678

O Yip Shing Engineering Co. Ltd.
Hong Kong
Fax: (852) 2477-8180
Telelphone: (852) 2479-9386

O Tritex Equipment (HK) Ltd.
Kwun Tong, Kowloon, Hong Kong
(Mobile PrvducLS)
Fax: (852) 2341 3329
Telephone: (852) 2343 1830
E Mail: bc1607(~netvigator.com

O Tritex Equipment (HIq LW.
Guangzhou
Fax: (8&20) 8136 0955
Telephone: (86-20) 8136 0955
E Mail:
gztritex@publia.gzgdpta.netcn

Hong Kong

O Tritex Equipment (HFQ Ltd.
Hong Kong (Mobile Products)
Faz: (852) 2341 1830
Telephone: (852) 2343 3329

CIO Cummins Engine (H.K) Ltd
Hong Kong
Fax: (852) 26873552
Telephone: (852) 2606-5678

Japan

O Communiption Saenee
COrpord6on
Tokyo
Fax: (81-3) 5261-9353
Telephone: (81-3) 5229-7206
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O C.S.C. (Communications Science
Corp.)
Nagoya
Fax: (81-52) 202-1354
Telephone: (81-52) 231-6381

O C.S.C. (Communications Saence
Corp.)
Osaka
Fax: (81~) 222-1761
Telephone: (81~) 203-7841

CIO Cummins Diesel Sales
Corporation
Cummins North Asia Office
Chuo-ku, Tokyo 104
Fax: (81-3) 5562-5485
Telephone: (81-3) 5562-5531

Korea

C/O Cummins Diesel Sales &Service
Soecho--long, Seocho-Ku
Seoul
Fax: (82-2) 3452-0253
Telephone: (82-2) 3453-8506-8

Macau

C/O Cummins Engine (H.K.) Ltd.
Fo Tan, N.T., Hong Kong
Telex: 35623 CDSAS HX
Fax: (852) 2691-1641,2687-3552
Telephone: 26005678

Taiwan

C/O Cummins Corp.
Taipei
Fax: (886-2) 2503-8441
Telephone: (886-2) 2315-0891

C/0 Solomon Tech.
Taipei
Fax: 686 2 27888001
Telephone: 886 2 27888989

O Tritex Equipment Pte. Ltd.
Taipei (Mobile Products)
Fax: (BBC~2) 2756-2611
Telephone: (886-2) 2729-0754

0 Tritex Equipment Pte. Ltd.
Koasiung (Mobile Products)
Fax: (886-7) 321-3835.
Telephone (866-7) 316-4765
E Mail: tritex~ksts.seed.net.tw

C/O GFC Ltd.
Taipei
Fax: (BB6-2) 2563-9767
Telephone: (6802) 2551-~ 166

South 8~
S.E. Asia
Bangladesh

C/O Equipment 8 Engineering Co.
Ltd.
Dhaka
Telex: 642461 BEATCH
Fax: (880-2) 956-4333
Telephone: (882) 955-4357
955-4060

Cambodia

CIO Scott &English (Cambodia) Ltd
Phnom Penh
Kingdom oT Cambodia
Fax: (8523) 723741
Telephone: (B55-23) 723741

India

C!O Cummins India Ltd.
Pine
Fax: 91-21237125
Telephone: 91-212-336435

Indonesia

CIO PT AIIVak 1978
Jakarta
Telex: 47760 ALLTRAK IA
Fex: (62-21) 7361977/

7363302
Telephone: (62-21) 7361978

LAO

Diethelm & Co. Ltd.
Vetiane
Fax: (856-21) 213423
Telephone: (856-21) 216231,

218211

Malaysia

CIO Scott &English (M) SDN BHD
Kuala Lumpur
Telex: 30296 CUMKUL
Fax: (603) 703-5122
Telephone: (603) 705-1111

Maldives

O Tntex
Equipment (Pte) Ltd.
Telex: 35113 TAISCO RS
Fax: (65) 7601728
Telephone: (65) 7600888

Myanmar
C/0 Myanmar Scott &English Co. Ltd

Myanmar
Telex: 21250
Telephone: (95-1) 524596

C/O Multilink InYI. Co. Ltd.
Yongon, Myanmar
Fax: (95-1) 681 813
Telephone: (95-1) 6B1 753

Philippines

C/O Power Systems, Inc.
Manila
Telex: 4236 PSI MKT
Fax: (63-2) 531-1953
Telephone: (63-2) 531-5448,

531-2986,531-1945
Singapore

0 Tritex Equipment (Pte) Ltd.

Singapore
Telex: 35113 TAISCO RS
Fex: (65) 7607728
Telephone: (65) 7600688

E Mail: trftex~pacfic.netsg

C/O Cummins Engine (Singapore)
PTE Ltd.
Telex: 21363 CUMSING

RS
Fax: (65) 261-2405
Telephone: (65) 261-3555
E Mail: cspi~sing.cummins.com

Sri Lanka

C!O Trade Promoters Ltd.
Colombo
Telex: 22671
Fax: (94-1) 575556
Telephone: (94-1) 573927

574651

E Mail: tpl@eureka.lk

Thailand

CIO Diethelm & Co Ltd
Bangkok
Telex: 20247 DITHELM TN
Fax: (6C~2) 255560
Telephone: (66-2) 254-4900

E Mail: dGeng~loxinfo.co.th

vetnam

C/O Diethelm & Co. Ltd. Engrg.
Ho Chi Minh City
Fax: (84-8) 8231-177
Telephone: (84-8) 8294-102,
8294-103

C/O Diethelm & Co. Ltd.
Hance
Fax: 84~~318492
Telephone: 84-4-8318495/6!7

South America

Argentina

O Baron, S.R.L. (Marine Only)
Buenos Aires
Fa~c: (54-1) 74fr1696
Telephone: (54-1) 746-9600

O SullairArgentina SA.
Buenos Ails
Fax: (54-1) 303--0626
Telephone: (54-1) 303-3570

303--0621, 301-0023
Bolivia

C/O Dicsa Bolivia SA.
LaPaz
Fax: (5972) 8112461
Telephone: (5912) 432060

C/O Maquinarias Automotoresy Serv.
LaPaz
Fax: (5912) 322550
Telephone: (5912) 379650,

366394

Brazil

0 Hanseatip Estaleiras Ltda.
Guaruja~P. (Marine Only)
Fax: (55-133) 552212
Telephone: (55-133) 557030

O EI Capitan
O.R.De Oliveire & Cia..Ltda.
Manaus

' Fax: (55-92) 232753
(55-92) 622-4242

Telephone: (55-92) 234-0589

O Stemac S/A
Porto AlegreJRS
Fax: (5551) 3371010
Telephone: (5551) 3422822,
3373500

Chile

C/0 DisVib Cummins Chile SA.
Santiago
Fax: (56-2) 671-7211
Telephone: (56-2) 698--2113

Colombia

C/0 Cummins de Colombia S.A.
Bartanquilla
Fax: (5753) 474090, 473111
Telephone: (5753)
34752551/3473111

CIO Cummins API Ltd.
Bogota
Fax: (57-1) 627-659D
Telephone: (57-1) 258-2051

C!O Cummins De Los Andes S. A.
Bogota
Fax:57i-228-2983
Telephone: 571-440-7645

CIO Cummins API. Ltda
Bupramanga
Fax: (57-76) 468061
Telephone: (57-76) 468060

C/0 Equipos Tecnicos Ltda.
Medellin
Fax: (57-4) 2554104
Telephone: (57~) 2554200

C70 Equipos Tecnicos Ltda. C.Q.R.
Pereira
Fax: (573) 361173
Telephone: (573) 366347

260467
CIO Equipos Technicos Ltda. C.Q.R.

Cali
Fax: 57-2-421798
Telephone: 57-2-442222

Ecuador

O Redelec Cia, Ltda.
Guayaquil
Fax: (593) 286772
Telephone: (593.4) 392330

C/O Indusur SA. Motores
Guayaquiil
Telex: 42478
Fax: (593--4) 201052
Telephone: (593-d) 201177/

CIO Rectificadora Botar, SA.
Quito
Fax: (593-2) 459-031
Telephone: (593-2)

465-176, 177

Paraguay
CIO Automotores y Maquinaria S.R.L.

Asundon
Faz: (595-21) 496706
Telephone: (595-21) 493111/

Peru
C DiCSa Pery SA

Lima
Fax: (511) 326--4954
Telephone: (511) 326-957

O Boart Longyear SA
Lima
Fax: (511) 263-0299
Telephone: (511) 263-0609

Uruguay

O Seler SA.
Montevideo
'Fax: (5982) 2095716
Telephone: (5982) 481790,

490457,426529

Venezuela
C/O Cummins MoVix C.A.

Tumero
Fax: (5844)635911
Telephone: (5844) 463-2433

South Pacific

Australia

C/O Cummins Diesel Sales 8 Service
Lansvale, New South Wales
Telex: 120830 CDSS
Fax: (61-29) 72f~9096
Telephone (61-29) 726-8211
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O Vking Diesel & Efectrics Ply. ltd. O Quin's Marirre
Mona Vale, New South Wales PoR Adelaide, South Australia
Fax: (61-29) 997161 Fax: (61~) 341-0567
Telephone: (61-2) 997 433 Telephones (61-8) 47-1277

CIO Cummins Diesel Sales &Service C/O Cummins Diesel Sales &Service
Tamworth, New South Wales Welshpool, Western Australia
Fax: (61~~ 65-54A3 Fax: (61-89) 458-2394
Telephone: (61~i~ 65-5455 - Telephone: (61-89) 458-5911

C!O Cummins Diesel Sales 8 Service CIO Cummins Diesel Sales &Service
South Grafton, New South Wales Kalgoorlie, Western Australia
Fax: (616) 42-1875 Fax: (61-90) 21-7678
Telephone: (616) 42-3655 Telephone: (61-90) 21.2588

0 Waterfront AAarine
C/O Cummins Diesel Sales 8 Service Freemantle, Western Atralia

Hexham, New South Wales Fax: (61-9) 335-3002
Fax: (61-49) 64-8616 Telephone: (61-9) 3351-3949
Telephone: (619) 64-8466

C/O Cummins Diesel Sales &Service
C/O Cummins Diesel Sales &Service Winnellie, Northern Territory

Penrith, New South Wales Fax: (61-89) 84569
Fax: (617) 29-1329 Telephaie: (61-$9) 47-0766
Tole~hnne• ~R11T ̀9-~ i~~

C!O Cummins Diesel (NZ.) Limited
C/O Cummins Diesel Sales &Service Auckland

Queanbeyan, Australian Capital Fax: (64-9) 579--8951
Tertitory Telephone: (64-9) 579-0085
Fax: (61~"i) 297-6709
Telephone: (61~) 297-3433 CIO Cummins Diesel Sales &Service

Devonport, Tasmania
C/0 Cummins Diesel Sales 8 Service Fax: (61-04) 24-2200

Campbellfield, Vctoria Telephone: (61-04) 24-8800
Fax: (61-39) 357-9916
Telephone: (61-39) 357-9200 CIO Cummins .Diesel Sales 8 Service

Lae Papua, New Guinea
O Bell 8 Orders Pty. Ltd. Fax: (11-675) 42-3803

Melbourne, victoria Telephone: (11 75) 42-3699
Fax: (61-39) 32Cr5509
Telephone: (61-39) 323088 French Polynesia

C/O Sarl NovadisC/O Cummins Diesel Sales 8 Service Papeete
Altona North, Vctoria Telephone: (689) 42-80-27,Fax: (61-3) 360-Q438 42-98-0Telephone: (61-3) 360-0800 Guam

C/O Cummins Diesel Sales &Service ~O Mid-Pac Far East, Inc.
Swan Hill, Victoria Barrigada

Fax: (61-50) 329-662 Fax: (671) 632-5167
Telephone: (61-50) 331-511 Telephone: (671) 632-5160

CIO Cummins Diesel Sales &Service New Zealand

Wodonga, Victoria C/O Mid-Pac Micronesia
Fax: (61-37) 3753520 Fax. 670-234-0476
Telephone: (61-37) 24-3655 Telephone: 670-234-0475

C/O Cummins Diesel Sales & 5ervice Saipan

Dana, Queensland C!O Mid-Pac Micronesia
Fax: (61-7) 375-3500 Fax: (670) 2340476

Telephone: (61-7) 375-3277

C/O Cummins Diesel Sales 8 Service
Calms, Queensland
Fax: (61-70) 35-1182
Telephone: (61-0) 35-1400

C/O Cummins Diesel Sales &Service
Mackay, Queensland
Fax: (61-79) Srr3917
Telephone: (67-79) 51222

C/O Cummins Diesel Sales &Service
Emerald, Queensland
Faz: (61-79) 82159
Telephone: (61-79) 82022

C/O Cummins Diesel Sales &Service
Gepps Cross, South AusUalia
Fax: (61-8) 260-3055
Telephone: (61-8) 262-5211

C/O Cummins Diesel Sales &Service
Mount Gambier, South Australia
Fax: (61-8 24-9764
Telephone: (61-8 25-6422

Onan Corporation 1400 73rd Avenue N.E., Minneapolis MN 55432
1-800-888-ONAN or 612-574-5000; International Use: Fax: 612-574-8087

Onan is a registered trademark of Onan Corporation
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Safety Precautions

Before operating the generator set, read the Opera-
tor's Manual and become familiar with it and the equip-
ment. Safe and efficient operation can be achieved
only if the equipment is properly operated and main-
tained. Many accidents are caused by failure to follow
fundamental rules and precautions.

The following symbols, found throughout this manual,
alert you to potentially dangerous conditions to the op-
erator, service personnel, or the equipment.

This symbol warns of immediate
hazards which will result in severe personal in-
jury or death.

IAwaRNiN~ 1 This symbol refers to a hazard or un-
safe practice which can result in severe per-
sonal injury or death.

caurioN This symbol refers to a hazard or un-
safepractice which can result in personal injury
or product or property damage.

FUEL AND FUMES ARE FLAMMABLE

Fire, explosion, and personal injury or death can result
from improper practices.

• DO NOT fill fuel tanks while engine is running, un-
less tanks are outside the engine compartrnent.
Fuel contact with hot engine or exhaust is a potential
fire hazard.

• DO NOT permit any flame, cigarette, pilot light,
spark, arcing equipment, or other ignition source
near the generator set or fuel tank.

• Fuel lines must be adequately secured and free of
leaks. Fuel connection at the engine should be
made with an approved flexible line. Do not use
copper piping on flexible lines as copper will be-
come brittle if continuously vibrated or repeatedly
bent.

~ Be sure -all fuel supplies have a positive shutoff
valve.

• Be sure battery area has been well-ventilated prior
to servicing near it. Lead-acid batteries emit a highly
explosive hydrogen gas that can be ignited by arc-
ing, sparking, smoking, etc..

EXHAUST GASES ARE DEADLY

• Provide an adequate exhaust system to properly
expel discharged gases away from enclosed or
sheltered areas and areas where individuals are
likely to congregate. Usually and audibly inspect
the exhaust daily for leaks per the maintenance
schedule. Make sure that exhaust man'rfolds are se-
curedand not warped. Do not use exhaust gases to
heat a compartment.

• Be sure the unit is well ventilated.

• Engine exhaust and some of its constituents are
known to the state of Cafrfomia to cause cancer,
birth defects, and other reproductive harm.

MOVING PARTS CAN CAUSE SEVERE
PERSONAL INJURY OR DEATH

• Keep your hands, clothing, and jewelry away firom
moving parts.

• Before starting work on the generator set, discon-
nect battery charger from its AC source, then dis-
connect starting batteries, negative (-) cable first.
This will prevent accidental starting.

• Make sure that fasteners on the generator set are
secure. Tighten supports and clamps, keep guards
in position over fans, drive belts, etc.

• Do not wear loose clothing or jewelry in the vicinity of
moving parts, or while working on electrical equip-
ment. Loose clothing and jewelry can become
caught in moving parts. Jewelry can short out elec-
trical contacts and cause shock or burning.

• If adjustment must be made while the unit is run-
ning, use extreme caution around hot manifolds,
moving parts, etc.

DO NOT OPERATE IN FLAMMABLE AND
EXPLOSIVE ENVIRONMENTS

Flammable vapor can cause a diesel engine to over-
speed and become difficult to stop, resulting in possible
fire, explosion, severe personal injury and death. Do not
operate adiesel-powered genset where a flammable va-
por environment can be created by fuel spill, leak, etc.,
unless the genset is equipped with an automatic safety
device to block the air intake and stop the engine. The
owners and operators of the genset are solely responsi-
ble for operating the genset safely. Contact your author
rized Onan/Cummins dealer or distributor for more in-
formation.
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ELECTRICAL SHOCK CAN CAUSE
SEVERE PERSONAL INJURY OR DEATH

Remove electric power before removing protective
shields or touching electrical equipment. Use rub-
ber insulative mats placed on dry wood platforms
over floors that are metal or concrete when around
electrical equipment. Do not wear damp clothing
(particularly wet shoes) or allow skin surface to be
damp when handling electrical equipmerrt.

Use extreme caution when working on electrical
components. High voltages can cause injury or
death. DO NOT tamper with interlocks.

• Follow all applicable state and local electrical
codes. Have all electrical installations pertormed by
a qualified licensed electrician. Tag and lock open
switches to avoid accidental closure.

DO NOT CONNECT GENERATOR SET DI-
RECTLY TO ANY BUILDING ELECTRICAL SYS-
TEM. Hazardous voltages can flow from the gen-
eratorset into the utility line. This creates a potential
for electrocution or property damage. Connect only
through an approved isolation switch or an ap-
proved paralleling device.

MEDIUM VOLTAGE GENERATOR SETS
(601 V to 15kV)

Medium voltage acts .differently than low voltage.
Special equipment and training is required to work
on or around medium voltage equipment. Operation
and maintenance must be done only by persons
trained and qualified to work on such devices. Im-
proper use or procedures will result in severe per-
sonal injury or death.

Do not work on energized equiRment. Unauthorized
personnel must not be permitted near energized
equipment. Due to the nature of medium voltage
electrical equipmerrt, induced voltage remains even
after the equipment is disconnected from the power
source. Plan the time for maintenance with author-
izedpersonnel sothat the equipment can be de-en-
ergized and safely grounded.

GENERAL SAFETY PRECAUTIONS

• Coolants under pressure have a higher boiling point
than water. DO NOT open a radiator or heat ex-
changer pressure cap while the engine is running.
Allow the generator set to cool and bleed the system
pressure first.

• Benzene and lead, found in some gasoline, have
been identified by some state and federal agencies
as causing cancer or reproductive toxicity. When
checking, draining or adding gasoline, take care not
to ingest, breathe the fumes, or conxact gasoline.

• Used engine oils have been iderrtified by some state
or fiederai agencies as causing cancer or reprocluc-
tive toxicity. When checking or changing engine oil,
take care not to ingest, breathe the fumes, or con-
tact used oil.

• Provide appropriate fire extinguishers and install
them in convenient locations. Consult the local fire
department for the correct type of extinguisher to
use. Do not use foam on electrical fires. Use extin-
guishers rated ABC by.NFPA.

• Make sure that rags are not left on or near the en-
gine.

• Remove all unnecessary grease and oil from the
unit. Accumulated grease and oil can cause over-
heatingand engine damage which present a poten-
tial fire hazard.

• Keep the generator set and the surrounding area
clean and free from obstructions. Remove any de-
brisfrom the set and keep the floor clean and dry.

• Do not work on this equipment when mentally or
physically fatigued, or after consuming any alcohol
or drug that makes the operation of equipmerrt un-
safe.

• Substances in exhaust gases have been idenfified
by some state or federal agencies as causing can-
cer or reproductive toxicity. Take care not to breath
or ingest or come into contact with exhaust gases.

KEEP THIS MANUAL NEAR THE GENSET FOR EASY REFERENCE
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1. Introduction

ABOUT THIS MANUAL

This manual provides. installation instructions for
the DG Series generator sets. This includes the fol-
lowing information:

Mounting Recommendations -for fastening
generator set to base and space requirements
for normal operation and service.

Mechanical Connections - Location of con-
nection pointsforfuel, exhaust, ventilation, and
cooling.

Electrical Connections — Location of electri-
cal connection points forthe control, generator,
and starting system.

Prestart — Checklist of items or procedures
needed to prepare generator set for operation.

' Initial Startup —Test complete system to en-
sure proper installation, satisfactory perForm-
ance, and safe operation. Refer to Operators
Manual for troubleshooting information.

Installation Checklist — Reference checks
upon completion of installation.

This manual contains separate DC Control Wiring
and Prestart Preparation sections for gensets using
the PowerCommand Control (PCC), the Sentinel
control or the Detector control (Figure 1-1). Refer to
the Table of Contents for specific information relat-
ing to your genset The remaining sections apply to
all versions.

This manual DOES NOT provide application infor-
mationfor selecting a generator set or designing the
complete installation. If it is necessary to design the
various integrated systems (fuel, exhaust, cooling,
etc.), additional information is required. Review
standard installation practices. For engineering
data specific to the.generator set, refer to the speci-
ficationand product data sheets. For application in-
formation, refer to Application Manual T 030, "Liq-
uid Cooled Generator Sets°.
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INSTALLATION OVERVIEW

These installation recommendations apply to typi-
cal installations with standard model generator
sets. Whenever possible, these recommendations
also cover factory designed options or modifica-
tions. However, because of the many variables in
any installation, it is not possible to provide spec'rfic
recommendations for every situation. If there are
anyquestions notanswered bythis manual, contact
your nearest Cummins/Onan dealer or distributor
for assistance.

Application and Installation

A standby power system must be carefully planned
and correctly installed for proper operation. This in-
volves two essential elements: application and in-
stallation.

Application (as it applies to generator set installa-
tions) refers to the design of the complete standby
power system that usually includes power distribu-
tionequipment, transfer switches, ventilation equip-
ment, mounting pads, and cooling, exhaust, and
fuel systems. Each component must be correctly
designed so the complete system will function as in-
tended. Application and design is an engineering
function generally done by spec'rfying engineers or
other trained specialists. Specifying engineers are
responsible for the design of the complete standby
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system and for selecting the materials and products
required.

Installation refers to the actual set-up and assem-
bly of the standby power system. The installers set
up and connect the various components of the sys-
tem as specified in the system design plan. The
complexity of the standby system normally requires
the special skills of qualified electricians, plumbers,
sheetmetal workers, etc. to complete the various
segments of the installation. This is necessary so all
components are assembled using standard meth-
ods and practices.

Safety Considerations

The generator set has been carefully designed to
provide safe and efficient service when properly in-
stalled, maintained, and operated. However, the
overall safety and reliability of the complete system
is dependent on many factors outside the control of
the generator set manufacturer. To avoid possible
safety hazards, make all mechanical and electrical
connections to the generator set exactly as speci-
fied in this manual. All systems external to the gen-
erator (fuel, exhaust, electrical, etc.) must comply
with all applicable codes. Make certain all required
inspections and tests have been completed and all
code requirements have been satisfied before certi-
fyingthe installation is complete and ready for serv-
ice.



~~"[ Pt 2. Specifications

MODEL 35 DGBB 40 DGBC 50 DGCA 60 DGCB

Engine
Cummins Diesel Series 463.9 483.9 4BT3.9 46T3.9

Generator (Standby Rating)
3 Phase, 60 Hz (Standby/Prime) 35/32 kW 40/35 kW 50/45 kW 60/55 kW
{kVA ~a 0.8 PF) (44 kVA) (50 kVA) (63 kVA) (75 kVA)

3 Phase, 50 Hz (Standby/Prime) 28/25 kW 32/29 kW 40/36 kW 50/45 kW
(kVA a~ 0.8 PF7 (35 kVA) (40 kVA) (50 kVA) (63 kVA)

Fuel Pump
Inlet Fitting Size 5/8 Inverted Flare 5/8 Inverted Flare 5/8 Inverted Flare 5/8 Inverted Flare
Return Fitting Size 0.18 O.D. Tube 0.18 O.D. Tube 0.18 O.D. Tube 0.18 O.D. Tube
Maximum Fuel Lift 5 ft. (1.525 m) 5 ft. (1.525 m) 5 ft. (1.525 m) 5 ft. (1.525 m)

Exhaust
Outlet Size 3 inch O.D. 3 inch O.D. ~ 3 inch O.D. 3 inch O.D.
Max. Allowable Back Pressure 41 inch H2O 41 inch H2O 41 inch H2O 41 inch H2O

Electrical System
Starting Voltage ~ 12 Volts DC 12 Volts DC 12 Volts DC 12 Volts DC
Battery One, 12 Volt One, 12 Volt One, 12 Volt One, 12 Volt
Cold eranking Amps 625 625 625 625

Cooling System
Capacity with Standard Radiator 5.5 Gal (21 L) 5.5 Gal (21 L) 5.5 Gal (21 L) 5.5 Gal (21 L)

Lubricating System
Oil Capacity with Filters 12 Qts (11 L) 12 Qts (11 L) 12 Qts (11 L) 12 Qts (11 L)
Oil Type*

'` Refer to Cummins engine Operation and Maintenance Manual for lubricating oil recommendations/specifications.
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MODEL 70 DGCC 80 DGDA 100 DGDB

Engine
Cummins Diesel Series 4BTA3.9 66T5.9 66T5.9

Generator (Standby Rating)
3 Phase, 60 Hz (Standby/Prime) 70/63 kW 80/72 kW 100/90 kW
(kVA ~a 0.8 PF) (88 kVA) .(100 kVA) (125 kVA)

3 Phase, 50 Hz (Standby/Prime) 62/56 kW 65/60 kW 85/80 kW
(kVA Qa 0.8 PF} {77 kVA) (81 kVA) (106 kVA)

Fuel Pump
Inlet Fitting Size 5/8 Inverted Flare 5/8 Inverted Flare 5/8 Inverted Flare
Return Fitting Size 0.18 O.D. Tube 0.18 O.D. Tube 0.18 O.D. Tube
Maximum Fuel Lift 5 ft. (1.525 m) 5 ft. (1.525 m) 5 ft. (1.525 m)

Exhaust
Outlet Size 3 inch O.D. 3 inch O.D. 3 inch O.D.
Max. Allowable Back Pressure 41 inch H2O 41 inch H2O 41 inch H2O

Electrical System
Starting Voltage 12 Volts DC 12 Volts DC 12 Volts DC
Battery One, 12 Volt One, 12 Volt One, 12 Volt
Cold Cranking Amps, 625 800 800

Cooling System
Capacity with Standard Radiator 5.7 Gal (22 L) 6.5 Gal (25 L) 6.5 Gal (25 L)

Lubricating System
Oil Capacity with Filters 12 Qts (11 L) 17 Qts (16 L) 17 Qts (16 L}
Oil Type*

Refer to Cummins engine Operation and Maintenance Manual for lubricating oil recommendations/spec'rfications.
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MODEL 125 DGEA 150 DGFA 175 DGFB 200 DGFC

Engine
Cummins Diesel Series 6CT8.3 6CTA8.3 6CTA8.3 6CTAA8.3

Generator (Standby Rating)
3 Phase, 60 Hz (Standby/Prime) 125/113 kW 150/135 kW 175/160 kW 200/180 kW
(kVA Qa 0.8 PF) (156 kVA) (188 kVA) (219 kVA) (250 kVA)

3 Phase, 50 Hz (Standby/Prime) 110/100 kW 140/125 kW 150/135 kW 175/160 kW
(kVA ~a 0.8 PF) (138 kVA) (175 kVA) (188 kVA) (219 kVA)

Fuel Pump
Inlet Fitting Size 5/8 Inverted 5/8 Inverted Flare 5/8 Inverted Flare 5/8 Inverted
Return Fitting Size Flare 0.18 O.D. Tube 0.18 O.D. Tube Flare
Maximum Fuel Lift 0.18 O.D. Tube 5 ft. (1.525 m) 5 ft. (1.525 m) 0.18 O.D. Tube

5 ft. (1.525 m) 5 ft. (1.525 m)

Exhaust
Outlet Size 4 inch O.D. 4 inch O.D. 4 inch O.D. 4 inch O.D.
Max. Allowable Back Pressure 41 inch H2O 41 inch H2O 41 inch H2O 41 inch H2O

Electrical System
Starting Voltage 12 Volts DC 12 Volts DC 12 Volts DC 12 Votts DC
Battery One, 12 Volt One, 12 Volt One, 12 Volt One, 12 Volt
Cold Cranking Amps 900 900 900 900

Cooling System
Capacity with Standard Radiator 6.8 Gal (26 L) 7.5 Gal (28 L) 7.5 Gal (28 L) 6.8 Gal (26 L)

Lubricating System
Oil Capacity with Filters 20 C7ts (19 L) 20 Qts (19 L) 20 Qts (19 L) 20 Qts (19 L)
Oil Type*

* Reter to Cummins engine Operation and Maintenance Manua/ for lubricating oil recommendations/specifications.

IMPORTANT

DEPENDING ON YOUR LOCATION AND INTENDED USE, FEDERAL, STATE OR LOCAL LAWS
AND REGULATIONS MAY REQUIRE YOU TO OBTAIN AN AIR QUALITY EMISSIONS PERMIT
BEFORE BEGINNING INSTALLATION OF YOUR GENSET. BE SURE TO CONSULT WITH LO-
CAL POLLUTION CONTROL OR AIR QUALITY AUTHORITIES BEFORE COMPLETING YOUR
CONSTRUCTION PLANS.

2-3





3 3. Mounting the Generator Set

GENERAL
Most generator set installations must be engi-
neered so the generator set will function properly
under the expected load conditions. Use these in-
structions as a general guide only. Follow the in-
structions ofthe consulting engineer when locating
or installing any components. The complete instal-
lation must comply with all local and state building
codes, fire ordinances, and other applicable regula-
tions. Consider these requirements before installa-
tion:
• Level mounting surface
• Adequate cooling air
• Adequate fresh induction air

• Discharge of circulated air

• Discharge of exhaust gases

• Electrical connections
• Accessibility for operation and servicing

• Noise levels

• Vbration isolation

LOCATION
Generator set location is decided mainly by related
systems such as ventilation, wiring, fuel, and ex-
haust. The set should be located as near as possi-
ble to the main power fuse box.

Provide a location away from extreme ambient tem-
peratures and protect the generator set from ad-
verse weather conditions. An optional housing is
available for outside operation.

AWARNING

INCORRECT INSTALLATION, SERVICE OR REPLACEMENT OF PARTS CAN RESULT IN SE-
VERE PERSONAL INJURY OR DEATH, AND/OR EQUIPMENT DAMAGE. SERVICE PERSON-
NEL MUST BE QUALIFIED TO PERFORM ELECTRICAL AND MECHANICAL COMPONENT
INSTALLATION.
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MOUNTING

Generator sets are mounted on a steel skid that pro-
vides proper support. The engine-generator as-
sembly is isolated from the skid frame by rubber
mounts that provide adequate vibration isolation for
normal installations. For critical installations, install
vibration isolators between the skid base and foun-
dation.

Mount the genset on a substantial and level base
such as a concrete pad.

V.I~C J/Y~IIIV 1 UIGIIICICI~ Gl111i11U1GU IIIUlJI Il111C~ UUllti LU

secure the generator set skid to the floor to prevent
movement. Secure the skid using a flat washer and
a hex nut for each bolt (Figure 3-1).

ACCESS TO SET

Plan for access to the genset for servicing and pro-
vide adequate lighting around the unit.
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4. Mechanical Connections

GENERAL

The generator set mechanical system installation
includes connecting the fuel, exhaust, ventilation
and cooling systems. Before starting any type of
fuel installation, all pertinent state and local codes
must be complied with and the installation must be
inspected before the unit is put in service.

FUEL SYSTEM

Cummins engines used on DG series generator
sets normally use ASTM No. 2 diesel fuel. They will,
however, operate on attemate diesel fuels within
the specifications shown in the engine manual.

In all fuel system installations, cleanliness is of the
upmost importance. Make every effort to prevent
entrance of moisture, dirt or contaminants of any
kind. Clean all fuel system components before in-
stalling.

Use only compatible metal fuel lines to avoid elec-
trolysis when fuel lines must be buried. Buried fuel
lines must be protected from corrosion. Use a flex-
ible section of tubing (hose) between the engine
and fuel supply line to provide vibration isolation.
Refer to your generator set outline drawing for sizes
and locations.

CAUTION Never use galvanized or copper fuel
lines, fiftings or fuel tanks. Condensation in the
tank and lines combines with the sulfur in diesel
fuel to produce sulfuric acid. The molecular
structure of the copper or galvanized lines or
tanks reacts with the acid and contaminates the
fuel.

An electric solenoid valve in the supply line is ~rec-
ommended for all installations and required for in-
door automatic or remote starting installations.
Connect the solenoid wires to the battery run circuit
to open the valve during generator set operation.

INJECTOR FUEL All models require a fuel return
RETURN L1NE line from injectors to tank.

VENTED
FILL CAP CONNECT TO

AC OUTPUT
INLINE FUEL

ENGINE SCREEN

FUEL PUMP - _ - _ VENT LINE

DAY TANK FLOAT
SWITCH FILL PIPE

FUEL TRANSFER
PUMP - ELECTRIC SUPPL
MOTOR DRIVEN LINE

LARGER
OVERFLOW ;;

LINE ;;
~~
n
;~ FUEL TANK
~,,~~~
u

FIGURE41. TYPICAL FUEL SUPPLY INSTALLATION
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Supply Tank

Locate the fuel tank as close as possible to the gen-
eratorset and within the 5 foot (1.5 m) lift capacity of
the fuel pump. Install a fuel tank that has sufficient
capacity to keep the generator set operating con-
tinuously at full load for at least 36 hours. Refer to
product Specification Sheet for fuel consumption
data.

[gWARNING Fuel leaks create fire and explosion
hazards which can result in severe personal in-
jury or death. Always use flexible tubing be-
tween engine and fuel supply to avoid line fail-
ure and leaks due to vibration. The fuel system
must meet applicable codes.

L~WARNI~ Spilled fuel can create environmen-
tal hazards. Check local requirements for con-
tainment and prevention of draining to sewer
and ground water.

If the main fuel tank is installed below the lift capa-
bilities of the standard fuel transfer pump, a transfer
tank (referred to as a day tank) and auxiliary pump
will also be required. If an overhead main fuel tank is
installed, a transfer tank and float valve will be re-
quired to prevent fuel head pressures from being
placed on the fuel system components.

Day Tank (If Used)

Fuel day tanks are used when the standard engine
fuel pump does not have the capacity to draw the
fuel from the supply tank, or the supply tank is over-
head and presents problems of high fuel head pres-
sure for the fuel return.

Supply Tank Lower Than Engine: With this instal-
lation, the day tank is installed near the generator
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set and within the engine fuel pump lift capability,
but below the fuel injection system. Install an auxil-
iary fuel pump as close as possible to the supply
tank to pump fuel from the supply tank to the day
tank. A float switch in the day tank controls opera-
tion of the auxiliary fuel pump.

The supply tank top must be below the day tank top
to prevent siphoning from the fuel supply to the day
tank.

Provide a return line from the engine injection sys-
tem return connection to the day tank. Plumb the re-
turn line to the bottom of day tank as shown in Fig-
ure 4-i . Nrovide a day tank overflow line to the sup-
ply tank in case the float switch fails to shut off the
fuel transfer pump.

IAwaRNiN~ Spilled fuel presents the hazard of
fire or explosion which can resu/f in severe per-
sonal injury or death. Provide an overflow line
to the supply tank from fhe day tanl~

Supply Tank Higher Than Engine: Install the day
tank near the generator set, but below the fuel injec-
tionsystem. Use fuel line at least as large as the fuel
pump inlet. The engine fuel return (ine must enter
the day tank.

Engine Fuel Connections

Identification tags are attached to the fuel supply
line and fuel return line connections by the factory.
Flexible lines for connecting between the engine
and the stationary fuel line are supplied as standard
equipment. The flexible supply line incorporates a
fuel screen, which screens the fuel prior to the en-.
gine fuel transfer pump. Do not operate generator
set without fuel screen installed in supply line. Refer
to Specifications for the fitting sizes.



EXHAUST SYSTEM

Pipe exhaust gases to the outside of any enclosure.
Locate the exhaust outlets away from any air inlets
to avoid gases re-entering the enclosure. Exhaust
installations are subject to various detrimental con-
ditions such as extreme heat, infrequent operation
and light loads. Regularly inspect the exhaust sys-
tem both visually and audibly to see that the entire
system remains fume tight and safe for operation.

waRNiN~ Inhalation of exhaust gases can re-
sult in severe personal injury or death. Use ex-
treme care during installation to provide a tighf
exhaust system. Terminate exhaust pipe away
from enclosed or sheltered areas, windows,
doors and vents.

Use an approved thimble (Figure 4-2) where ex-
haustpipes pass through wall or partitions. Refer to
NFPA 37, Section 6-3. "Stationary Combustion En-
ginesand Gas Turbines" for accepted design prac-
tices. Build according to the code requirements in
effect at the installation site.

waRNiN~ Hot exhaust pipes can start a fire
and cause severe injury or death if improperly
routed through walls. Use an approved thimble
where exhaust pipes pass through walls or par-
t%fl0l1S.

wnRNiN~ Inhalation of exhaust gases can re-
sult in severe personal injury or death. Do not
use exhaust heat to warm a room, compartment
or storage area.

Rain caps are available forthe discharge end of ver-
tical exhaust pipes. The rain cap clamps onto the
end of the pipe and opens due to exhaust discharge
force from the generator set. When the generator
set is stopped, the rain cap automatically closes,
protecting the exhaust system from rain, snow, etc.

Use a section of flexible exhaust pipe between the
engine and remainder of exhaust system. Support
exhaust system to prevent weight applied to engine
exhaust outlet elbow/turbocharger connection.

CAUTION Weight applied to the engine mani-
fold can result in turbocharger damage. Sup-
port the muffler and exhaust piping so no
weight or stress is applied to engine exhaust el-
bow.
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Avoid sharp bends by using sweeping, long radius
elbows and provide adequate support for muffler
and tailpipe. Pitch a horizontal run of exhaust pipe
DOWNWARD (away from engines to allow any
moisture condensation to drain away from the en-
gine. If an exhaust pipe must be turned upward, in-
stall acondensation trap at the point where the rise
begins (Figure 4-3).

Shield or insulate exhaust lines if there is danger of
personal contact. Allow at least 12 inches (305 mmj
of clearance if the pipes pass close to a combustible
wall or partition.

waRHiN~ Exhaust pipes are very hot and they
can cause severe personal injury or death from
direct contact or from fire hazard. Shield or in-
su/ate exhaust pipes if there is danger of per-
sonal contact or when routed through walls or
near other combustible materials.

VENTILATION AND COOLING

Generator sets create considerable heat that must
be removed by proper ventilation. Outdoor installa-
tions rely on natural air circulation but indoor instal-
lationsneed properly sized and positioned vents for
required airflow.

Vents and Ducts

For indoor installations, locate vents so incoming air
passes through the immediate area of the installa-
tion before exhausting. Install the air outlet higher
than the air inlet to allow for convection air move-
ment.

Size the vents and ducts so they are large enough to
allow the required flow rate of air. The "free area" of
ducts must be as large as the exposed area of .the
radiator. Refer to the DG series Specification Sheet
for the airflow requirements and allowed airflow re-
striction.

Wind will restrict free airflowrf it blows directly into
the air outlet vent. Locate the outlet vent so the ef-
fects of wind are eliminated. See Figure 4-4.
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Dampers

Dampers or louvres protect the generator set and
equipment room from the outside environment.
Their operation of opening and closing should be
controlled by operation of the generator set.

In cooler climates movable or discharge dampers
are used. These dampers allow the air to be recircu-
lated back to the equipment room. This enables the
equipment room to be heated while the generator
set engine is still cold, increasing the engine effi-
ciency.

Radiator Set Requirements

Radiator set cooling air is drawn past the rear of the
set by a pusher fan that blows air through the radia-
tor (Figure 4-5). Locate the air inlet to the rear of the
set. Make the inlet vent opening 1-1/2 times larger
than the radiator area.

Louvers and screens over air inlet and outlet open-
ingsrestrict air flow and vary widely in performance.
A louver assembly with narrow vanes, for example,
tends to be more restrictive than one with wide
vanes. The effective open area specified by the lou-
ver or screen manufacturer should be used.

Locate the cooling air outlet directly in front of the ra-
diatorand as close as possible. The outlet opening
must be at least as large as the radiator area.
Length and shape of the air outlet duct should offer
minimum restriction to airflow.
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Attach a canvas or sheet metal duct to the air outlet
opening using screws and nuts so duct can be re-
moved for maintenance purposes. The duct pre-
vents recirculation of heated air. Before installing
the duct, remove the radiator core guard.

Remote Radiator Cooling (Optional) substitutes
a remote mounted radiator and an electrically
driven fan for the set mounted components. Re-
moval of the radiator and the fan from the set re-
ducesnoise levels without forcing dependence on a
continuous cooling water supply. The remote radia-
tor installation must be completely protected
against freezing.

Remote radiator plumbing will vary with installation.
Follow recommendations given in Application Man-
ual T 030. See product Specification sheet for fric-
tion head and static head limits.

Before filling cooling system, check all hardware for
security. This includes hose clamps, capscrews, fit-
tings and connections. Use flexible coolant lines
with heat exchanger or remote mounted radiator.

Water Jacket Heater (Optional)

An optional water jacket heater can be installed to
keep the engine warm for starting under adverse
weather conditions. Connect the heater to a power
source that will be on when the engine is NOT run-
ning.
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5. DC Control Wiring

CONTROL WIRING

The generator set accessory box (Figure 5-1),
which is located on the backside of the control hous-
ing, contains connection points for remote control
and monitor options.

A CAUTION Stranded copper wire must be used
for all customer connections to the Accessory
Box. Solid copper wire may break due to genset
vibration,

TB1 REMOTE MONITOR/CONTROL
CONNECTIONS

Customer monitor/control connections are at-
tached toterminal block TB1 (Figure 5-1). Optional
equipment such as a remote annunciator panel,
sensing devices used to monitor genset operation,
remote start/stop switches, control box heater, bat-
terycharger, etc. are attached to TB1. Refer to PCC
Customer Connections diagram in Section 12.

TB1 Wiring

A CAUTION Always run control circuit wiring in
a separate metal conduit from AC power cables
to avoid inducing currents that could cause
problems within the control.

PCC)

5-1

Digital Connections: Connection points, other
than relayed outputs, network, switched B+and B+
are considered digital connections to terminal strip
TB1. The type/gauge wire to use for these connec-
tions are:

• Less than 1000 feet (305m), use 20 gauge
stranded copper wire.

• 1000 to 2000 feet (305 to 610m), use 18 gauge
stranded copper wire.

Relay Connections: Due to the wide variety of de-
vices that can be attached to the relay outputs of
TB1, the electrical contractor must determine the
gauge of the stranded copper wire that is used at
this installation site. Refer to PCC Customer Con-
nections diagram in Section 12 for the relay
specfications.

Network Connections: Refer to Onan 900-0366
PowerCommand Network Installation and Opera-
fionmanual for thetype/gauge wire to use for these
connections.

Switched B+: (Fused at 10 amps.) Same as Relay
Connection description.

B+: (Fused at 20 amps.) Same as Relay Connec-
tion description.

>--
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FIGURE 5-1. ACCESSORY BOX

The optional run relays are rail mounted inside the relays are energized when the generator set reach-
accessory box (Figure 5-1). The rail mount allows es operating speed.
you to easily remove and replace the snap-on re-
lays. The generator set can be equipped with one, The contacts are rated:
two or three run relays. 

. 10 amps at 28 VDC or 120 VAC, 80%PF
The three-pole, double-throw run relays (Figure . 6 amps at 240 VAC, 80%PF5-2) are used to control auxiliary equipment such as
fans, pumps and motorized air dampers. The run • 3 amps at 480/600 VAC, 80%PF

5-2



i

~ ~K11, K12, K13

T ~ 4

2

K11, K12, K13~ 8 CUSTOMER
CONNECTIONST 

3 5

~ 

3

K11, K12, K13' 9

T ~ 6

K11 K12 K13
RUN RELAY RUN RELAY RUN RELAY

Ott No 00~ No 000 NO
000 NC 000 NC 000 NC
3 2 I 3 2 I 3 2

6 5 4 6 5 4 6 5 4
9 8 7 9 8 7 9 8 7

A40-TB1-2 
B

A COIL A40-TBi-4
A

B
Aa B AA

(SWITCHED B+) COM (&)
0

FIGURE 5-2.OPTIONAL RUN RELAYS (K11, K12, K13)
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ALARM RELAY (K14)

The optional alarm relay is rail mounted inside the
accessory box (Figure 5-1). The rail mount allows
you to easily remove and replace the snap-on relay.

The three-pole, double-throw alarm relay (Figure
5-3) is often used to energize warning devices such

as audible alarms. Any generator set warning or
shutdown will energize the alarm relay.

The contacts are rated:

• 10 amps at 28 VDC or 120 VAC, 80%PF

• 6 amps at 240 VAC, 80%PF

• 3 amps at 480/600 VAC, 80%PF

i

~ 7K14
T .~ 4

8K14 
~2

CUSTOMER
CONNECTIONST 

5

3

' LK14 9

~ ~ 6

K14
COMMON ALARM

OOO NO
000 NC

3 2

6 5 4
9 8 7

A40-TB1-8 B A COIL A40-TB1-4
(COM ALARM) COM ~B')OO O D

FIGURE 5-3.OPTIONAL ALARM RELAY (K14)
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6. DC Control Wiring (Detector Control

CONTROL WIRING

The generator set control panel box contains con-
nection points for remote control and monitor op-
tions. These connection points are located on the
engine control monitor board (ECM), the time-delay
module and the optional auxiliary relay board
(ARB). (Note that if the optional ARB is installed, no
remote monitor connections are attached to the
ECM. The ARB provides all remote monitor con-
nection points.)

CAUTION Stranded copper wire must be used
for al! customer connections to the control pan-
e/box. Solid copper wire may break due fo gen-
set vibration.

The type/gauge wire to use for these connections
are:
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• Less than 1000 feet (305m), use 18 gauge
stranded copper wire.

• 1000 to 2000 feet (305 to 610m), use 16 gauge
stranded copper wire.

CAUTION Always run control circuit wiring in
a separate meta! conduit from AC power cables
to avoid inducing currents that could cause
problems within the control.

WARNING HAZARDOUS VOLTAGE Touching
uninsulated high voltage parts inside the con-
tro/panel box can result in severe personal inju-
ry or death. Confro/ wire installation must be
done with care to avoid touching uninsu/ated
live parts.

For your protection, stand on a dry wooden p/at-
form or rubber insulating mat, make sure your
clofhing and shoes are dry, remove jewelry and
use tools with insulated handles.



ENGINE CONTROL MONITOR BOARD
(ECM-A11)

The heart of the engine control system is the engine
monitor (A11). It is a printed circuit board assembly
mounted on the back wall of the control box (Figure
6-1). It starts and stops the engine in response to
the control panel switches, engine sensors and re-
mote control signals.

Remote Monitor Connections

The Detector control provides the capability of at-
taching aremote monitor panel. Connections are
made on the terminal blocks TB1 and TB2 located
on the ECM board. A detailed connection diagram
for the ECM board is provided in Section 12. (If the
optional ARB is installed, remote monitor connec-
tions attach to the ARB, not the ECM.)

Remote Start Connections

Connect remote start switch between A11-TB1-9
(B+) and A11-TB1-6 (RM~.

Function Selection Jumpers

The ECM board has six selection jumpers that can
be repositioned to provide the following timed or
non-timed warnings or timed or non-timed shut-
downs with warnings:

W7 (12 light only) Jumper Position (jumper W8
must be in the B position):

A Non-timed warning under FLT 2 condi-
tions.

B (12 light only) Non-timed shutdown under
FLT 2 conditions.

C Timed warning under FLT 2 conditions.

D Timed shutdown under FLT 2 conditions.

W2 Jumper Position (jumper W9 must be in the B
position):

A Non-timed warning under FLT 1 condi-
tions.

B Non-tinned shutdown under FLT 1 condi-
tions.

C Timed warning under FLT 1 conditions.

D Timed shutdown under FLT 1 conditions.

W6 Jumper Position:

~► ~ vvaming under Pre-'riign engine Tem-
perature conditions.

B Shutdown under Pre-High Engine Tem-
perature conditions.

W7 Jumper Position:

A Warning under Pre-Low Oil Pressure
conditions.

B Shutdown under Pre-Low Oil Pressure
conditions.

W8 (12 light only) Jumper Position:

A Warning while running or during standby
under FLT 2 conditions.

B Allows selection of functions with W1
jumper.

W9 (12 light only) Jumper Position:

A Warning while running or during standby
under FLT 1 conditions.

B Allows selection of functions with W2
jumper.
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AUXILIARY RELAY BOARD (OPTIONAL)

The following describes the design/functional crite-
riafor the auxiliary relay board (ARB) with a Detec-
torcontrol. The board is mounted directly on top of
the ECM using standoffs and has access holes for
the fuses located on the ECM. A detailed connec-
tion diagram for the ARB is provided in Section 12.

Terminal Blocks:

• TBi — ARB TB1 and engine monitor TB1 are
identically numbered and provide the same re-
~iic7ie t;U~~i~Ui cvnneC[i0n pOIf1iS. IVOi@ Tn3t 8C~C11-
tional terminals are provided for terminals 5, 7,
and 10 of ARB TB1.

TB2 through T65 — Connection points for re-
lays K1 through K3. TB2 provides the N/O and
N/C connections (three form ̀ C' contacts for
each relay). TB3 through TB5 provide the com-
mon connection points (T63 for K1, TB4 for K2
and TB5 for K3).

• TB6 and T67 — Connection points for fault re-
lays K4 through K15. Three terminals are pro-
vided for each relay, which are labeled COM,
N/C, N/O.

Plug-ln Relays (K7, K2, K3): The ARB can be
equipped with one to three 3-pole, double-throw re-
lays. These relays (K1, K2, K3) are field changeable
plug-in relays for easy field addition and replace-
ment.

Each relay can be operated as a RUN, COMMON
ALARM, or ISOLATED COIL with the changing of a
jumper.

The relay contact ratings are:

• 10 amps at 28 VDC or 120 VAC, 80% PF

• 6 amps at 240 VAC, SO% PF

• 3 amps at 480 VAC, 80% PF

Jumper Positions for Plug-In Relays: Jumpers
W1, W2 and W3 perform the same functions for
their respective relays, W 1 for relay K1, W2 for relay
K2, and W3 for relay K3. They can be located in any
of 3 positions (A, B, C) independently of each other.
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• Jumper Position A (Run) —The relay oper-
ates as a Run relay, energizing when SW B+ is
applied from the engine monitor.

• Jumper Position B (Common Alarm) —The
relay operates as a Common Alarm relay. The
relay energizes any time there is an engine
shutdown.

• Jumper Position C (Isolated) —The relay op-
erates as an Isolated relay. The relay coil is en-
ergized by a customer applied B+ signal
ii'ii vuyi i ii12 iGi i i ~iii3i uiu~;K; ~3- i iU~. feiSy ~l i ,

TB4-1 for relay K2, and T66-1 for relay K3.

Jumpers W11, W12, and W13 perform the same
functions for their respective relays; W11 for relay
K1, W12 for relay K2, and W13 for relay K3. They
can be located in two different positions (A, B) inde-
pendently of one another.

Jumper Position A —The relay operates iso-
lated from the board. The customer provides
the circuit completion through terminal block;
TB3 for relay K1, TB4-5 for relay K2, and TB6-5
for relay K3. The customer can operate the re-
laywith switched ground logic or use this relay
in the middle of more complex logic circuits if
needed.

• Jumper Position B —The relays operate with
the coils connected to ground through the
board connections. The coil will require a B+
signal to energize with the jumper in this posi-
tion.

Fault Relays (K4 through K15): These relay mod-
ules are used to operate a remote alarm annuncia-
torthat has an independerrt power source. This al-
lowsthe use of either AC or DC for alarm drives. The
relays are energized through the latching relays on
the engine monitor and provided N/O and N/C con-
tacts for each external alarm connection.

The 12 relays with form 'C' contacts are rated:

• 10 Amp, 120. VAC

• 10 Amp. 30 VDC
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TIME-DELAY MODULE (A15) (OPTIONAL)

The start delay module is adjustable from 5 to 15 se-
conds and the stop delay from 3d seconds to 30
minutes. Tum the delay adjusting potentiometers
clockwise to increase delay and counterclockwise
to decrease delay.

❑~

~ ~ ~n

~ '- ~.\- ~

6

o a
0 0
D O
~ o
D D

1 2 3

IO

PRIMARY START DISCONNECT
A11 -T61-2

SECONDARY START-DISCONNECT
(A11 -TB1-3

B- (A11 - T61-5

Remote Control Connections

Remote control connections are made at the termi-
nai block (TB1) that is located on the time-delay
module (Figure 6-3). Connect one or more remote
switches across the remote terminal (TB1-5) of the
time-delay module and the B+terminal of the ECM
(A11).

START DEL4Y STOP DELAY
POTENTIOMETER POTENTIOMETER

,-B,
4 5 6

~_J

RUN SIGNAL OUT (A11 - T67-6

RUN SIGNAL IN (REMOTE
START/STOP CONTROL

B+ (A11 - T61-7)

FIGURE 6-3. PREHEATlTIME-DELAY MODULE
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7. DC Control Wiring (Sentinel Control

CONTROL WIRING

The generator set control panel box contains con-
nection points for remote starting and switched B+
connections. Connections are made on the terminal
block (TB1) located inside the control box (Figure
7-1).

Connect a remote switch across remote terminal
(T61-4) and B+ (TB1-3) for remote starting.
Switched B+ auxiliary power is available when the
generator set is running. When connecting custom-
er accessories to the 12 volt B+ auxiliary terminals
(TB1-1 & 2), do not exceed the following current lev-
els:

• 7 amps maximum with electronic governor.

• 12 amps maximum without electronic gover-
nor.

If the distance between the genset and the remote
station is less than 1000 feet (305 m), use 18 gauge
stranded copper wire. If the distance is. 1000 to 2000
feet (305 to 610 m), use 16 gauge stranded copper
wire. Always run control circuit wiring in a separate
metal conduit from AC power cables to avoid induc-
ing currents that could cause problems within the
control.

WARNING HAZARDOUS VOLTAGE Touching
uninsulated high voltage parts inside the con-
tro/panel box can result in severe personal inju-
ry or deafh. Control wire installafion must be
done with care to avoid touching uninsulated
live parts.

For your protection, stand on a dry wooden plat-
form or rubber insulating mat, make sure your
clothing and shoes are dry, remove jewelry and
use tools with insulated handles.

CONTROL BOX

TB1

5 GROUND

4 REMOTE

3 B+

2 SWITCHED B+

1 SWITCHED B+ O
0

'LJ 0

~ ~~e~
~e 

.e~~ 
,y

a e ~(/

~4

TB1

FIGURE 7-1. REMOTE CONTROL CONNECTION POINTS
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8. AC Electrical Connections

GENERAL

This section provides the procedure that is used to
connect the AC electrical system of the genset.

Disconnect the battery charger and the battery
cables (negative [-] first) to prevent accidental start-
ing while working on the set.

CAUTION Always disconnect a battery
charger from its AC source before disconnect
ing the battery cables. Otherwise, disconnect-
ing the cables can result in voltage spikes high
enough to damage the DC control circuits of the
set.

wnRNiN~ Accidental starting of the generator
set while working on it can cause severe per-
sonal injury or death. Prevent accidental start-
ing bydisconnecting fhe starting battery cables
(negative [-] first).

Make certain battery area has been well-venti-
latedbefore servicing battery. Arcing can ignite
explosive hydrogen gas given off by batteries,
causing severe personal injury. Arcing can
occur when cable is removed or re-attached, or
when negative (-) battery cable is connected
and a tool used to connect or disconnect posi-
tive (+) battery cable touches frame or other
grounded meta! part of the set. Always remove
negative (-) cable first, and reconnect it last.
Make certain hydrogen from battery; engine
fuel, and other explosive fumes are fully
dissipated. This is especially important if
battery has been connected to battery charger.
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WARNING Each of the operations described in
this. section should be done only by persons
trained and experienced in electrical mainte-
nance. Improper procedures may result in
property damage, bodily injury or deafh.

Connecting the genset AC electrical system in-
volves

• Installation of transfer switch (standby service
only)

• Generator voltage connections

• Laad connection

• Standard and optional AC equipment connec-
tions (e.g., control box heater, coolant heater,
etc.).

Local regulations often require that wiring connec-
tions be made by a licensed electrician, and that the
installation be inspected and approved before op-
eration. All connections, wire sizes, materials used,
etc. must conform to the requirements of electrical
codes in effect at the installation site.

AWARNING Improper wiring can cause a fire or
electrocution, resulting in severe personal inju-
ry ordeath and/or property and equipment dam-
age.

Before starting the genset, verify that all electrical
connections are secure, and that all wiring is com-
plete. Replace and secure any access panels that
have been removed during installation. Check that
the load cables from the genset are properly con-
nected.

WARNING Backfeed to utility system can
cause electrocution or property damage. Do not
connect to any building electrical system ex-
cepf through an approved device and after
building main switch is opened.



TRANSFER SWITCH

If the installation is for standby service, a transfer
switch must be used for switching the load from the
normal power source to the genset (see Figure 8-1).
Either a manual or automatic transfer switch maybe
used. Follow the installation instructions provided
with the transfer switch when connecting the load
and control wiring.

8-2

LOAD

NORMAL
SOURCE GENSET

i i

t----------J

FIGURE &1. TYPICAL LOAD TRANSFER
FUNCTION
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AC WIRING

Generator Voltage Connections

The generator output voltage and maximum current
rating are specified on the generator set nameplate.
Line-to-neutral voltage is always the lower voltage
shown and line-to-line voltage is the higher rating.

These generators can be configured for the volt-
ages shown in the Reconnection Diagram on the
side access cover of the control housing. Most of
these voltages must be reconnected by the installer
to give the voltage required by the installation. Be-
fore shipping, the factory tests the generator set
output by connecting the generator to produce a
particular test voltage. The generator may be con-
nected at the factory to produce a specified voltage
per customer order. The installer must always
check the stator lead terminal block connections
and perform any necessary reconnect to obtain the
voltage desired.

Some generator sets are capable of producing a
wide range of voltages and connection configura-
tions, others have spec'rfic limited capabilities. Re-
fer to wiring diagram and generator voltages (from
the nameplate) when reviewing the voltage connec-
tion information and use the electrical schematic
supplied with your generator set when actually per-
forming load connections.

CAUTION Reconnecting factory connected
generator sefs to higher voltages can exceed
the voltage capability of the specific generator
windings and damage the generator. Consult
with your distributor before performing recon-
nection for a different voltage.

CAUTION Reconnecting factory connected
generatorsets to lower voltages can reduce set
ratings, and also render line circuit breakers too
small. Consult with your distributor before per-
forming reconnection for a different voltage.

Load Connections

Flexible conduit and stranded conductors must be
used for connections to take up movement of the
generator set.

All loads are connected to the generator by bolting
stranded load wires to the appropriate terminals on

&3

the generator reconnection terminal block. The ter-
minals are stamped U, V, W and N to indicate the
line and neutral connections. (Reference: U, V, and
W correspond with L1, L2 and L3; and N with LO re-
spectively).

Load Balancing

When connecting loads to the generator set, bal-
ancethe loads so the currentflow from each line ter-
minal (Li , L2 and L3) is about the same. This is es-
pecially important 'rf both single phase and three
phase loads are connected. Any combination of sin-
glephase and three phase loading can be used as
long as each line current is about the same, within
10 percent of median value and no line current ex-
ceedsthe nameplate rating of the generator. Check
the current flow from each line after connections by
observing the control panel ammeter.

Current Transformers

Current transformers (CTs) are required on gen-
sets that contain AC meters. The CTs must be
installed as noted in the following CT Installation
Requirements.

Refer to the Reconnection Diagram to identify the
output leads/phase that must be routed through
each CT, and also appropriate transformer post
selection for meter sensing leads. The transformers
are labeled CT21, CT22 and CT23 on the recon-
nection wiring diagram. (The Reconnection Dia-
gram is located on the upper side cover of the con-
trol housing.)

CT lnstallafion Requirements:

A. The CT has a dot on one side. This dot must be
facing toward the generator (conventional cur-
rent flowing into the dot). A dot is also used to
indicate pin 1 of the CT.

B. CT21 — U load leads (A phase),
CT22 — V load leads (B phase)
CT23 — W load leads (C phase)

C. Route the appropriate load wires through each
CT.

D. The CTs have dual secondaries (3 pins). The
CT secondary wire marked 1 is connected to
pin 1 of the CT. CT secondary wire marked 2/3
is connected to pin 2 for high voltage gensets or
to pin 3 for low voltage gensets. (Refer to Re-
connection Diagram.)



Grounding

The following is a brief description of system and
equipment grounding of permanently installed AC
generators within a facility wiring system. It is
important to follow the requirements of the local
electrical code.

Figure 8-2 illustrates typical system grounding for a
3-pole and a 4-pole automatic transfer switch
(ATS). In the 3-pole ATS, note that the generator
neutral is connected to the ATS and is NOT bonded
to ground at the generator. In the 4-pole ATS sys-
tem, agrounding electrode conductor and a bond-
ing jumper are used io connect the generator neu-
tral to ground. In some installations, a CT may be
required for ground fault monitoring (refer to Figure
8-2 for CT location).

TO UTILITY
SERVICE

SERVICE ENTRANCE
-- --~

~ ~
30 ~ ~~ ~

O O~N

~AWARNING Contact with electrical equipment
can result in severe persona! injury or death. It
is extremely important that bonding and equip-
ment grounding be properly done. All metallic
parts that could become energized under ab-
normal conditions must be properly grounded.

Typical requirements for bonding and grounding
are given in the National Electrical Code, Article
250. All connections, wire sizes, etc. must conform
to the requirements of the electrical codes in effect
at the installation site.

3-POLE AUTOMATIC
TRANSFER SWITCH

GENERATOR SET
r---- --~

i i
i i

I
i

4 WIRES ~ GROUND
TO LOAD

SERVICE ENTRANCE GENERATOR SET
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FIGURE 8-2. TYPICAL SYSTEM GROUNDING ONE-LINE DIAGRAMS
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CONTROL HEATER (OPTIONAL)

A control heater (Figure 8-3) provides a means of
humidity /temperature control of the control box in-

tenor. It protects the components and ensures their
effectiveness when the generator set is subjected
to varying ambient air conditions during extended
periods of non-use.

TO ACCESSORY BOX TO 120/240 VAC SUPPLY
A4~T61-36 & 37 (DETECTOR CONTROL)

HEATER

FIGURE &3.OPTIONAL CONTROL HEATER
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COOLANT HEATER (OPTIONAL)

A coolant heater (emersion or tank} is used to keep
the engine coolant warm when the engine is shut
down. It heats and circulates the coolant within the
engine. This reduces startup time and lessens en-
gine wear caused by cold starts. It is electrically op-
erated and thermostatically controlled.

WARNING The coolant heater must not be op-
erated while the cooling system is empty or
damage to the heater will occur.

Figure 8-4 shows the heater line connections. Con-
nectthe heater to a source of power that will be on
during the time the engine is not running. Be sure
the voltage rating is correct for the heater element
rating.

THERMOSTAT ~
~ r ELEMENT

_ ~ ~~ ,,,_ __--;~--
,'~ 1

~~O O _ ~ '

fI
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~ 
I~~

+1 HEATER
` ~'__._~C PLUG

POWER
PLUG

EMEi4S10N COOLANT HEATER

e e e e
TUBE

0 o a o

~ ~ :J :J

HEATER ' ;—:~ ~

o =_ —— TUBE
POWER
PLUG — -- — --~

~!- ~ ~ 6 8

TANK COOLANT HEATER

FIGURE 8-4. COOLANT HEATER
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GENERATOR HEATER (OPTIONAL)

A generator heaters) is used to help keep the gen-
eratorfree of condensation when the generator set
is not running. During coot and humid conditions,
condensation can form within a generator, creating
flashing and shock hazards.

AWARNING Water or moisture inside a genera-
tor increases the possibility of flashing and
electrical shock, which can cause equipment
damage and severe personal injury or death. Do
not use a generator which is not dry inside and
out

Figure 8-5 illustrates the installation of two heater
elements. Connect the heaters) to a source of pow-
er that will be on during the time the engine is not
running. Be sure the voltage rating is correct for the
heater element rating.

O D

i HEATER
LEADS p~

0 0
O O

~~~ ° O

0 0 ~~

O
~o

0 0

o ' A~

O OO HEATER
A / TERMINAL BOX
~: (VIEW AA)

HEATER

FIGURE 8-5. TYPICAL GENERATOR HEATER INSTALLATION
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FUEL TRANSFER PUMP (OPTIONAL)

A fuel transfer pump and control are available as an
option when asub-base or in-skid day tank are pro-
vided. The automatic control operates the fuel
pump to maintain a reservoir of fuel in the day tank.

WARNING Diesel fuel is highly combustible.
Improper installation of this kit can lead to spill-
age of large quantities of fuel and loss of life and
property if the fuel is accidentally ignited. lnstal-
lation and service must be performed by quali-
fied persons in accordance with the applicable
codes.

Do not smoke near fuel and keep flames,
sparks, pilot lights, arcing switches and equip-
ment, and other sources of ignition well away.

CONTROL FLEXIBLE FUEL FLEXIBLE FUEL
RETURN LINE SUPPLY LINE

O 8
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O

FLOAT SWITCH FUEL PUMP FUEL FUEL FILL
ASSEMBLY AND MOTOR GAUGE CAP

FIGURE &6. TYPICAL SUB-BASE INSTALLATION
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Fuel Pump Control AC Connections

The control can be powered by 120 VAC or 240
VAC. The control is set up at the factory for connec-
tion to 240 VAC.

1. To convert the day tank controller from 240
VAC to 120 VAC, perform the following steps.

A. Remove the two jumpers between termi-
nals T61-6 and T61-7 in the control box
and connect one between terminals
TB1-5 and TB1-6 and the other between
terminals TB1-7 and TB7-8.

B. Move selector switch S103 on the control
PCB to the up position for 120V.

C. If the control is equipped with a trans-
former, remove the two jumpers between
terminals H2 and H3 and connect one be-
tween H1 and H3 and the other befinreen
H2 and H4.

2. To convert the day tank controller from 120
VAC to 240 VAC, perform the following steps.
A. Remove the jumpers between terminals

TB1-5 and TB7-6, and TB1-7 and TB1-8
in the control box and connect the two
jumpers between terminals TBy-6 and
T61-7.

B. Move selector switch S103 on the control
PCB to the down position for 240 VAC.

C. If the control is equipped with a transform-
er, remove the jumpers between terminals
H1 and H3, and H2 and H4 and connect
the two jumpers between .H2 and H3.

3 Attach a tag to the control box indicating the
supply voltage.

4 Terminals TB1-8 and TB1-5 are available for
connection of a 120 or 240 VAC electric fuel
shutoff valve rated not more than 0.5 amps.
The voltage rating of the valve must corre-
spond with the voltage utilized for the pump.
See Item 2 above.

P103-GND
P103-4

AC (240V} 
P103-WHITE

EARTH GND 
P103-3

NEUTRAL (120V) 
P103-I

AC (120/240V)

SI+ USED W/0
GND ~ TRANSFORMER

2 3 4 5 6 7 8 9 10 I I 12 13 14 15 16 17 IB 19 20 21

m ~ ~

N i ,— ~ i ~D
r ~

O O O ~~j p O M

m [~ 4] Y (n ~ Y
J5
0000000000 J4

J6
0000000000000 °

J3 °
p oo O

PCB ASSY-DAYTANK 300-3464

FIGURE &7. FUEL PUMP CONTROL TERMINAL BOARD
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9. Prestart Preparation (PCC

GENERAL

Before attempting the initial start of the generator
set, be sure to complete the Installation Checklist in
Section 11.

ELECTRICAL SYSTEM

Verify all electrical connections are secure and all
wiring is complete and inspected. Replace and se-
cure any access panels that may have been re-
moved during installation.

Battery Connections

WARNING Accidental starting of the generator
set can cause severe personal injury or death.
Make sure thaf the RuNOff/Auto switch on the
control panel is set fo fhe Off position before
connecting the battery cables.

9-1

Starting the unit requires a 12 volt battery. Connect
positive battery cable before connecting negative
battery cable to prevent arcing.

Service the battery as necessary. If an automatic
transfer switch is installed without abuilt-in charge
circuit, connect a separate battery charger. A bat-
terycharger is required when the PowerCommand
control 

is 

set to the Power On (awake) mode.

WARNING Ignition of explosive battery gases
can cause severe personal injury. Always con-
nect battery negative last to prevent arcing.

WARNING Be sure battery area has been well-
ventilated prior to servicing near if. Lead-acid
batteries emit a highly explosive hydrogen gas
that can be ignited by arcing, sparking, smok-
ing, etc.. Ignition of these gases can cause se-
vere personal injury.



PCC OPTIONS PRESTART CHECKS

All generator set configuration options are set at the
factory except for site related options, (e.g., Start/
Stop Time Delays, Cycle Crank, Customer Fault 1
and 2, etc.. The following setup procedures de-
scribe how to modify only the options that are re-
quired to complete the genset installation. Do not
modify any other menus other than the following.

The default display messages for Customer Faults
1 through 4 can be edited to display the desired fault
condition. If the default message does not repre-
sent the fault condition, contact an authorized ser-
`1:C° nonter

Adjust Menu

To adjust the start and stop delays, press the button
next to the word "ADJUST" in the Main Menu. Fig-
ure 9-1 shows a block representation of the AD-
JUST menu. After you press the button next to the
word "ADJUST" in the display, the VOLTAGE sub-
menu will appear.

As shown in the diagram, the ADJUST menu has
five submenus, including asave/exit procedure. To
move through the VOLTAGE and FREQUENCY
submenus, press the button next to the '»' to dis-
play the STOP DELAY submenu.

START DELAYsubmenu: This delay applies only
to remote starting in the Auto mode. Use the buttons
next to the "ii" and "ll" symbols to set the start delay.
The start delay adjustment range is 0 to 300 sec-
onds.

STOP DELAY submenu: This delay applies only
to remote stopping in the Auto mode. From the
START DELAY submenu, press the button next to
the "»° in the display to move to the STOP DELAY
submenu. Use the buttons next to the "'fi" and X11°
symbols to set the stop delay. The stop delay adjust-
ment range is 0 to 600 seconds.

IDLE SPEED submenu: From the STOP DELAY
submenu, press the button next to the "»" in the
display to move to the IDLE SPEED submenu. Use
the buttons next to the "it"and "11" symbols to set the
idle speed. The idle speed adjustment range is 800
RPM ±100 RPM. (Default value is S00 RPM.)
The idle speed can be adjusted only when the gener-
atorset is running in the idle mode. When~not in idle
mode, WA is displayed in RPM field.

SAVE/EX/T submenu: From the STOP DELAY
submenu, press the button next to the °»" in the
display to move to the SAVEIEXIT submenu. Select
SAVE to save your changes. At the CHANGES
SAVED submenu, select EXIT to return to the Main
menu.

If you select SAVE, the adjustments will be retained
after shutdown, and will be in effect when the set is
restarted. If you select EXIT without saving first, tf~e
adjustments wilt remain in effect until the genset is
shut down and return to the previous settings when
the set is restarted.

>-



ADJUST MENU

❑< ENGINE GEN >❑
■< ADJUST » >❑

❑< '~ VOLTAGE ❑❑< u >■

~< 1~ FREQUENCY ❑

❑< u » >■

❑< ~ START DELAY ❑
❑< 11 SEC » >■

❑< '~ STOP DELAY ❑
❑< j1 SEC » >■

❑< IDLE SPEED
❑< u RPM » >~

■< SAVE ❑ ❑ rCHANGES SAVED ❑ ❑< ENGINE GEN >❑
❑< DCIT » > ~~<~ IXfT » > < ADJUST » >❑

❑ CHANGES SAVED ❑ ❑< n VOLTAGE ❑
~<~ ocrr » > < ll » ~>p

❑< SAVE ❑ ❑< ENGINE GEN >❑
~< ~ DCIT » > < ADJUST » ~ >❑

❑< SAVE ❑ ❑< ~ VOLTAGE ❑
❑< arr » > < u >~

- - - - Indicates °OR" Condition

FIGURE 9-1. ADJUST MENU

>--
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PCC POWER ON /STANDBY MODE

CAUTION Electrostatic discharge will damage
circuit boards. To prevent this damage, always
wear a grounding wrist strap when working in-
side control box.

Set the Power On /Standby Mode switch (S5 in Fig-
ure 9-2) to the desired position.

Power On Mode: Slide the switch to the left to se-
lect the Power On (awake) mode. It is recom-
mendedthat switch S5 be left in the Power On mode
in all applications, except those where battery
of ia~r.~J.:na~. iv iivi av QiiGUi~.'.

The PCC will 'initialize the operating software and
permit operation of the menu display panel. Power
will stay on until the switch is reset to the Standby
Mode.

Standby Mode: Slide the switch to the right to se-
lect the Standby (sleep) Mode. In this mode, the
PCC operating software will be initiated by:

• moving the Run/Off/Auto switch to the Run
position,

• pressing the Self Test button,

• a remote start input signal (genset in Auto
mode), or

• any one of several ̀ wake-up" signals from ex-
temal switches.

With the switch set to Standby mode, pressing the
Self Test button will allow you'to activate and view
the menu displays without starting the generator
set. If no menu selections are made, a software tim-
erwill shut down the power after 30 seconds.

When left in the Standby Mode, and a "Warning"
signal is sensed by the PCC (for example, low
e~~yine iempj, ine coniroi wiii waive up and display
the warning message. The control will remain active
until the warning condition is corrected and the Re-
setbutton ispressed toclear the warning message.

STARTING

Refer to the generator set Operator's manual for im-
portant safety precautions and recommended pra
cedures for starting the genset and verifying proper
operation. Start the generator set and verify all en-
gine and generator gauges are displaying the cor-
rect values.

FIGURE 9-2. CABINET INTERIOR
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10. Prestart Preparation (Detector/Sentine

GENERAL

Before attempting the initial start of the generator
set, be sure to complete the Installation Checklistin
Section 11.

ELECTRICAL SYSTEM

Verify aH electrical connections are secure and all
wiring is complete and inspected. Replace and se-
cure any access panels that may have been re-
moved during installation.

Battery Connections

WARNING Accidental starting of the generator
set can cause severe personal injury or death..
Make sure that the Run/Off/Auto switch on the
control panel is set to the Off position before
connecting the battery cables.

Starting the unit requires a 12 volt battery. Connect
positive battery cable before connecting negative
battery cable to prevent arcing.

10-1

Service the battery as necessary. If an automatic
transfer switch is installed without abuilt-in charge
circuit, connect a separate battery charger.

WARNING Ignition of explosive battery gases
can cause severe personal injury. Always con-
nect battery negative last fo prevent arcing.

WARNING Be sure battery area has been well-
venfilated prior to servicing near it Lead-acid
batteries emit a highly explosive hydrogen gas
that can be ignited by arcing, sparking, smok-
ing, etc.. Ignition of these gases can cause se-
vere personal injury.

STARTING

Refer to the generator set Operator's manual for im-
portant safety precautions and recommended pro-
cedures to start the genset and to confirm proper
operation. Start the generator set and verify all en-
gine and generator gauges are displaying the cor-
rect values.
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11. Installation Checklist

GENERAL
Generator set wattage capacity is sufficient to handle maximum anticipated load:

At least 3 feet of clearance is provided around entire generator set for servicing and ventilation.

Generator set is located in an area not subject to flooding.

All operating personnel have read and are familiar with Operator's Manual.

All operators have been thoroughly briefed on correct operation and exercise procedures.

All operators have been thoroughly briefed on preventive maintenance procedures.

All operators have read and understand all Safety Precautions in Operator's Manual.

GENERATOR SET SUPPORT
Floor, roof or earth on which the generator set rests is strong enough and will not allow
shifting or movement. Observe local codes on soil bearing capacity due to freezing and
thawing.

❑ Generator set is properly supported and retained to approved base which is separate and inde-
pendent of the surface on which it sits. Vibration isolators are installed between base and set.
Supporting base is large enough -extends 12-inches all around set.

COOLING AIR FLOW

Generator set air inlet is faced into direction of strongest, prevailing winds.

Air inlet openings are unrestricted and at least 1-1/2 times larger than air outlet area.

Cooling air outlet is on downwind side of building (if not, wind barrier is constructed).

Proper. ducting material (sheet metal, canvas) is used befinreen radiator and air outlet.

DIESEL FUEL SYSTEM

Fuel tanks meet or exceed all Local, State or National codes.

Fuel lines are properly installed, supported and protected against damage.

Flexible fuel line is installed between main fuel supply line and generator set to protect
against vibration, expansion and contraction.
Strainer or fuel screen (100 to 120 mesh) is installed in the fuel supply line to protect the
fuel lift pump, day tank transfer pump or float valve seat from fuel supply tank debris.

Fuel line shutoff valves are installed to prevent fuel flow in case of leaks.

External fuel pumps are connected and operational at all times (generator set started or
shut down).

Fuel system is properly primed.

No fuel leaks are found in supply line or engine fuel system.



EXHAUST SYSTEM

Operators are thoroughly briefed on the dangers of carbon monoxide gas, preventing
the buildup of this gas in inhabited areas.

Areas around set are well ventilated. No possibility of exhaust fumes entering building
doors, windows, or intake fans.

Exhaust gases are piped safely outside and away from building.

The correct length of approved rigid pipe is connected to the generator set flexible pipe
using approved securing methods with no weight resting.on engine exhaust compo-
nents. There are no bends in flex section.

Condensation drain is provided in lowest section of exhaust piping.

❑ Exhaust piping is insulated to guard against bums to personnel.

Exhaust piping passing through walls or ceilings have approved fire-proof materials and
are in compliance with all codes.

Exhaust piping is large enough in diameter to prevent back pressure on engine.

AC AND DC WIRING

❑ Wire sizes, insulation, conduits and connection methods all meet applicable codes.

❑ AC and DC wires are separated in their own conduit to prevent electrical induction.

❑ All load, line and generator connections are proper and correct.

❑ Flexible conduit between generator set and building or surrounding structure.

GENERATOR SET PRESTART

❑ Generator set engine is properly serviced with oil and coolant.

❑ Batteries are properly installed, serviced and charged.

❑ Battery charger and engine coolant heater are connected and operational.

❑ All generator set covers and safety shields are installed properly.

❑ All fuel and coolant shutoff valves are operational.

❑ Fuel system is primed.

11-2
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TEI Engineered Products, Inc. employees work

in three (3) different operating units; Distribution,

Fabrication, and Service, each involved in the

hydraulic/electronic control industry.

Each operating unit has the expressed goal of

providing the highest level of customer service

and satisfaction available in our industry. To

that end we will provide superior technical support,

a whatever-it-takes customer service attitude,

and the highest quality components available.

The end result of our employees' effort is the

establishment of positive, long-term relationships

with our primary vendors and customer base.

l~' /
ENG~N~EAED

-..
INCORPORATED

6920 So. Jordan Rd., Suite C. •Englewood, CO 80112

(303) 693-1491 ~ FAX (303) 680-7577





Section 10

DRIVE TERMINAL



Drive Terminal

Maintenance

Frequency Maintenance Activity

WEEKLY - Bullwheel alignment
- Deflection sheave alignment

Deflection sheave bearings
- Position of arrival photo eye

MONTHLY - Drive terminal structural welds
- Guidage
- Drive carriage slide pads
- Bullwheel liner wear
- Motor tach coupling .
- Lorry frame welds
- Tension ram connections
- Motor tach coupling
- Lubricate deflection sheaves
- Deflection sheave liner wear
- Function and alignment of battery charger socket
- Mounting of impulse generator
- Test cable position switches and check hardware

AFTER 1 S' 2 MONTHS - Perform a thorough visual inspection of all structural
componets.

- Check tightness of all bolted connections.

EVERY 6 MONTHS - Check all structure nuts and bolts
- Track rope saddle
- Visually inspect track rope socket
- Deflection sheave hardware and welds.

Section iD: 1999
Drive Terminal

1



Maintenance and Inspection

Structure

Check tightness of all nuts and bolts.
Visually inspect structural welds.
Inspect guidage for worn or damaged pad material and broken or missing hardware.
Inspect track rope saddle for signs of saddle wear by checking each end of saddle for
displaced liner material

Driver BullwheeUCarriage

Check carriage slide pads for wear. If clearance is greater that 1/16" per side, pad
must be replaced
Check gearbox, bullwheel and motor mounting bolts for tightness and integrity.
Inspect bullwheel liner for wear. Groove depth greater than 1/3 rope diameter is an
indication that liner needs to be replaced. Groove depth should be checked at a
location NOT in contact with the haul rope. For liner replacement procedure refer to
Line Tower section of this manual.
Visually inspect motor/gearbox coupling for integrity.
Visually inspect weldments.
Visually inspect tension ram connections and weldments.
Check haul rope alignment on bulfwheel.

Deflection Sheaves

Check tightness of nuts, bolts and hardware.
Visually inspect weldments.
Verify proper cable to sheave alignment. Sheave must be in same plane as cable and
cable must be in center of sheave liner for maximum liner life.
While lift is running, listen to sheave for indications of bearing failure.
Grease sheaves with Mobil Mobilith SHC 480 or equivalent grease.
Inspect liner for wear. Groove depth greater than 1/3 rope diameter is an indication
that liner needs to be replaced. Groove depth should be checked at a location NOT in
contact with the haul rope. For liner replacement procedure refer to Line Tower
section of this manual.

Charger Socket

Visually inspect for integrity (spring, bolts, etc.)
Verify smooth operation when cabin docks.
Check tightness of switch mounting bolts.
Verify proper function of battery charger socket. Make sure cabin contacts are making
good contact with socket contact plates. Check terminal connections.

Section l0: 1999
Drive Terminal





Section 11

RETURN TERMINAL



Return Terminal

Maintenance

Frequency Maintenance Activity

WEEKLY - Buliwheel alignment
- Position of arrival photo eye

MONTHLY - Return terminal structural welds
- Guidage
- Bullwheel liner wear
- Inspect tension rods, including hardware and anchorage
- Lubricate deflection sheaves
- Deflection sheave liner wear
- Function and alignment of battery charger socket

AFTER 15t 2 MONTHS - Perform a thorough visual inspection of all structural
componets.

- Check tightness of all bolted connections.

EVERY 6 MONTHS - Check all structure nuts and bolts
- Track rope saddle
- Visually inspect track rope socket
- Deflection sheave hardware and welds.

Section 11: 1999
Retum Terminal

1



Maintenance and Inspection

Structure

Check tightness of all nuts and bolts.
Visually inspect weldments of buliwheel frame and anchorage.
Inspect guidage for worn or damaged pad material and broken or missing parts.

Return Bullwheel

Check cable alignment.
Check guide sheave alignment.
Lubricate bullwheel with Mobil Mobilith SHC 460 or equivalent grease. Remove relief
fitting and pump fresh grease through the bearings, purging the used grease out the
relief-fitting hole until fresh grease is visible. Re-install relief-fitting. Clear the
bullwheel of personnel and equipment and run the lift for.. one complete round trip of
the cabin. Repeat the greasing procedure. (See Drawing 3038.411_)

Charger Socket

Visually inspect for integrity (spring, bolts, etc.)
Verify smooth operation when cabin docks.
Check tightness of switch mounting bolts.
Verify proper function of battery charger socket. Make sure cabin contacts are making
good contact with socket contact plates. Check terminal connections.

Section i 1: 1999
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Section 12

LINE EQUIPMENT
AND TOWERS



Line Equipment &Towers

Description

Tubular structures with attached half crossarm and saddle (see Drawings 3038.782 and
3038.783)

The purpose is to maintain the position of the haul rope and track rope, while allowing
free passage of the carriers.

Maintenance

Frequency Maintenance Activity

DAILY Check for proper alignment and correct if necessary.
Check for loose or broken parts.

MONTHLY Check saddle axle

Section 12.• 1999
Line Equipment &Towers

SADDLE: Visually inspect the saddle of any cracks and proper rope
alignment. Verify that the track rope passes freely over the saddle
during operation of lift.

SHEAVES: Check that the haul rope passes correctly in the middle
of the sheave. Adjust sheaves accordingly

SHEAVES: Check for wear on rubber lining. Replace if more than
3/4" or 20mm is wom from original surface. Check proper seating of
retaining rings.

SHEAVES: While lift is in operation, listen for unusual noises (i.e.
bearings, liners, rattles, etc.)

STEEL STRUCTURE/TOWERS/BRACKETS/CATWALKS: Check
the general exterior condition - paint, rust, loose anchor or assembly.
bolts, cracks, etc.

1



,.: EVERY SADDLE: Check the free articulation of the saddle components.
600 HRS.

CONDITION OF THE SHEAVE BEARINGS: Change if necessary.
ATTENTION: Use only the POMA sealed bearings. The quality and
quantity of grease they contain have been especially designed for
POMA to meet strict specifications.

Lubrication NOTE: Sheave assemblies must be unloaded to grease

Frequency Grease points

MONTHLY SHEAVES: The sheaves themselves are sealed bearings and
require no greasing. However, grease the outer surface when
installing to prevent rust.

SADDLES: Grease saddle bushings on main axle with Shell SHC
460 or equivalent grease. There are two grease fittings on each
saddle. See drawings 3038.782 and 3038.783 for location.

TWO TIMES Lift rope off saddles and grease saddles with Shell SHC 460 grease.
PER YEAR

EVERY All axles with grease fittings: MOBIL MOBILITH SHC 460 or
600 HRS. equivalent grease.

Section 12: 1999
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Lifting Off the Cables

The tower crossarms can be used as a hoisting tackle. See "Loads on Structures" rn
E° section 1 of this manual for appropriate rigging loads. To lift off the cable, proceed as

follows:

Use a "Tirfor" type hoisting winch or acome-along.
Use the appropriate hole in lifting gantry and mount- the dead end of
hoist to crossarm. The hole closets to tower is for haul rope. The hole
farthest from tower is for track rope. (See Figure 12-1)
To lift the track rope on tower 1 remove the knock outs (index S on
drawing 3038.782). Attach hoist to outside hole in cross arm. Wrap
appropriate slings around the cable and attach to hoist. Use a 39-1/tin
spreader bar to keep slings i.n proper position. (See Figure 12-1)
To lift the track rope on tower 2 attach hoist to outside hole in cross arm.
Wrap appropriate slings around the cable and attach to hoist. Use at a
minimum of a 55in spreader bar to keep slings in proper position.
To lift the haul rope use the inside hole on the cross arm to attach' hoist.

* Failure to follow these procedures could -result in damage to equipment
and serious injury or death to personnel.

Secf~on 12. 1999
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Maintenance and Adjustment

Track Rope

Visually inspect entire length of track rope. A thorough inspection of the rope at end
connections and saddle locations is of the utmost important.

Haul Rope

Visually inspect entire length of haul rope, including a thorough inspection of the haul
rope in the truck area and including the haul rope clamps.
Lubricate haul rope. Drip or brush a very light film of castor oil onto the rope. It is best
to lubricate rope during warm weather. It is very important that the lift no run for 24
hours after the application of the castor oil.

Line towers

Visually inspect all weldments.
Check tightness of all nuts and bolts.
Check alignment of haul and track ropes.
Grease saddle axle using Shell Avania #3 or equivalent. It is necessary to unload
saddle prior to greasing. This will allow for the grease to flow around the entire
bushing.
Check sheave liner wear. If the groove in the liner is wom to a depth of 1/3 the rope
diameter, the liner must be replaced. Refer to Diagram A for relining procedure for the
200mm diameter sheave, bullwheel, and return sheaves.
Check sheave bearings. Lift haul rope off each sheave and spin the sheave listen for
any unusual noises.
Inspect track rope saddle. Look for indications of excessive surface wear. Check
tightness of mounting bolts and position of track rope straps. (See Drawings
3038.782 and 3038.783)

Section 12: 1999
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FROM ~ LEITNER POMA PHOhE N0. 9702419645 Feb. 06 2006 02:22PM P3
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,~11r1A

LEITNER-POMA OF AMERICA, YNC.

March 23, 2005

Mr. 7org Ludwig
Senior Safety Engineer
State of California
Deparnneat of Industrial Relations
Tramway Unit
P.O_ Box 11227
Truckee, CA 96162

Dear Mr. Ludwig,

This letter is in re5erence to the Pacoima Dam Tram (A-80'~ and the questions conceaning the
track rope brake acijusmient and track rope sad~e retention.

'Lack Rope Bralre Adjasfmatt - I lave reviewed the ba~ake pad clearance requitement that is
outlined m the "Pacoima Aeaial Tratn~ay Operation and Maintenance Manual" (OM ma~aal) and
have revi.~ed this cl~uanc~ ~+om 3.Smm each side 7.Omm total to 2Smm each side S.Omm total

minimuta Ses the enclosed revised Section 13, Page 6A The brake pull best value was

deberminod dtaing the acceptance test. This ̀Peal" value is dii~'er~ent tbaa the theoretical
ealeulatod value and reflects fiction and other ̀ 4ea1" conditions on site. Enclosed aze the beaks
force calculations.

~'racfc Rope Saddle ~teteateon — We included calculatiaas for the retention of the track cope in

the saddles as part of the origins] subimttal packages for cefii~ication of the tramway_ Etu3osed

are copies of the submitted calculations. Furthermore, it was determ~ed by the certifying desi~

engineer, by calculation and during the load best, that the track rope retention straps were not

requmrcd fa adequate safety to derapemea~ and might even constitute a hazard far the trade rope

brake. Leiner Pama toctu~icians inspet4tlg the harnway checloed the conditioa of the retmining

straps, duu~g mot~ly service visits, and removed them as they became a problem. Leiter Poma

is now n~gtriring that all remaining track mpe t+etrntion straps moat be removed whea~everfey
interfere xith passage of the tick mpc brake. F.aclasea is nwised Section 1 Z, Page dA irmoR►ing.
the "chock position of track rope saps" roqui~ent, and revised sadd]e assembly draw~gs
US3038.782A and US3038.783A.

tar yoga n~xx~dy, wt are sending revier~ OM manual pnge9. revised drawings ~uci m~enriir~
copies ofpertinent caleularions. These will be also sent to Sam Kats and Sam Huber of LA
County I.S.D.

Sincerely,

Nelson T'usbtrg, P.E.
Manager of RED Engineering

2530 POR~HT CYCLE O~t1i~TD JUNCPION, CO B1B08 .• (970) x41.4443 BAX (9?0) 241-8023

EeBTFRN Ol~i+'[CE: P.O. BOX 35. ROUTE 100 de 107 ~ 9'POCHBItIDC~E, VT 0672 (802) 748.79b5 FA8 C8087 746-7958
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050 710
080 066

shave
devices

2 031 195
~ 200

SHEAVE OIA. 200
AND DIA. 500

Rep. 11lb. Ref.

2 031 195 ASSEMBLY
SHEAVE DIA. 200

comprising

1 2 201 604 sheave

1 2 201 482 rubber lining

2 050 110 inner circlips
dia. 52 type 7000

2 080 066 ball bearings
6 205 EE

Not shown 2 3110837 Nylon dust washers
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DIAGRAM A
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CARRIER



Carrier

Description

One cabin with 8 sheave truck and track rope brake.

Maintenance Schedule

Frequency Maintenance Activity

EVERY TRIP Verify track rope brake system pressure.

DAILY Track rope brake: check for system leaks
Haul rope safety: Check that the pins release smoothly
and lanyard is securely attached to the haul rope.
Cabin: general inspection

.. _ 

__

MONTHLY Truck hanger: Inspect battery charging plug.
Check torque on haul rope clamps.

Track rope brake: Check oil levels
Manual activation of brake.
Pull test
Pressure switch

Cabin: Frame
Haul Rope Clamps: Verify torgtae of haul rope clamp,

trolts and cable clamps on tails of haul
rope
Visually inspect haul rope at clamps and
at bottom truck structure for broken
wires or other damage

EVERY 6 MONTHS Truck/hanger: Inspect truck sheaves
Track rope brake: Verify automatic. activation

YEARLY Truck/hanger: NDT hanger axles and thoroughly
check hanger head bushings.
Grease hanger head bushings

Cabin: Check door opening mechanism

Section 13: 1999
Carriers
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Maintenance, Inspections and Adjustments

Truck/Hanger

General Visually check hanger to truck and cabin connection for any
Inspection loose hardware and integrity of welds.

Check sheaves and rockers for complete rotation:

Check sheave liners for. wear and replace as necessary.

Hanger Axles Non-destructively test (NDT) hanger axles. The testing shall
be performed by at least a level II Examiner as specified by
the ASNT TC-1A. Any linear or transverse indication shall
be cause for rejection of an axle.

The hanger to truck axle shall be tested, both visually and
ultrasonically.

Hanger Head Grease hanger to truck connection with Aero Shell #14 or
And Bushings Equivalent. It is important that the cabin is pushed

perpendicular both directions when applying grease to allow
grease to completely lubricate the bushings. (See Figure
13-1)

Bronze
Washers

Hanger
Axle

Grease —~
Fitting

Bushings —~

Hanger

Section 73: 1999
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Figure 13-1
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Charge Plug Inspect plug. Pay particular attention to wire terminations,
position of plug in socket and condition of copper
components. Make sure copper contact pads are clean and
free of foreign material.

Truck Sheaves Lift one side of each 2 rocker and check for free movement
of the sheaves. Inspect sheaves, bearings, and liners.
Replace components as needed. See the section 11 of this
manual for criteria and replacement procedures. (See Figure
13-2 )

Rockers Check for free articulation of each rocker. (See Figure 13-2)

Figure 13-2

Haul Rope Check torque of the ten M14 bolts on the clamps. Torque
Clamps value is 70 foot-pounds with clean dry threads. Follow the

pattern in figure 13-3 for tightening the bolts. Repeat pattern
until torque is achieved on all bolts. The gap between the
plates has to be consistent through out. (See Figure 13-3)

Section 73: 1999
carriers

Check clamps above truck between cables for tightness of
bolts.

Inspect rope in clamp area. Report any deformation or
failure of rope strands to Poma of America, Inc. and
cease lift operation until approved by Poma.

Figure 13-3



Track Rope Brake

System Leaks Visually check all components for external leaks. Repair
as needed.

Oil Levels Pump Unit: With brake applied, oil lever should be 1/tin
to 1 in from the top of the reservoir.

When adding or changing oil, use Mobil QTE13 or
equivalent.

Manual Activation Wth system at normal operating pressure, turn red
Of Brake handle on ball valve and verify system pressure drops to

zero and track rope brake sets correctly. (See Figure 13-
4 and Drawings 3038.768, 3038.868)

Accumlator

Dump Valve

Pressure
Gauge

Section 13: 1999
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Oil Fill

Pump
Handle

Pump

gure 13-4
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LEITNER-PO1~A. 0~ AMERICA, uiTC.

March 23, 2005

Mr. Jorg Ludwig
Senior Safety Engineer
State of California
Deparnneut of Industrial Relations
Tramway Unit
P.O_ Box 11227
Truckee, CA 96 ] 62

Dear Mr. Ludwig,

This letter' is in reference to the Pacaitba Dam T:sm (A-80~ and the questions concerning the

track rope brake aclju~ent and track rope saddle retecition.

Zlrack Rope Bra1~e Adjastmeat - I have reviearod the b~akc pad dea~ance requitement that is

outlined m the "Pacoima Aerial 7rarnway Opeiativn and Maintenance Manual" (OM a~a~aal) and

have revi9ed this cleuance ~+oin 3.Smm each side 7.Omm total to 2Smm each side S.Omta toil
m3nim~ua Sea the enclosed revised Sa~ioa 13, Paage 6A The brake pull best value was

dece~minad during tie acceptance test. This ̀4~ea1" ~+alue is different than the theoretical

calculatod value and reflects fiction and other ̀ 4eal" cvr~ditions on ate. Enclosed are the bEake

force calculations.

Track Rope Saddle Retention — We iaeluded calculations for the retention of the track ivpe in
the saddles as part of the original subimtLil packages for cett~i~ication of the hamaray. Enc3osed
are copies of the submitted calculations. Furthermore, it was det~ed by the certifying desi~

engineer, by calculation and dining the load test, that the track rope retention straps were not
~egiarcd fa adequate safety to dtropemrn~ and might even conatitube a hazard for the trade mpe
bralac. I.atner Patna tochnicians inspecting the tt~rnway chec]oed the condition of the rem~iaing
straps, d~au~g monthly service visits, and removed them as they became a problem. Leif Poma

is now i~oquirmg that all Temainmg track rOpC tateahon straps mu8t be removed whex~evtr fey

intitrferc Frith passage of the hack ropt braloe. F.aclosed is revised Section 1 Z, Page 4A irmoroing

the "check position of track rape s~ap~" mquiiement, and revised saddle assembly drawings

US3038.782A and US3038.7$3A

I'ar yv~a ~~dy, we are sending reviBad OM mar►ua] pnge9. mvised drawings and mscn~
copies ofpertinent calcularions. These will be also sent to Sam Kats and Sam Huber of IA

Cotmty I.S.D.

Sincerely,

Nelson Tusberg, P.E.
Manager of RBtD Engineering

2510 1~OR8'SDaBT CIItCLE CiRAaTD JUNCPION, CO 81808 (970) a41.444a FAX (970) 241-8023

EaBT~FiN OFFICE: F.O. BOX S5. ROUTffi 100 do 107 STOCgSR~3DC#E, VT 06772 (802) 748.79b5 FAR C80a) 746-7858



Brake When brake is released, the brake pads grooves should 2 ~ 5
Adjustment be centered on the track rope with a minimum of ~:~3"mm

of clearance each side. If the pad grooves are more than
an 1 /bin out of vertical alignment then replace roller
(Index P) and pads. (See Drawing 3038.868)

Slowly set the brake with the dump valve. Verify that the
brake sets property with the track rope correctly seated in
the brake pad grooves. (See Figure 13-4)

Adjustment of the brake should coincide with values
determined during pull test. To increase braking
pressure tighten nut (Index X) while backing up bolt
(Index I) with appropriate wrenches. To decrease
pressure loosen nut (Index X). (See Drawing 3038.868)

System Pressure To determine system pressure, pull test the truck and
adjust brake. Pump up the brake until 3.5mm of
clearance per side between the track rope and brake
pads is achieved. Note pressure shown on gauge. This
pressure will be the release pressure until next pull test.
If system pressure is determined to be above 5000psi the
system may not be working properly and a thorough
check of the system is needed before lift may resume
operation. Never exceed maximum pressure on
gauge.

Section 13: 1999
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Cabin

General Check for freeand proper operation of door.
Inspections Check general condition of cabin.

Check battery charger for proper charge

Door Emergency Verify that emergency release pins are fully engaged
Pins (See Figure 13-6)

Frame Carefully inspect frame and frame connections for
cracks, loose or missing hardware and integrity of safety
cables. (See Figure 13~)

Door Opening Lubricate areas noted on figure 13-6. Alight film
Mechanism brushed on is sufficient.

Lubricate spring arm at grease fitting

Release
Pin

SecSon 73: 7999
Carriers

Grease
Area

Safety
~ab~e

Figure 13-6

Grease
Fitting



ACCEPTANCE/REJECTION CRITERIA
FOR HANGERS

2.3.4.3. ANSI B77 CODE

1. qualifications for Testing Personnel

All inspectors should be at least a Level II Examiner, as specified by the American
Society of Non-Destructive Testing TC-1 A.

2. Sampling Size and Method of Obtaining the Sample

The test sampling method shall identify the parts tested to assure a rotating minimum

test sample on each lift of 10 hangers or 10% of all the total hangers per year, whichever

is greater.

3. Allowable Resection Rate and Retest Procedures

If any of the 10 or 10%, whichever is greater, is rejected, another 10 or 10%, whichever

is greater, shall be tested.

4. Types of Inspections to Be Performed and the Procedures to Be Used

- Visual inspection of every hanger once a year.
- Non-destructive testing by means of magnetic particle and/or liquid penetrant to the
critical areas per blueprint.
- Procedures for non-destructive testing shall be done according to the American
Society of Non-Destructive Testing TC-1 A.

5. Criteria for Acceptance/Resection of Samples

Welded stress parts:
- Any linear indications

Transverse indication with 1 dimension greater than 1/8 inch.
- 3 or more aligned indications with the distance betuveen being less than

1/8 inch edge-to-edge, or extending for more than 5/8 inch if this
distance is between 1/8 and 1/4 inch.

- 2 separate indications are considered as one if the distance which
separates them is less than 2 times the length of the smaller one.
The cumulative length of the indications is equal to the measured

Section 13: T999 7
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Haul Rope and Track Rope

Description

The characteristics of the wire ropes for this lift are described in Section 1, Lift Data.

Maintenance of the Haul Rope

Frequency Activity

DAILY

ANNUALLY IN
IN ACCORDANCE
WITH ANSI 677.1-7.4

EVERY 6000 HRS

Check for free travel of the tension sheave.

Check general condition of haul rope for rust, broken
wires, internal condition.

Check splices and repairs.

EWRT, Electromagnetic Wire Rope Test

Maintenance of the Track Rope

Frequency Activity

DAILY

ANNUALLY IN
IN ACCORDANCE
WITH ANSI B77.1-7.4

EVERY 6000 HRS

Section 14 1999
Haul Rope and Track Rope

Check for free travel of the tension sheave.

Check general condition of haul rope for rust, broken
wires, internal condition.

Check socketed connections.

EWRT, Electromagnetic Wire Rope Test



Protection

POMA strongly advises against greasing the haul rope since this will impair cable
adherence on the drive sheave. In addition, the abrasive wear of the sheave and
bullwheel linings can cause the grease to form an amalgamate that can hinder the
evaporation of internal moisture from the cable.

POMA recommends brushing, dripping or spraying a thin coating of an anti-corrosion
protective fluid, such as Shell ENSIS Fluid MD, on the cable if your lift is not to be used
for an extended period of time.

➢ If your lift is equipped with a TECNOR haul rope, has a solid plastic or poly core
and is used for year-round operation, it is best NOT to put any lubricants or
protectants on the rope.

➢ If your lift is equipped with a TECNOR haul rope with a solid plastic or poly core, is
not to be used for an extended eriod of time and if your area has climactic
conditions which cause severe corrosion, then use of lubricants or protectants is
appropriate.

NOTE: Shell Ef~fSIS fluid may not be readily available in all areas. If this is the
case, it is permissible to use a high quality pure vegetable castor oil but
only if the lift is not to be operated for at least 2 weeks immediately after
application of the castor oil. It is imperative that a very minimal amount of
castor oil be used -just enough to provide a thin coat.

WARNING

When using castor oil as a protective fluid, only apply a minimal

amount of the oil to the cable. Application of castor oil must only

be done if the lift is not to be run for at least 2 weeks immediately

following such application. Failure to follow these instructions

could lead to serious equipment damage and/or personal injury.

Section 14 1999
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LUBRICATION

Introduction

Lubrication of moving mechanical parts has an important influence on the life of the lifts
and their safety in operation. Consequently, Poma and our suppliers have carried out
studies, research and tests to recommend lubricants complying with the requirements of
our specifications.

Therefore, it is important to follow the recommendations and instructions given in the
present and other Poma maintenance documents.

Following the basic information given hereafter, the operator will find characteristic
data and tables concerning the products recommended by Poma for the lubrication
of our standard equipment.

POMA Supply

`, Unless otherwise specified, Poma carries out the first lubrications and greasing of
-- the lifts installed.

For further lubrications, the operator may obtain the recommended oils and greases
from Poma or local suppliers.

Recommendations

Storage

Lubricants must be stored in such a way as to protect them from contaminants and in
accordance with local, state and federal requirements.

Water must not be allowed to accumulate around the covers and caps of the various
containers. The drums must be laid horizontal orsemi-horizontal.

It is important to keep the labels on the containers in good condition in order to identify
the lubricants.

Section 15: 1999
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Lubrication

Spray lubrication systems for reducers must be checked at regular intervals.

Piping between bearings and grease fittings on certain components must not be
disconnected or flattened: check before first start-up and after each servicing involving the
component.

Never mix finro oils or especially two greases of different quality.

Check oil levels in gear housings regularly.

Do not top up oil as soon as the lift has stopped.

Change oil when still warm, at recommended intervals.

Section 15: 1999
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Definitions

Viscosity

This property defines the resistance of a fluid to flow, therefore its natural speed of flow.
It is determined by measuring the time a specified volume of oil, at a given temperature,
takes to flow through a hole of specified diameter.

The higher the viscosity number, the higher the viscosity of the fluid, i.e. a 220 Cst oil is
more viscous than a 68 Cst oil.

For oils known as "gear housing oils" and hydraulic oils, the International Standards
Organization (ISO) has established a classification of industrial lubricants based on a
viscosity scale at 40° C, expressed in centistoke (Cst). This scale comprises a series of
grades representing mean viscosity values; each grade covers a viscosity range of +/-
10% of the grade value. To assist users in readily identifying their oils, most brands
include the grade value in the product brand name: for instance, Shell Omala 68 oil is a
lubricant with a mean viscosity of 68 Cst at 40° C.

Gearbox and bridge oils (used in Kissling reducers) are classified by the Society of
Automotive Engineers (S.A.E.) depending on their viscosity at a temperature of 100° C. A

- cold viscosity stress is added for grades followed by the letter W (winter). Thus the
viscosity of an 80 W oil is:

- less than or equal to 150,000 centiposes at -26° C
- greater than or equal to 7 centistokes at 100° C.

Viscosity Index

This is a conventional number indicating how viscosity varies with changes in
temperature. The higher the index, the smaller the variation in viscosity.

Aniline Point

This indicates how elastomeric seals will react when in contact with the oil. With a low
aniline point oil, they tend to swell; with a high aniline point oil, they tend to harden and
contract.

Grade

The NLGI scale classifies the consistency of a grease. The lower the grease number, the
softer the grease.

Section 75: 1999
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Prescribed Hydraulic Oils

Constant Hydraulic Tension System with Electric Pump

Oil Characteristics

- Hydraulic control oil with a very high viscosity index > 150
- Viscosity at 104° F = 32 to 37 Cst
- Pour point: < -31 ° F

Main Brands

SHELL Tellus T37
MOBIL DTE 13
ELF SHF 32
ESSO Univis HP 46
FINA Hydrau HW 32
TOTAL Equivis ZS 32

Constant Hydraulic Tension System with Accumulators)

Oil Characteristics

- Hydraulic oil "aviation" type or type for low temperatures
- Viscosity at 104° F = 13 to 16 Cst
- Viscosity at -40° F = 400 to 500 Cst

Main Brands

SHELL Fluid H2798
MOBIL Aero HFE
ELF Aviation hydraulic oil 20
TOTAL Aero hydraulic 520

Emergency Brakes

The emergency brakes use the same oil as the hydraulic tension systems cited above.

Section 15: 1999
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Prescribed Lubrication for Speed Reducers

POMA-Kissling speed reducers require a high pressure oil made for hypoid gears. It
must meet the requirements of API Service GL5.

Popular Brands of SAE 80 W

SHELL Spirax HD 80 W: viscosity index 91, flow point (-28° F)

ARAL Getriebeol Hyp. 80

ASEOL Topress 80 W

BP Hypogear EP 80 W

ELF Tranself B 80 W

ESSO Gear oil GX 80 W

GULF EP Lubricant HD 100

KLUBER Synthesco D 220 EP (not to be mixed with others)

MOBIL Mobil HD 80/90 W

SUNOCO MP-GL 580 VG 68

TEXACO Multigear EP-80

TOTAL Transmission TM multigrade

NOTE: Bearings are oiled automatically from within the gearbox on all POMA-
Kissling units.

If a synthetic oil is desired, use MOBIL SHC 7590 meeting A.P.I. Service
G L5.

Section 15.' 1999
Lubrication
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Prescribed Greases, Oil and Fluids
for Carrier Hanger

Haul Rope

Carrier Hanger

AERO SHELL GREASE 14

Haul Rope

POMA and our suppliers do not allow greasing the cables for two reasons:

1) To keep the same adhesion coefficient on the drive bullwheel, and

2) To avoid grease packing between the strands due to the abrasion of the
sheave linings. This would prevent the ventilation of the internal humidity
from the cable.

POMA recommends the use of a thin coat of SHELL ENSIS Fluid MD. Refer to Haul
Rope Section for specific requirements.

NOTE: Shell ENSIS fluid may not be readily available in all areas. If this is the
case, it is permissible to use a high quality pure vegetable castor oil but
only if the lift is not to be operated for at least 2 weeks immediately after
application of the castor oil. It is imperative that a very minimal amount of
castor oil be used -just enough to provide a thin coat.

WARNING

When using castor oil as a protective fluid, only apply a minimal

amount of the oil to the cable. Application of castor oil must only

be done if the lift is not to be run for at least 2 weeks immediately.

following such application. Failure to follow these instructions

could lead to serious equipment damage and/or personal injury.

Section 15: 1999
Lubrication

T

6



MOBIL MOBILITH SHC 460

Characteristics

Grade NLGI: 1-1/2

Ingredients: Synthetic base fluid with a lithium complex soap thickener with
additives for anticorrosion, antioxidation and durability

Drip point: 246° C (475° F)

Excellent resistance to water, oxidation, the effects of cold temperatures and high
pressure.

Applications

Electric motor bearings

Bearings in the reducers (when necessary)

U-joints

All shafts and axles of the sheave assemblies

Adjusting screws

Schnorr washers used in fixed grips

Section ]5: 1999
Lubrication
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15 A FNS 
T1 5 kVA 

p0 A FNOOtA1 ppq~ HBO pri 2401120 see 02A3
~OtD]

02A2 ~p1Rj~11R~
A

02A4

01C1 
15 A FNQ 

0281 0282 
20 A FNQ 

0289
~01EJ~01L][11S~

B

~ 16A Outside Lights

16A

~~ 

O

~

~~
~ ~~ 02D1 

Cabinet
/~ 02E1 Alr Conditioner _

E —

F I~
4A Cabinet Lights

~ oz~, oz~2G p d

12 VDClB Amp Betlery Charger

~ `" 
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m m
Cabinet Modem

H

J

K

— Cabinet Modem
Evac Engine — 02L1 power

L Battery

2 A 02M2

M 02Mt Coax.~ozv~
24 VDC/35 Amp Battery Charger To Antenna

N

~, ~
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Light pole.
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m m

02Q1 
~13FJ

Q

02p~ Cabin Charging Plup

R Sealed Lead Acid Batteries 40 Amp/Hour
~13FJ

0251 I I p~ ~ I'

S

D1
T CS241270 0271 +24 VDC Powar 0207

Irom Evac Engine
Alternator
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SBP Brake Pump
i

10A
02V1 Hyd. Coaling Fans

~ ~ ~ .J~J
~~
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~tOH~ Emergency

I EBP Brake Pump

ii r~~W
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~X CPCB 6A 
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i
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Z 02M2 _~
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—
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02Y1 S~Q~e~ Sonalert Signal

~~ 09A1 SC62BAN 
03A2

0201

02x1

A (DOJ)
DH4.4 ~OSF~ (DOJ)

•-----

8 0381 I~
DHS-1 ~OSG~

.5A Signal
Sonalert Signal

C 02Y1 03C1 DH4.3 03C2 ~~

[OSF~ (ROJ)

SC62BAN 03C3

(ROJ)

[03H~

D

E

SA-1
Drive Starting Alarm Bell

F 03F1 ^~

~10A] U

G

- Return Starting Alarm Bell
H .SA SA•2 DH4-1

03H7 03, H2 03H3
~--—i

^4
v) ~03C~

~ ~ioa~ ~OSF~

K

OBIt
DC Drive
Eleetronics Power

~ DPE ~f OtD 01F

Rese~ ~ais~~~o~~~na~
Reset Relay t~

M

N

p
~~~ 03P7

RS1 ~E 04C OBE 04H 04K

Q ~

02Yt OBK1 Reset Ralay N2

R RS2 ~F 04N 0~0
■ ■ ■ ■ ■ ■

+24 VDC 1 2 3 4 5 6 7 8 9 10
S Control Volt

Setpaint Meter Zer To est 
Upper H~~

Input Lower Power
T Zero Adj. + r1 - OV r~ +SV

0371 ~_ 0372 1 2 3 4 5
■ ■

6 7 B 9 70
■ ■

~ Test
0301 ~K +

6.8 PF
220 n 5.1 V

V 5~'

02Y1

W
,% ~~

WHT ,'
`~.X BRN ;~

~
BLK

DTE it 07Y
Drive Terminal

BLU ~~ ~~
0201 —~-0 ••

03X1 ~Entrance Switch

Y Photo Switch Emitter
Nat Shawn

Z
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02Y1

Emergency Stop
DCE•1

021

Drive Cabinet
A

04A1 04p2
DCE

Emergency Stop

~F 04A flL
g ~04~~ ~

RS1.1

~U6A~

~ Ia3Pl Drive Outside

02Y1
Emergency Stop

04D1 
DOE- 

04D2

Control Station
Emerpeney Stop

D ~F 04D 11LDOE

(DOJ) ~04D~ !f

RS1-2
E

~03Pj

~O6B]

F CES-1 T~E.~ Tram Cahin
04F7 04f2 Emergency Stop

~F 04F 11LTCE

G [14A) (04F~ *~

RS1-3

~O6D~

H [03P~
Emergency Stop

EVE•1
Evac Engine

02Y1 04J1 
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~ it 04J 11LEVE
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RS1-4
K

[03P~

~06E)

L 1/2 A pH~_~ Emergency Stop

~H~-Z 
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N
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Emergency Stop
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04P2 
DHit•2 

O4P3 
RTS-1 
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Return Tower
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P RTS if 04P 17L
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iF~

~ - Allen-Bradley 5/03
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Port Port
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i i i
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i i i
i i i
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i i i
i i i
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S
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~ i i
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i
i
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DH3.9 
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V
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DH3-4
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Y
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04Y2

Z
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o2ai osni

DH1
~

if 04L 04L 06N OfiN
—'--

05A1
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DH7 ~f i5B 15E OSP 05U

A

B

02Y1 OSA2 ~'{'
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~
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Door
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Z
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02Y1 Slot 1 32 Inputs

04A2 i 00

A —+~ -- fl 
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Drive Outside
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C
~ Emergency Stop
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E
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(DOJ) ~
i
i

Normal Stop

L CNS•i
i

~~OBL1 i Tram Cabin
~ Normal Stop

M (tae

A ~

Normal Stop
DH1.4 ~
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~
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~
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02Y1

01T1

Shot 1 32 Inputs
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C
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i
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';'~ P
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19E 07E1 i DC Drive
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07G1

~
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02Y1

08A1

Slot 2 ~2 Inputs
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A

CCL-1
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i
i
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OBBt ; 
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Cabin Door
~ Closed
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TBP-1 ~ 
02OBDt ; Track Rope

D ~ Brake Position

(14H)
i

E SBP-Aux
i

03OBE1 ~ SB Pump
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F ~ioH~

CPO.1 ~
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G ~ Voltage OK

~14N] ~i
i

H
i
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OSOBH1 ~ Drive Station
~ Entry Gate

~

08K1
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i
i
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~ 06 Control Voltage

K
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~

~
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N
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OBPt ; E-Brake Pump
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~~OBR1 ~ Tension Pump
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i
; ~~ Evac Hydraulic
i Pump Stroke
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Evac Throttle Posiiivn
08U7

i
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~ Evac Engine

U

Evac Oil Pressure

~ Throtlle Position
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i
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10N2

Slot 2 32 Inputs

i 16
Orlve Terminal

A -'--}—fl Haul Rope
~
i
i

Safety Switches

B
i
~ 

~~tOP4 ;
~-~

Tower 1
Haul Rope

C

tOR4

Safely Switches
i
i
i
i
i ~B Tower 2

D --~~Haul Rope
i

i

Salety Switches

E
i

19tOS4
—~-~

~ Return Terminal
Haul Rope

F
Salety Switches

o2Y~
E-Brake Position ~

Z~09G1 ~ Emergency Brake
G

Service Brake Position

~ Position
i
i
i

~ Z~H
09H1 ,

i
Service Brake
Position

J

Bake System Low Prass ' pp
09K1 ~ Brake System

K ~ Low Hydrouiic

E-Brake Lockout Vatve Pos

i Pressure
i
i
i
~ 

23
L

09L1 ~
~

EB Lockout
Valva

M

SB Lockout Valve Pos
2+09N1 ~ SB Lockout

N

Track Rope Tension Over Travel

valve
i
i
i
i
~ 25P

09P1 ;
~

Track Rope
Tension System

Q

Track Ropa Tension Under Travel

i
~
i
' pg

Over Travel

09R1 ~ Track Ropy
R ~ Tension System

~ / i Under Travel

GR 0zd~
S Track Rope Tension Low Press / ~ ~ p7

(TJB) 09St ~
~

Haul/Track Rope
Tension System

T \ / i Low Pressure

Track Rope Tension High Press
GHN

~~TJB)~

0201

09U1
~ 2B
; Haul/Track Ropa

U ~ Tension System
i
i
i

Hiph Pressure

V Haul Rape Tension Over Travel ' 2g
09V1 ; Haul Rape

Tension S~atem
Over Travel

W
_

Haul Rope Tension Under Travel

i
~
i
' 30

09Xt ; Haul Rope
X Tension System

i

3~

Under Travel

Y
05U2 ; Close Cabin

Door
(OSUI

Z
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Slot 3 76 Outputs 02~~

00 i 10At

Starting Alarm

q ~f 03F 03HAlarm Bell i S~
i
i
i

B ~~
Start

Start i 1oBt

~ ST aF 01~

~ O1RL, i

02
Lllt Hours

D
Hour Meter ; 10D1

i
03 i

02Y1 el a1E
Hydraulic
EB Pump

i 10E1 e3 -

.2 EBP~ e2 fo2v]~oeP]

F '

04 
i 02Yi et at

Hydraulic ; 10G1 tOG2 ~3 --
G . Tension Pump

~ e2
7p

~ a2 [01J][08RJ

~

~ 02Y1 _~

~~ (TJB)

H 05
(TJB)

02Y1 s1 n~
Hydraulic
SB Pump

;

~

tOH1
~~ __

e2
SBP

~ a2 (02U][OBE]

J

06

02Y1 s1 a1
Gearbox i 70K1 --

K Oil Flow ~
i
i

i

~~

e2 n a2 ~OF ~01Mj[17D~
V

~ Reset

Drlve Guide

~

i
i
'

OB ~
i

70L1 03P1

10N1
Bilttle Bar Switches

/~ tON2

M

N Sheave Salefy
~~
`~ i 0 O O 0 ~09A~

Line Test

Tower 1
Safety

i
i
i

09 ;
i
i

DHS-3
10P7 10P2

Brittle Bar Switches DHS-a
10P3 10P4

~— f09BJ

P

Line Test ~ (OSG] ~OSG~
Q

Tower 2

i

~~ ; tORt 
DH6-1 10R2 _ Brittle Bar Switches _ 10R3 DH6-2 

~aR4
q Sa~ety ~ ~— IosD~

Line Tesl ~
i
i

[OSJJ (OSJJ

S
Return Guide

Sheave Safety

i
11 ~

i
~

DH6
1051

-3
- 1052

Brittle Bar Switches DH6
1053 -~

-4
OS4 

~09E~~-
Line Test ~ [OSJ] ~OSJ)

T

12
Up Relay

Up Relay ; 10V1 = _

U ~f 12G 12Ei ~P

~i
i

* 12H 12F

V 13
Cabin Door

Cabin Door ~ 10V1 Open Command

~f ~qpOpen Command ~ DOC

W
i ~

14
Cabin -0oor

Cabin Door ; 10X1 Class Command
X ~t ~qsClose Command ~ DCC

i
i

i
i

Y Radia Check er ;

`J ~~

t0Y1

~14U~

Z
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Slot 4 8 Relay Outputs

~~ 
MEt•3 E•Brake Solenoid 02~~

02Y1 ~ 11A1

—i~
11A2 1DAtOW 11A9

A ,
E-Brake ~ ; ~11K)

i

B
i

i
C

~~ i Serviee Brake Solenoid
02Y1 ~ ~

--I;
11D1 10 L310W 11D2

D ,
Service Braked

U
E

'F

~ L~ 11G0 ME~~ ~ 11G1
G

i
~ r—;~ i0

Evac Enpl~e ; ~11K~ To Evac Engine
Fuel Shutotl ~ ~ Fuel Shutofl

H
11H1

i
i

[07DJ

03 ;
Master Emergency
Stop Relay ~t

J

~~K~

K ~ ~
PAC E•Stop Bypass

ME1 ~f 01L 01U 11A flG
PLC E•Stop ~

DCE•2 DOE-2 TCE-Z EVE•2 ROE•2 RTS•2fi ~ 71L2 11L3 11L4 11L5 t1L6 1717 02Y1
L `-' ,t~, F---I I-~ F--IF-~ I~I--

[04AJ ~04D] ~04FJ
i

[04J] ~04Lf ~OdP)

M ; ~o~B]

04

N

'_J i—~~~ ~01~U7

DC Drive i~
Firing Pulse ~
Suppression

P o2v~

'D
~ Trip Counter
i

Trip ~ ~i 11R1 ~~
Counter i ~

~:J

02A4
q

S
0283

i
i
'

os

T

u i;F

v

-
VIGI 100 ~~ ~ 11X1

W

X Reset i~—~-- ' 
k~

i
i
i

Y
11Y1 q2

i

Z ~
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02Y1

q •o

SMR1
0201

`m n v
m Z

n y 1283
B 12 E2 220KD 1282

12C1

(06Y~

~

SMP1
SMC1 *

=
~ o15K ❑

6.8µF n. — _
~'

D 12G2 12G2 — 12D2
0

Llft Speed Meter
ID6X~

E AOR1
12E1 UP"2 12E2 norm 12E4

olf O i
6BKf1 12E3

Slat 5 2 Analog InputsF + [1011 rev i

~
12F7 ~ 2 Analog Ou~puls

Cable Tach
60 V/1000 ~Prt1

uP-2
i Cable Tach
~

Test AOP1
AOC1' 

~_ (10U] ~ 15K A
6.8 P F CH 0~

G

12G1 ~P"~ 12G2 ~
O

12G3 ~

~10UJ
~ 0 camH UP-i

[1ou~
J ;

K
01P1

``~

~

Speed Reference

L

oi0~

~ ~~
CH ~

'
com

i

M

N

P

Q
i DC Drive Speed
~ Reference
~ CH 0
iR oist

~0

CH

S

T

U

V

~0
W

X

Y

Z

Pacoima Tram
LAnalo~t

Dwg: 5.290.171 by: 5LA Date: 1/3/00
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,s`'

24 40C 35 Amp Battery Chuper
15A ; (located at return station)

~'\
A ~'

120 VAC ~ ~ ~'
C Y ~

~ m fG o

B -

C

Uphill Charpinp
p Contacts

13D1

E
Downhill Charging

Contacts I .

F

40 Amp Haur Sealed
~ Batteries

CS2412t0 ;
(CCS) 13Ht (tram cabin)

H I I 13H2

~ ~CCPCB {
16 Amp

Q (CCS)

K I 13P1

L
Cabin Lights

CLT•1 
13M1 ~~~~

M ' ~-0
~13K~ / \

N 13P1 
MC-1

rG~ ~18E]
P 't'rCU~,. Ro~4 ~ MO-i

~_ ~=

R Haul Rope Attachment Salety Switch
13P1 •---------~ •---------•i i i i

i ~ i i i

13D2

Charger Connected

CCC 
Relay

irl 1~P

(CCS) ~ ~

13D2

Light Timer

CLT 
(ccs)

S

13L1 
~Ight Switch

_L

MO.2

iJN1
(18DJ

Cabin -Door Matar

1301 
MC-2

~18E~ 
Track Rope

~ Brake Solenoid

S i i i i i i Track Rope16T1 1351
~ ~ ~ ~;~_

i i i i
~fIHJ Brake Position ~37~

T ~---------' ~---------; ~~er~

1671 13U1 [74N)

■■■ ■■ ■
+24 VDC 1 2 3 4 5 6 7 8 9 10

V Control Volt
Setpoint Meier Zero es~

Upper HLJ

(CCS)
input Lower Power

W Zero Adj. + f—I • OV I—I +5V

13W1 ~~ 13W2 '1 2 3 4 5 6 7 8 9 10
■ ■7 ■

X Test
13X1 ~K +

13P1 6.8 PF
220 R 5.1 V

y sw

Z

Pacoima Tram Cabin Controls and Dwg: 5.290.171 by: sin Date: t/3/00
cr nmeria~. Inc.

1510 Foresight Circle LOS Angeles, CA. POW2f Supply
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16T1

A

B

C

D

E

F

G

H

J

K

0201

L

M
,.~-,

N

teriP

Q

R

S

T

ozo~

V Open

W

X

Y

Z

Trem Hadlo
Emergency Stop I/O Block !1

14A1 ~--~----~
i

Normal Stop

__~T 7481 ~ 2~. i ~
~ i
i ~
i i

Up ~ ~i
J— 14D1 ~ ~i ~ ~
O .. -~~ i

i
~ ~
1 ~

Down ' ~i i
_~ 14E1

-0 ., ' .. ~
i
i i
i i
i i
i i

1BR1 i i

i ~
i i
i
i i
i i

1351
---F-~ 6

,~
i i

1K fl ' ~
18T1 i i
--gym ~ i

i i
~ +12V

14Kt ~
~ 8 i
i i
i i

~ Flasher ~ ~
i ii ~~Z ;

Tram Radio,
I/O Block ~2

13U7 '-------'
—~ ~ ~

i i
i i
i i
i i
i i

ccc•+
taP~

'~""~ 2

(13F] i
i i
i i
~ i

18Mi

~ 3
i i
i i

1

tK n
ieai
—~B a

~ ~

+i2v

iau~ ' ~
5 i

Flasher ' ~i i
i i
i i

Close 'i i
14V1 ~

iT~ —;~, 6 Open;

ii i ~
~ ~ ~' '
~ i i
~L 14X1 ' ~

' 7 Close;
~ ~
i i
i ~
i i

i
~3ri
0 ~ ~-~Zy B i

` (CCS) J

- 02M3
Cobinet Radio
I/O Block I1 Cabin Emerpeney
---- ~ -- ~ 14A2 Stop

CES ~r 04F

~ ~

Cabin Normal
; 1482 StopZ

~ i CNS ~F O6~ L
~ ~
i i
~ ~

Cabin Up
; 14D2 Command3

CuC of o7u
i
~ i
~ i
~ ~
i i Cabin Dawn
~ ' 74E2

~
Command

4
i CDN ~F 07V~ i

i i
~ ~

~

Cabin Ooors

~ 
1gGt Closed

5

Track Brake
~ ~ 74H1
~

Position
6 ~

~ ~ TBP ~F 08D
~ i

Cabin Door
14K2 Open

~'
i CDJ ~f 07~

i i
i i

~

i i
' ~ 08A1i i
i ~

e ~ ~a2v~~

=-------: soon
Cabinet Radio

I/O Block M2 Cabin Control
i ---- ~ -'- ; 14N7 Power OK

CPO ~f 08~ ~

i i
i i

Cabin Charger
~ i 14P2 ConnectedZ
~ ~ CCN ~F 07L
i i
i i
i i

~

i i

~ 14R2
DOC-1

~ 3
i

i i
1

[10 V]

~asz occ-~

~ ~~

1' ~1oX~
fnZl

; ~au2 i K n5
~ ~
i i
i i

02Y1

i i

~ i Open Cabin
; 14 V2 Door6

~ ~ OCD ~f OSP
i , ~

~ i Close Cabin

~ 14X2 Door~
CCD ~F O5~ ~

~ i

i

* —

Track Rope
~ ~qy~ Safety Switch Position

B TRS ~F 17A`--- 
----' #

Pacoima Tram Radio ~Wg: s.2so.~~~ by: s~A Date:l/3/00
of America, Inc.

2510 Foresight c~«~~ Los Angeles, CA. Communicatio n.s
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WSRt

02Y1 100 3W i5A1

A

B

~ Wlnd ,

15C1

~ 15C2

E

F

G
Wind Speed gp 

0201

15G1

H
15H1

J

K

Wind Speed i3 ~Z~~L
~s~i

M
15M1

N

P 15A1 DH4-2 15P1

~OSF]

D

R

S

T

U

V

W

X

Y

iZ

WSZ1
0201

Interface Module

W511M
DH7.1

15Bt~ 1582
~ 3 r12V sans

~ 4 OV ~ dose) NRG Anemometer
60 F{z .102 mph

~ 6 tout WS1C

^

470A
vzw 1,

4V-100 mph Z~
OH7.22

.0 5 •out sans
15E2

15E1
~OSB)

Interface Module

W521M

15F7 
DHB•1

15F2
.0 3 r12V sans

~ 4 OV ~ (OSC]
NqG Anemometer
60 Hz 102 mph

~ s .our ws~c
~

470 n
v2w ti

4V.f00 mph
2µF

~ 5 -aut sans 
Z

DHB-2
~5~2

15J1
~OSCJ .

Interface Module

WS31M

15K1 
DHB•3

~SK2
~ 3 .12V sans

.0 4 OV ~ [05C]
NRG Anemometer
80 Hz .702 mph

~ s .our ws~c
~•

ago n
~izw ti

I4V.100 mph
ZµF

Z

~ 5 -out sans

DH8-4
~SN2

15N1
~OSC]

Wind Direction

Vane N1

/~ i5P2
DH9.1 0201

15R1 
DH9~

Wind Direction 
~05E]

Vane N2

15U1 
DH9~

Wind Dliection 
[OSEj

Vane A3
n

~05Ej

Wind direction N1

Wind Direction t2

Wind Direction X13
15X1 DH9-415X2

~~O5E]

Pacoima Tram Wind Stations Dwg: 5.290.171 by: SLA Date:1/3/00
~~ o! America. Inc. ~+A

2510 Foresight Circle L~.S Angeles V/1.
Grand function, CO. BISGS file: pacoima.gcd rev' page 15 of 18



13Pt

Vin

13D2

24I12VDC Converter

Vout

(CCS~

1fiT1

-

~14A~~13S~~13U]

Tram Cabin Radlo

DCin

~cCS)

Coax

To Antenna
Mounted On

Cabin

A

B

C

D

E

F

G

H

J

K

L

M

N

P

D

R

S

T

~

V

W

X

Y

Z

~~ of Amcriu, Inc.
:5~o Fo,~,;8n~ c;~~~~

c~.~e ~~~«~o~. co. e~sos

Pacoima Tram .

Los Angeles, CA.

Cabin Radio

Power .Supply

oWg:.szeo.i» by: SLA ~ Date: 1/3(00

file: pacoima.gcd rev: page 16 0( 18



02Yi

TRS-1 »~~

Slot 6 16 Inputs

~ 00 Traek Rope
A , Satetr Swllch

[14YI ; PosHion
i

g
03P1

of
i Reset

i
i

C

GOFLUx ~~p~

i
02

~ _ ~ GB 011 Flow
p , Pump Contactor

(10K) i OfllTripped
i

E
Electric Mator ~i 

03Coupled ~~E~ ~ Electric Motor

i Coupled
i

F

DH10-7 17G1

Return Doekinp Sensor

— 17G2
B ^~` K

DH10.2

i

17G3 ~ 04 Return Dackinp
G ~ ~ ~ , sensor

~OSFj ~ i

BC ~~' Orive Docking Sensor

~05F~ i

iH — 420t —
' OS

B ' ̀ K
~ ~

17H1 i Drive Docking

~ Sensor

J ~ ~
`B~

i

'
'B'Pulse

B ~~~ ~~K

02Q~

17K1 i~, ~B' Pulse
K

~ ~

_

`B~ '~/ VIGI 100~ o2oi ~------------------------~ o~
~ 4 6 ~ »~~ i Haul Rope

~ Ground Sensor

M
~ ~

'
i

~
2 7 8 b 3

~
; oe

N ~- ----- ------ --~ ~~- -- 17N3
"Y' ~~X~

To Haul Rope
Bullwheel Brushes

P oz0i ~ oy
~ Return Towari

~ 04P4

f,

~ E-Stop
~ VIGI 100 YLr ______ WH i

Reset i ~
i i '

~
' 10i

R
~t1XJ .--------'

nS

~~
T

12

i~
i
i
i
i

13V

~~
W ~

i-

i~ 14

X

~q~Z

i~
i
i
i
i
~ 15
~ /1 Radio Check
;~_ i

Input 12
i

Y

Z

Pacoima Tram Pi.0 Slot 6 16 Inputs Dwg: 5.290.171 by: sin Date:l/3/00

°r "°"` "̀, ~°`1510 Foresight Circle Los An eles,9 CA. 00-15
file: pacoima.gcd rev: page 17 of 18c~,~a J~~~~~o~, co. e~sos

~--



,~



Section 16

ELECTRICAL SYSTEM
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ELECTRICAL SCHEMATICS



Bottom Drive Tram
35 HP @ 1750 RPM

400 FPM

Lift Installation 1999

Pacoima Tram
Loy Ang►ele~, CA

Electrical Schematics
Dwg. 5.290.171 January 3, 2000

pg. Description

Cover

II Notes and Symbol Definitions

III PLC Rack and I/O Layout

IV Comm Line Wire Assignments

V' Power Onelines

VI Airconditioner Programing

01 DC Drive Connections

02 24 VDC Battery Charger and Cabinet Equipment

03 Reset Relay, Control Volt Setpoint Meter, Signal, Bells

04 Emergency Stop Relays/Phones/Operator Interface

05 Lightning Protection Relays, Phones, Operator Inleriace

O6 PLC Slot 1 Inputs 00-15

07 PLC Slot 1 - Inputs 16-31

08 PLC Slot 2 - Inputs 00-15

09 PLC Slol 2 - Inputs 16-31

10 PLC Slot 3 •Transistor Outputs

11 PLC Slot 4 -Relay Outputs

12 PLC Slot 5 - Analog Inputs/Outputs

13 Cabin Power, Door Motor

14 Radio Communication

15 Wind Stations

16 Cabin Radio Power Supply

17 PLC Slot 6 - Inputs 00-15

18 Cabin Door Controls

page I of VI



~~ NC Maintained Relay Coil
Push Button

~~ NC Puah Bullon of et Contactor Cail w/

e3~

Convertor

e2 ~ a2

O O NO Push Button

n ~ n NC Selector

~i~

li~ 3 Pole Contactor w/
Switch ~ Magnetic 8 Thermal

li~~~ Protettian

O O NO Selector
Swlich

i i 
,•~

~~
~ ~ NO Switch Contact

i~
~~ ~43~`~ NC Proximity Switch
~.\ ~.' Block Type Sensor

.`Q i'

p n NC Switch Contact
i',~~

~6 SPST Toggle Switch

~~ 
.~.

~~ Q ~~
.~~

NO Proximity Switch
Block Type Sensor

. ` ~, i

O
DPDT Toggle Switch

wH
ex eK Haul Cahle Proximity

Q~ NC Limit Switch e~ Switch w/ program leg

2 O
` ̀V

NO Limit Switch / \v Solenoid

NC Pressure Switch O Meter

~

..~

NO Pressure Switch ~ PLC Input DC Sinking

NC Thermal Switch ~► PLC Output DC Sourcing

PlC Output Isolated
~
.J _ O

S`
r

NO Thermal Switch y"T"Relay Contact

\ /
NC Float Switch O

/ \

Panel Lamp

NO Fldat Switch ~ Panel LED

Terminal Block
B~{'~~ `~ ~K
~~ ~

Barrel Type
Prox Sensor

~ ~-8 ~ for dedicated common '~ ~
connection. ~. ~ .'

BC"

O O

O ~ O

O O

O ~ O

O ~ O
~1
O O

q q

• •

• •

• •

• •

• •

•

•

•

Notes:

1. All diodes 1N4004 or 1N4007 unless otherwise noted.
2. Blue wire indicates +24 VDC control circuits.
3. Red/White wire indicates 120!240 VAC circuits.
4. Black wire indicates 4B0 VAC or over 50 VDC circuits.
5. Wire numbers are given in the format PPRC where
PP refers to -the page number, R refers to the row and C relers to the column.

6. Characters appearing in parentheses refer to a physical location cross reference.
e.g. (DIC) would indicate the component is located at the Drive Inside Control desk.

It a component does net have a physical location cross-reference, it is located in
the MCC (main control cabinet).

7. Characters appearing in square brackets refer to a dra wing cross reference. e.g. - [11AJ
indicates the component also has connections appearing on page 11, row A.

8. This drawing and its design are proprietary to Poma of America, Inc. Use of this design,
or copying this drawing without permission from Poma is prohibited.

iP Cireuit Breaker ~ L— NO Relay Contact
w1 Magnetic end ~
Thermal Trlp

2P Circuit Breaker
~! NC Relay Contact

w/ Magnetic and
Thermal Trip

~_ Diode

3P Circuit Breaker
w/ Magnetic and _~~ Resistor
Thermal Trip

Potentiometer

Fused Terminal n Capacitor
81ock

. _~
2P Fuse Battery

T

3P Fuse ~ Reelilier

Duel Voltage Q Key Symbol
Transformer

0 Terminal 81oek

Conned Dat

Single Voltage Earth Ground
Transformer

Station Protector
(Gas Dlacharpe Tube)

Horn/Alarm

Canon Plug Connection

MCC -Main Control Cabinet

ROJ •Return Outside Controls

DOJ -Drive Outside Controls

CCS •Cabin Control Station

TJB Tension J•Boz

Pacoima Tram Notes and Dwg: 5.290.171 by: SLA Date:l/3/00
of Ameria, Inc.

1510 Foresiah~ Circle SOS Angeles, CA. Drawing Symbols 
Eile: acoima. cd rev: a e II of VIGrand Junction, CO. 91505 ~ P J p g



Slot 1 32 Inputa Address I:t/0.31

00 Drlve Cabinet Emerpeney Stop

Drive Outside Station Emergency Sto
Cabin E-Stop

Evac Engine E-Stop

Return Station E•Stop

Drive Cabinet N-Stop

Drive Outside Station N-Stop
Cabin N-Stop

Return Station N-Stop
Return Slatlon Up Command
Return Slalion Down Command
Return Station Entry Gate Closed
Return Slatfan End of Travel

Return Station Terminal Entry

Ca61e Taeh Loss

Ca61e Tach Overspeed15

Slot 2 (continued)

16 Oriva Terminal Salety Switches
Tower 1 Salety Switches
Tower 2 Solely Switches
Reiurn Terminal Salety Switches
Emergency Brake Position

Service Brake Position

Brake System Low Hydraulic Pressure
EB Loekoul Valve

SB Lockout Valve
Track Rope Tension Overtravel Limit
Track Rope Tension Undertrevel Limit
Haul/crack Rope Tension Low Pressure
HauNTraek Rope Tension High Pressure
Haul Rope Tension Overtravel Limit
Haul Rope Tension Undertrevel limit
Close Cabin Door31

Slot 5 2 Channel Analog Input/Output

CHO In Cable Speed
CH1 In Speed Reference In

CHO Out Speed Helerence Out
CH1 Oul

PLC Annunciator

Slot t (continued)

16 Main Contactor Cheek

E-Stop Relay Chxk

PLC E-Stop Check

DC Drive Prool of Torque
DC Drive Fault

DC Motor Overtemp
Cabin Daor Open

Cabin Battery Charger Connected
Drive Saleliea Bypass
Cable Distance Pulse Swileh

Drive Up Command

Drive Down Command
Cabin Up Command
Cabin Down Command
Drive Station End of Travel

Drive Station Terminal Entry37

Slot 3 16 Outputs Address 0:3/0-15

00 Starting Alarm Signal

Start Relay
Hour Meter

Hydraulic Blake Pump ON

Hydraulic Tension Pump ON
Hydraulic Service Brake Pump
Gearbox Oil Flow

Reset Relay

Drive Guide Sheave Safety Line Cheek
Tower t Salety Line Cheek
Tower 2 Safety Line Cheek
Return Guide Sheave Safety Line Check
UP Relay
Cabin Door Open Command
Cabin Door Close Commend
RaEio Communication Cheek15

Slot 6 16 Outputs Address I:6/0-15

00

15

Track Rope Safety Switch Position
Reset
Gearbox Oil Flow Pump Cntctr Check ~
Electric Motor Cauplad
Return Docking Sensor
Drive Docking Sensor
'B' Pulses
Haul Rope Ground Sensor

Return Tower E-Stop

Slot 2 32 Inputs Address L•2/0-31

00 Radio Communications OK
Cabin Door Closed
Track gape Brake Position
Servfca Brake Contactor
Cabin Battery Yaltape OK
Drive Entry Gate Closed
Control Voltage OK

Electric Mode Selected
Evae Mode Selected
Hydraulic Brake Pump 0111Tripped
Hydraulic Tension Pump ON/Tripped
Evac NyOraulic Pump Stroke
Evac Engine Throttle
Evae Low Oil Pressure

Open Cabin Door15

Slot 4 B Isolated Relay Address 0:4!0.7

00

07

Emergency Brake Solenoid
Service Brake Solenoid
Evae Fuei Shutolf

PLC Emergency Stop
DC Drive Regulator Blocking
Trip Counter

VIGI 100

`o

m

`0
m
2 ~

~
— d

m
m c

d 6 d
C
~O ... N ~

C
~ p ~

c F- 4 °~ no

~n n n fO O m O

U A

n+ 6 1O

Pacoima Tram PLC Rack and Dwg: 5.290.171 by: spa Date:1/3/00
~~ o! America, Inc.

2510 Forreigh~ c~.~~~ Los Angeles, CA. I/O La outc~a~a Junction, CO. BI505 Y file: paeoima.ged rep: page III of VI



ROS Emergency Stop
BL 04L2 O ~
WH 04L7 O° OO

+24 VDC OR 06N2 O O
Normal Stap WH D6N~ O O
Up Command GR O6P1 O O

Down Command WH 06R1 O O
+24 VDC BR O6S2 O O

Gale Position WH O6S3 O O
End of Travel SL O6U1 O O

Return Terminal Entry WH O6V1 O O

Phone
BL 04 W2 °O O
RD 04Y2 O° O

Start Bell OR 03H9 ° O
Wind Direction +24 V RD 15pt o O

GR 03C2 Q ~
OOSignal RD 0381 O

BR 03C3 O O
Return Terminal Entry (•) RD O6 W1 O O

Tawar 1 Brittle Bars
~ ORD 10P3
OTower 2 Brittle Bars

BL tOR2 O OO
BK tOR3 a ~

Return Terminal Guide Sheave Brittle Bars
O OBK fOS3

~° O

Wind Speed Anemometer /1
O OBK 15E2
OWind Speed Anemometer A2

BR 15F2 O OO
BK 15J2 O O

Wind Speed Anemometer p3
SL 15K2 ° O
BK 15N2 O O

Wind Direction 0 Volt BL 15P2 O O
Wind Direction f1 YL 1581 Q° O
Wind Direction N2 OR 75Ut O O
Wind Direction N3 YL 75X1 O O

Open Cabin Doar GR OSP1 O O

Closed Cabin Door YL OSU1 O O

BR
O°OYL

O° OO

Return Doeking Sensor
SL 1761 O° OY~ 17G2

0° O
Return Tower E-Stop

BL 04P~ o O

VL 04P2 O° O

OR O OO

VL o ~

GR
O° OO

VL O° O

BR
~ OVL
O O

Pacoima Tram Comm Line ~Wg: 5.2so.n~ by: SLA Date:1/3/00
of America, Inc.

~~ 7510 Fareeigh~ c~«~~ Los Angeles, CA. Wire Assignments
~r~nd ~~ncuon, C0 61507 file: pacaima.gcd rev: page IV of VI



Drive Station Electrical Power Oneline

100 A 3P - Transfer

SCE 4B0 VAC /~ Line 
Switch

~ BOA 3P 80 A 
DC DriveDelta Configuration 

Service Pofe~ Of( ~ '~

Genset

6A3P

Generator 480 VAC ~~C
Delta Configuration

Battery Charger

Battery Charger

~ 20 A
Air Conditioner ~6 A 2P
~~\

Cabinet Lights 4 A 1P
~~ 5 KVA

~ ~--0 480 prl.

Outside Lights 16 A 2P 2401120 sec.

15 A

~GE DC Molar L409AT
35 HP req'd•50 HP supplied
60 ADC (running)
75 ADC (startup)
500 VDC' at 1750 rpm

Tension Pump
~ q Valve Solenoid

If

250 VA
480 pri.
120 sec. Tension Pump

5 A 3P Gear Box Oil
Pump

/~ O

10 A 3P Field Supply

Pacoima Tram Power Dwg: 5.290.171 by: SLA Date:1/3/00
pmt ~ of America, Inc.
~~ 2510 Foresight Circle Los Angeles, CA. Onelines

Grand Jun[lian, co. eisos file: pacoima.gcd rev: page V of VI



Description ~ Degree Time

P1 Cooling ON 85°

P2 Cooling OFF 70°

P3 Heat OFF 50°

P4 Heat ON 3p°

P9 Over Temperature Alarm 110'

P10 Under Temperature Alarm 32°

P11 Campressure Recycle Time Delay 60 sec

P12 Over Temperature Alarm Delay 05 sec

P13 Under Temperature Alarm Delay 05 sec

Pacoima Tram Airco~nditiorier Dwg: 5.290.171 by: SLA Dates 1/3/00
of America, Ins.

2510 Foresight c~~~~~ Los Angeles, GA. Programing
c~~„a ~~~«~o~, co. eisos file: paCOima.gcd *ev: page. VI of VI
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GE DC IAotor

BOA i
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F1Ab,C M1.1,2,3

DC Drive
CD328AT
50 HP

i i 01A1 OtA2~
~~

1750 RPM_-0
~ i
~1 i 0181

~
~ 0182

A

V1 C1

I~)

OtA3
FZp 520 VDC

01A4~1 OtC1 ~ 01C2

B

W~

Gould—~ ~ _
Incominp 4B0 VAC ;

3 /Power ~
Gauld ~01Lj
80X60

80X60

C
F2B

~
~02A]

02A3 
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(-)

01C3 01C4

D
X99:1

(03LJ Electronics i
Power i X7:2
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OtE2

•~
e3 - -
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028. 01E1

~~~
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-------'
02Q1 Field Supply

~oi~~
F ~A ~A Solenoid

01G1 01G2
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O1H1

X2:1--
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--X2:4
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02Y1

oica~

H
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--------

X2:J

-----

(OtN]

~ i
OtJt

i
--------
XLt

-----
X1:5

— O7J2

t DC Motor

i ,
li~

Field Supply Fields

K i i 01K1
X1:7 X1:3

O1K2

Tension Pump 
~10G~

(Tension J-Box) DC Drive
~o~E]

0283

--------
-------'

---I'~
-----

~ Contactor MEt-7
X96:1

02A4

GOF Mt
01L1 01L2

X96:2

M GOF i ~01B~(01Tf
(11K) -------------

i
01G6

X6:7

N '
Drive Fans

~10K)
OtP2

xd~4
+tOV

P ~~P~ 

Speed Adj.

~~ZK~ 5

0101

K~

ST ~ 012 X4:2
~ ~120j

Speed Rel.

~10B~

R sr•i
[108

S [12R~ 
O1S1

X4:6
03P7

02Y7 M1~4 0171

OV X6:6

_Tech Encoder

T
X6:3

x5:~
0172 ~i , i A

~ou~

~OtU2l

0173 i ~
0:714 ME1-2 X5:2

i A

U
07U1
~~~ X6:7

I /
DCDRB 

~~~K~~flN~ X6:8
X5:3

OtU3
~ ' ~ B
i i ~

V X5:4
01U4 ~ ' ~

~ ~ ~ B

X6:5

X5:7
01W1

~ ' ~
~~
' ~ ' com

W X6:2 ~ i

~Z~~ X6:10 X5:8 ~~WZ
i i
' ~ ' Vcc
~; ~ (0.15V)

X X7:B
X5:9

01Y1 i , ~

07G1
X7'4

X5:10
01Y2

~ ' ~
~ ~ ~
~ ~ ~

Y
~ O7E1
, X7:6

\~ ~
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PE OtZt

j

Pacoima Tram DC Drive Connections pWg: s.2eo.»i by: 5LA Oate:l/3/00
~~ of Amend, fnr.

2510 Foresight Circle Los Angeles, CA.
Grind junc~ian, CO. 81505 file: p8C0if~d.gCd rev: page Ol of 18





Section 18

METRIC SYSTE M
CONVERSION TABLE



'Metric System Conversion T'' le
Our goal: ,yelp make the metric sys~m easy to understa,.,. for daily use.

Conversion °C to °F Conversion °F to °C EXACT EQUIVALENCES
D
E ~ Subtract 2 ~ Subtract 30 1 square inch = 6.452 square centimeters
G ~ Multiply by 2 ~ Divide by 2 1 square foot = 0.093 square meter
R ~ Add 30 ~ Add 2 1 square yard = 0.836 square meterE _ 1 acre = 0.405 hectare •
E Example: 27°C 27-2=25 Example: 80°F 80-30=50 1 square mile = 259.0 hectare
S 25x2 = 50 50+ 2 = 25 1 square mile = 2.590 square kilometers

50+30=80°F 25+2=27°C
1 square centimeter = 0.155 square inch
1 square meter = 10.76 square feet

1 yard 1 meterr 1 square meter = 1.196 square yard

~ ~ 3 feet ~ r 1 meter (10 cm x 10) , 1 hectare = 2.471 acres

4 inches ~.~ ~~10 cm 1 square kilometer = 0.386 square mile

1 inch H H 2.5 cm

1 hectare = 1000 square meters

1 kilometer 116001 metersmile _ ~ .6

0.60 mile _~ 1 kilometer

EXACT EQUIVALENCES
D Quick conversion miles to kilometers

• Take the figure of tens IMPERIAL METRIC
S • Multiply by 6 1 inch = 2.540 centimeters
T • Add to number of miles to convert 1 foot = 0.3048 meter
A Example: 1 yard = 0.9144 meter
N 90 miles 9x6 = 54 1 rod = 5.029 meters
C 90+54 = 144 km 1 mile = 1.609 kilometers
E 110 miles 11x6 = 66
S 110+66 = 176 km METRIC IMPERIAL

1 centimeter = 0.3937 inch
Quick conversion kilometer to miles 1 decimeter = 0.3281 foot
• Divide kilometers by 3 1 meter = (3.281 feet►
• Multiply by 2 1 meter = 1.094 yard
Example: 1 decameter = 10.94 yards

96 kms 96=3 = 32 1 kilometer = 0.6214 mile
32x2 = 64 miles

IMPERIAL
F U Kilograms as a force (weight unit -not exactly correct ~ pin# = 0.568 liter
0 N 1 Tonne = 1000 kg really a mass unit) 1 quart = 1.137 liter
R I 1 Kg = 2.205 Ibs. 1 gallon = 4.546 liters
C T Deca Newtons as a force -this is the true metric force 1 bushel = 36.369 liters
E S 1 DaN = 2.248 Ibs 1 liter = 0.880 quart

therefore 1 DaN = 1.0196 k 1 liter = 0.220 gallons
1 liter = 2.750 bushels

p ~
R N
E ~

U.S.
S T 1 bar = 1 DaN / cmZ = 14.5 Ibs / inZ 1 pint (U.S.) = 0.473 liter
S S 1 quart (U.S.) = 0.946 liter~ 1 gallon (U.S.) = 3.785 litersR 1 barrel (U.S.) = 158.98 liters
E.

1 ounce Iavoir) = 28.350 gramsS U
T N 1 pound (avoiri = 453.592 grams
R I Ibs / in2 1422.58 = kg / mm2 1 ton (short) = 0.907 tonne'
E T 1 ton (long) = 1.016 tonne'
S S
g 1 gram = 0.035 ounce (avoir)

1 kilogram = 2.205 pounds (avoir)W Quick conversion: Ibs. to kilograms kilograms to Ibs.
E • Divide by 2 • Multiply by 2 1 tonne = 1.102

• Subtract 10°r6 • Add 10% 1 ton (short) = 1
G Example: 180 Ibs. Example: 120 kilograms 1 tonne = 0.984 ton (long)
H 180+2 = 90 kg 120x2 = 240 kg short ton. or USA ton
T 90-10% = 90-9 = 81 k9 240 + 10 % = 240+ 24 = 264 Ib. long ton or U K ton ` 1 tonne = 1000 ilograms
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6 1 HYORAIlIC ACCtM1ATOR, ENERPAC MA-510 5300355
5 1 1/4' BALL YALVE, STAUFF BBV20040001M 5300339
4 1 CUSTOM MANIF0.0

3 I PRESSLRE GLIAGE, LENZ 0-6000 PSI BAC-6M-ZS 5300232
2 I S~ENOIO YALVE, HAUTE GS 2-0 1100576

HAND PLl~, BRA1~ HP-22 SA 50 5300356
[riOEx RED'0 OESCRIPiI~I MarIJF. PaRT NIMBER PU~Ia PART W~1BER

1
- _ _ _ _ _ _ _ _

ADOEO 1/4' BALL VALVE

__

01.W.49

__
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nE OA1E:

Z
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BILL OF MgTEP,IAL COMP II POMA 1995
ITEM ~Tr DESCRIPTIpN

1 30 OP. 60 GALLON RESERVOIR
c I 2AN-13-07 HAYES COUPLING
3 1 1960 VE$COR PuMPiMOTpR ADAPTOR
4 1 100-004 Bbr GATE VALVE
5 I MPS-501-RG1/CSG50-PIOA/[]-20 MPS

RETURN LINE FILTER W/INOICATpR
6 I HP-61-DA-TL BRAND HAND PUMP
7 1 AORM205 AMERICAN INDUSTRIAL HEAT EXCHANGER8 I D0282-0.2N STERL NG CHE K VALVE
9 1 BBV-200 -000I STAUFF 1/2" BALL VALVE
10 ] GS020600NiC 5-115-0 S ERLING SOLENOID VALVE

IISVAC SOLENOID 8 5100-1090000 CONNECTOR
11 I ASB020TN/7[1125 STERLING RELI F VALVE
12 1 PV6-2LIC-C00-SP1075 OEN SOIJ LIMP
13 1 T I CUSTOM MANIFpLD_ ______
iA 1 BIT-H32 BARKSDALE RES LIRE SWITCH
IS 1 BAC-3M-25 LENS 3000 PS] PP.ESSURE GaUGE
16 1 BBV-200B-000IM SIAUFF BALL VALVE17 1 130326 LEESO~~ ELECTP,IC MOTOR 3HPi

230~460i3%1827[ WITH 16N72B-LP HpFFMAN ENCL
IB 1 1F,-IUD-3 STAUFF SL1CT]pN STRAINER

b

r

14
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Cl1ST~MER CONNECTION
-6 MJIC CASE DRAIN

23

CUSTOMER CONNECTION
t 2X l -12 MJIC

~~~ 39

~ 29, 31

32, 33,34, 35

3,4,5,6,7,8,9

f6,11, fib, t3, ~
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N~FaCTl1RER PART Nl1M8ER OESCRIPTIDN
NA Reservoir : Integra I to Conp I I

uff SS-120-3-100 Suction Strainer: 1 I/4' NPT 23 GPM 100 Mesh
ler CH256/SPEC 68501 Engine: Gasoline, 25 hp, Extended Frant Shoftler 24-189-01 ~ Adopter: Spork Arresting
ler 24-786-11 Muffler; Exhoust
er 52-755-79 ~ innk ; Gaso I i ne 6.6 Ga I I on
ler 24-584-1I_ Igai~ian-Ma~ul~; €f►gifle_
'er 52-704-01 ail Sentry; Instolled
er 24-755-OB Front Shaft: Generator Takeoff
Auto Elec WAI24-1104 Pulley: Generator Tnkoff
Auto Elec WAI24-1109 Pulley: Generator Takoff
Auto Elec I10-462 Alternuter: 24 VDC, 35 A

4L280 ~ Be I t: A I ternater V Groove FHP Be I t
T-13790-DI Guard; Belt b Pul ley
T-13790-Q2 Frone~ork: Custon Weldnent

n 70142-RFCi/PPV124 Punp; Manual Stroke, Closed Loop, Integral Charge Punpf f BBV-2004-0001 M Valve : Bypass, Manua l
ling ~ ABBO60ZN Vnive: Hot ail Shuttle Relief, Cartridge
ling K3A125200N Valve: Hot Dil Shuttle, Cartridge
ling L810-248A Line Body: Hot ail Shuttle, Anodized Rluninun

BAC-SM-25 Gouge: 0-50D0 PSI Gouge -Motor Loop
Hydraulics HB-05075410 Motor. Hydraulic 5.4 in3/rev, I I/I6 - 12 ports, I i/4 Keyed Shaftoduc is CSG7D-P l 0A Return F i I ter, 10 M i iron Spin-on F i I ter, MP

oducts MPS-050-RG2 / 5300251 3/4' NPT Fi Iter Heod, MP
oducts CI-20 Indicator, MP
.an IndustriAOMF-4-SRE-24 Heat Exchanger SAE 24 VDC
A E I ectr i s 8402-120 Tenperature Switch

150-0110 Hond Lever/Punp stroker control

CAA 174MTG3 Cob I e : Punp Stroking, 74.5' I ong
~d RC3-0875-250 Reulond Coupling Hulf
id RC3-1437-375 Reul and Coup I i n~ Ha I f
~d ~Ci~-H~ keuland Insert Hytrel

VEM-700-70-2A Vescor Adopter

ip T8~ Fittings
to Elegy WRITS-lOD Fon

CWCA-LHN-XPJ Va I ve: Counter-Bo I I once

i~ ~ ~~~~ ~ ~~ ,
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12. Wiring Diagrams

GENERAL

This section consists of the schematic and connec-
tion wiring diagrams referenced in the text. The fol-
lowing drawings are included.

PCC Control

• Page 12-2 — Customer Connections Diagram
(PCC)

• Page 12-3 -Accessory 1n~erconnec~ Diagram
(PCC)

12-1

Detector Control

• Page 12-4 — Customer Connections at the En-
gine Monitor Board (Detector Control)

• Page 12-5 —Customer Connections at the Aux-
iliary Relay Board (Detector Control)

• Page 12-6 — Accessory Interconnect Diagram
(Detector Control)

Seatip~l Cori#rte

• Page 12-7 — DC Wiring (Sentinel)



THIS IS A REPRESENTATIVE (GENERIC)
SCHEMATIC/WIRING DIAGRAM. FOR
TROUBLESHOOTING, REFER TO-THE
WIRING DIAGRAM PACKAGE THAT WAS
INCLUDED WITH YOUR GENSET.

NOTES:

~I Rpply a ground to activate input (less than SOmA).

Q2A E 30V➢C relay contacts. This relay picks up with any warning or shutdown
Q3 SA @ 30VDC relay contacts. This relay picks up to open breaker shunt trip in

single mode.

Q4 Refer to Onan 900-0366 Power Command Network G Operation Manual.

QS IR C 3DV➢C relay contacts. These relays pick up on the given fault.

Q6 120VAC or 240VAC E 50 Watts.

Q7 2A B 30VOC relay contacts. This relay picks up when generator AC voltage and
frequency exceed 90i of nominal.

QB 2A l~ 30VDC relay contacts. This relay picks up if a overload or
underfrequency condition continues for more than 5 seconds.

NO. 612-6658 sh 3
REV.
MODIFIED 4/20!94

CUSTOMER CONNECTIONS DIAGRAM (PCC)

12-2



CUSTOMER TERMINAL BLOCK (SINGLE)

P12-1

P12-2

P12-3

P12-4

A34—P]-13

A34—P1-7

A34—P2-10

A34—P2-9

A34—P2-11

A34—P2-4

A34—P~-3

P12-5

P12-6

P12-7(RED)

P12-8(HLACK)

A34—P1-9

A34—P1-12

A34—PY-6

A34—PI-16

A34—P1-2

' A34—P1-10

A34—P1-5

~ A34—P3-2

~ I~ A34—P3-10

A34—P3-11

A34—P3-12

~ A34—.P3-16

~ A34—P3-17

~ A34—P3-1B

~ I~ A34—P3-21

A34—P1-19

~ A34—P1-20

A34—P3-19

A34—P1-18

A40—P12-9

CONT HTR 2

A34—P2-14

A39—P2-13

A34—P2—i2

— B+(l0A FUSED)

— SWITCHED B+(l0A FUSED)

— GROUND

— GROUND

— REMOTE START Q

— REMOTE EMERGENCY STOP

— (Ni0)•

— (COM )
COMMON /~
ALA4~M !~

— (NiC)

— (N/0 ) BREAKER

— (N/0)

Q
CONTROL 3

— NET POWER(+)

— NET POWER(—)

4

Q

— NET DATA 1

— NET DATA ~

— CUSTOMER FAULT 1

— CUSTOMER FAULT 2

— CUSTOMER FAULT 3

— CUSTOMER FAULT 4 Qi

— FAULT RESET

— ENGINE IDLE

— LOW FUEL

— NOT ON AUTO

— PRE—HIGH ENGINE TEMP

— HIGH ENGINE TEMP

— OVERSPEED

— OVERCRANK

— LOW ENGINE TEMP
REMOTE

ANNUNCIATOR

= LOW FUEL

— LOW COOLANT

— PRE—LOW AIL PRESSURE

— LOW OIL PRE55URE

COMMON

— RETURN

— RUPTURE BASIN

38 38 (Ni0) READY TO LOADQ

39 39 (Ni0) LOAD DUMP Qe

40 40 COMMON

CONTROL s
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ONAN/CUMMINS GENERATOR
~~-T WTTN Pr.r. rnNTRni

g+ (ZOA FUSE1
SWITCH B* (IOA FUSE)

GROUND
Gi70UND

REMOTE START
REMOTE EMERGENCY STOP

COMMON 
(N/0)

ALARM (COMMON)
(N/C)

BREAKER (N/0)
CONTROL (N/0)
NET POWER (+)
NET POWER (-)

NET DATA I
NET DATA 2

CUSTOMER FAULT I
CUSTOMER FAULT 2
CUSTOMER- FAULT 3
CUSTOMER FAULT 4

FAULT RESET
ENGINE IDLE

LOW FUEL
NOT ON AUTO

PRE-HIGH ENGINE TEMP
HIGH ENGINE TEMP

OVERSPEED
OVERCRANK

LOW ENGINE TEMP
LON FUEL

LOW COOLANT
PRE-LOW OIL PRESSURE

LOW OIL PRESSURE
COMMON
RETURN

RUPTURE BASIN
CONT HTR I
CONT HTR 2

(N/01 READY TO LOAD
(N/01 LOAD DUMP

COMMON
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TBI
INTERCONNECTION BOX

I
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I
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3
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- CONTROL HEATER

(OPT1
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35
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36
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40 40

RUN ~2
SEE NOTE 2

ANNUNCIATOR
TBI 300-4510-XX

24VUC SELECT ONE
2 12VDC
3 GND
4 GEN RUMIING
5 UTILITY DN
6 EPS LOADED
7 PRE-LOP
8 LOP
9 PRE-HET
10 HET
II LET
12 OVERSPEED
13 OVERCRANK
14 NOT IN AUTO
15 CHARGER MALFUNCTION
16 LOW FUEL
17 CUSTDMER FAULT
ra
.9
20

21 CONNECTION

TB2

~ NO
2 ] CONNECTION
3
4 LOW COOLANT
5 CUSTOMER FAULT 2
6 CUSTOMER FAULT 3

-3
-2

AUDIBLE
ALARM
(NHEN USED)

REMOTE
EI~£RGENCY
$~BPSMET£ii
(WHEN USED) T

~L'\"~/_11:1

SPLICE BY INSTALLER

RUN M2
SEE NOTE 2

ACCESSORY INTERCONNECT DIAGRAM (PCC)
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OT E
UTIL

MOUNTED IN OT/BT CABI

souRCE i ~ c ii
AVAILABLE 

NC 12SIGNAL
NO 13

TEST/ C 14
EXERCISE NC 15SIGNAL

Z NO 16

o ELEVATOR ~ C 17
~ TRANSFER NC 18o SIGNAL

NO 19

in ~ SOURCE 2 C 20

r ~ 
SIGNALBLE 

NC 21

Z f ~ NO 22

W ,i GENSET r C 23
START ~ ~

M SrGH7iL
N N r10 25,

~ 26

~ 27w

~ OPTIONAL 
28

j LOAD SHED LOAD 29
v INPUT SHED 30

AC ~ C 41
LINE

-~ FAILURE N~ 4z

~o NO 43

HI C 4d
BATTERYv o yOLTAGE NC 45

~N NO 46

~~ LOW C 47
BATTERY ~NC 4Bm < VOLTAGE

NO 49

50

NO7E~
T83 IS OPTIONAL AND
IS ONLY PRDYIDED WHEN
NEEDED FOR INSTALLED
OPTIONS

RUN ~~
SEE NOTE

ANNUNCIATOR
300-2751

24VDC SELECT ONE
12VDC
GNP
GEN RUNNING
UTILITY ON
EPS LOADED
PRE-LOP
LOP
PRE-HET
HET
LET
OVERSPEE~
OVERCRANK
NOT IN AUTO
CHARGER MALFUNCTION
LOW FUEL
SPARE

NO
CONNECTION



2 WIRE START
TO GENSET

REAR WALL OF CABINET

TRANSFER SWITCH
TBI

~ I-4
~
2

N~+INORMAL
N,. I AUXILIARY

~ ~, I SWITCH
3 J

~ 4

- 5

~
-5

6 NuIEMERGENCY
~ ~ AUXILIARY .

SWITCH

i
_e __

TB2
GND

~ I-3 2
SEE NOTE 8

3 e+
~ ~ 4 RMT
~ -.2 .5

DO NOT
6 ~ REMOVE JUMPER

7

e

REMOTE TEST ~~
SWITCH

q (WHEN USED1

WIRE
SIZE
(AWG)

DISTANCE IN FEET, ONE WAY
(MULTIPLY BY 0.3 FOR METERS)

B C
6 25
14 1600 200 AD
12 2400 300 60
10 4000 500 100

"PHIS IS A REPRESENTATIVE (GENERIC)
SCHEMATIC/WIRING DIAGRAM. FOR
'TROUBLESHOOTING, REFER TO THE
1~VIRING DIAGRAM PACKAGE THAT WAS
INCLUDED WITH YOUR GENSET.

i

NOTES:

T.-WIRE SIZES F1UST-~7tS FOttDWS~
RUN ~'I-GENSET TO TRANSFER SWITCH-LEAD SIZE MUST BE
INCREASED IF A BATTERY CHARGER IS INSTALLED IN THE SWITCH.

WITH NO GATT CHARGER-LEADS I-I, -2, -3, -4, -5 USE COL A.
WITH 2 AMP CHARGER-LEADS I -I d I -3, USE COL. B
WITH 10 AMP CHARGER-LEADS 1 -I d I -3, USE COL. C

2. RUN ~k2-GENSET TO ANNUNCIATOR-ALL LEADS, USE COL. A

3. FOR MULTIPLE TRANSFER SWITCHES, DUPLICATE RUN ~I FOR EACH
SWITCH. DAISY CHAIN CONNECTION IS ACCEPTABLE PROVIDED WIRE
SIZE d DISTANCE TO THE LAST SNITCH MEET TF~ SPECS IN NOTE I.

4.

5. CONTACTS RATED, 4 AMPS AT 30 VDC
OR 120V MAX.

6. REFER TO ONAN 900-0366 POWER COMMAND NETWORK
6 OPERATION MANUAL. FOR WIRING INSTRUCTIONS.

7. INPUTS FOR CUSTOMER FAULTS. GROUNDED
SIGNAL REQUIRED TO ACTIVATE INPUT (MAX 50 MA.)

8. INSTALL JUMPER BETWEEN T82-I ~ TB2-2.
FOR SETS WITH PCC CONTROL.

N0.630-1345 sh1
REV. E
MODIFIED 6/29/94
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CUSTOMER CONNECTIONS AT THE ENGINE MONITOR BOARD (DETECTOR CONTROL)
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TB1-10 (SWITCHED B+OUTPUT) FUSED AT 20 AMPS, ENERGIZED WHEN THESTART SIGNAL IS APPLIED AND DE-ENERGIZED AT SHUTDOWN (NORMAL AND FAULT

TB1-9 (B+INPUT) BATTERY POSITIVE (+) CONNECTION

TBi-8 (START SOLENOID) FUSED AT 20 AMPS

TB1-7 (B+ OUTPUT) OUTPUT TO TIME DELAY START/STOP MODULE A15 (WHEN USED),FUSED AT 15 AMPS, AVAILABLE WHEN THE STARTING BATTERIES ARE CONNECTED
TB1-6 (REMOTE STAR'S CONNECTED TO TIME DELAY START/STOP MODULE A15 (WHEN USED). CONNECTREMOTE START CONTACT OF THE AUTOMATIC TRANSFER SWITCH TO TERMINAL TB1-5 OF MODULEfli~__- __ ___ -

(WHEN USED) OR TB1-6 OF EMB

TB1-5 (GROUND)

TB1-0 (COMMON ALARM B+OUTPUT) 4 AMP RATED DEVICE MAXIMUM

TB1-3 (RUN) CONNECTtD TO TIME DELAY START/STOP MODULE A15 (WHEN USED)

TBi-2 (DC DISCONNECT CONNECTED TO TIME DELAY START/STOP MODULE A15 (WHEN USED)

TB2-1 (FAULT 2) GROUND INPUT FROM SENDER
TB2-2 (FAULT 2) GROUND OUTPUT TO LIGHT/RELAY'

T62-3 (FAULT 1) GROUND INPUT FROM SENDER

TB2-4 (FAULT 1) GROUND OUTPUT TO LIGHT/RELAY"

TB2-5 (REMOTE RESET) MOMENTARY CONT~ICT TO GROUND

TB2-6 (OVERCRANK FAULT GROUND OUTPUT TO LIGHT/RELAY"

TB2-7 (OVERSPEED FAULT GROUND OUTPUT TO LIGHT/RELAY'

T82-8 (HIGH ENGINE TEMPERATURE FAULT) GROUND OUTPUT TO LIGHT/RELAY'

TB2-9 (LOW OIL PRESSURE FAULn GROUND OUTPUT TO LIGHT/RELAY"

TB2-10 (PRE-HIGH ENGINE TEMPERATURE WARNING) GROUND OUTPUT TO LIGHT/RELAY'

TB2-11 (PRE-LOW OIL PRESSURE WARNING) GROUND OUTPUT TO LIGHT/RELAY`

TB2-12 (SWITCH OFF WARNING) GROUND OUTPUT TO LIGHT/RELAY'

TB2-13 (LOW ENGINE TEMPERATURE WARNING) GROUND OUTPUT TO LIGHT/RELAY'

TB2-14 (LOW FUEL WARNING) GROUND INPUT FROM SENDER

TB2-15 (LOW FUEL WARNING) GROUND OUTPUT TO LIGHT/RELAY'

TB2-16 (EMERGENCY SHUTDOWN) MOMENTARY CONTACT TO GROUND
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pll-TBI-10 SN B+ j

P11-7811 COM ~
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RII-TBI-3 GHO j
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1
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STMT ~
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1

1111-iBl-3 RI1M j
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AI FTB2-10 PIPET j

9'/WE j
L

. J~~

All-Tffi-9 LOP j

F11-TB2-B VET j

Atl-iH2-7 OS j}~

FIl'iffii ~C I }~ T

pll-7H2-1 FLT I 1}s-t

RI1-792-2 RT 2 I }~

R11-TH2-13 LET 1~

FII-TH2-IS LO il[L 1}~-T

pll-TH2-12 5M OFF 1}~-T
L~J

CUSTOMER CONNECTIONS AT THE AUXILIARY RELAY BOARD (DETECTOR CONTROL)
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' THIS IS A REPRESENTATIVE (GENERIC)
SCHEMATIC/WIRING DIAGRAM. FOR
TROUBLESHOOTING, REFER TO THE
WIRING DIAGRAM PACKAGE THAT WAS
INCLUDED WITH YOUR GENSET.
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OT 8~ BT 2 WIRE START
UTILITY TO GENSET

BT 
CABINETTB3I 

REAR WALL OF CABINET

— c
NC

_ NO

- C

NC

_ NO

C

NC

_ NO
- ~

NC

NO

C

NC

NO

r

~L
C

NC

_ NO

C

NC

NO

-c
NC

_NO

OT

T81 BT

-4 ~ - ~ N~ TRANSFER SWITCH

~ AUXILIARY SWITCH3 r 3 C

4 ~ ~ 4 NO TRANSFER SWITCH
w 5 ~ I 5 NC~ EMERGENCY

AUXILIARY SWITCH
y 6 J ~ 6 C

H
-5

~ I ~ NO BYPASS SWITCH
=

_. _.
B - ~ 8

-9...
NC~ NORMAL
C ACIXIL2ARY SWITCHo.

r
F 10 p BYPASS SWITCH
V ~~ ry~~ EMERGENCY

Z ~ 
AUXILIARY SWITCH

12 C

~ (SEE NOTE II.)
~'0 TB2
z

I GNDo

° 1-3 z SEE NOTE 7
3 B+

-I
4 RMT

-2 5

]REMO~E6 JUMPER

~TIONAL AND
PROVIDED WHEN
)R INSTALLED

RUN ~M
iEE NOTE

J FEET, ONE WAY
jY 0.3 FOR METERS)
B C

125 25
200 0
300 60
500 100 .

THIS IS A REPRESENTATIVE (GENERIC)
SCHEMATIC/WIRING DIAGRAM. FOR
TROUBLESHOOTING, REFER TO THE
WIRING DIAGRAM PACKAGE THAT WAS
INCLUDED WITH YOUR GENSET.

-5EE NOTE 10

NOTES

REMOTE TEST I. WIRE SIZES MUST BE AS FOLLOWS
swIrcH RUN Y1-GENSET TO TRANSFER SNITCH-LEAD SIZE MUST BE
(WHEN usEO) INCREASED IF A BATTERY CHARGER IS INSTALLED IN THE SWITCH.

WITH NO BAIT CHARGER-LEADS I-I, -2, -3, -4, -5 USE COL. A
WITH 2 AMP CHARGER-LEADS I -I d I -3, USE COL. B
WITH 10 AMP CHARGER-LEADS I -1 d I -3, USE COL. C

2. RUN #2-GENSET TO ANNUNCIATOR-ALL LEADS, USE COL. A

3. FOR MULTIPLE TRANSFER SNITCHES, DUPLICATE Rl1N NI FOR EACH
SWITCH. DAISY CHAIN CONNECTION IS ACCEPTABLE PROVIDED HIRE
SIZE d DISTANCE TO THE UST SWITCH MEET THE SPECS IN NOTE I.

4. INCLUDES EN AND ENTX. FOR ENT, SEE SHEET 4.

5. INCLUDES DL SERIES WITH 7 LIGHT OR 12 LIGHT MON~jDR
BOARD. FOR 9 LIGHT MONITOR BOARD, SEE SHEET 2.(n~l

6. FUNCTIONS INDICATED BY •• ARE NOT INCLUDED IN THE ETECTOR
7 CDNTROL. JUMPER TB2-14 TO TB2-15 FOR LOW FUEL ALARM,

7. INSTALL JUMPER BETWEEN TB2-2 d TB2-3.

8. 300-4510-XX ANNUNCIATOR MAY BE USED ALSO.
WIRE TBI AS SHOWN.

9. CONTACTS RATED 4 AMPS AT 30 VDC
OR 120V MAX.

10. WHEN CONNECTING A REMOTE SIGNAL TO THE TRANSFER
INHIBIT CIRCUIT. THE INSTALLER MUST USE A TWISTED
PAIR OF WIRES WITH A SHIELDED GROUND.

II. TRANSFER SWITCH SHOWN CLOSED TO NORMAL
BYPASS SWITCH SHOWN IN NEUTRAL POSITION.

ACCESSORY INTERCONNECT DIAGRAM (DETECTOR CONTROL)
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GENERATOR SET WITH DETECTOR 7
OR DETECTOR 12 CONTROL

ENGINE CONTROL PANEL

TBI DETECTOR 12 ENGINE MONITOR
FOR DETECTOR 7 SEE NOTE 5.NO FIELDr ~~

INSTALLEDI y
CONNECTIONSI

L e

~ 8a2-1 I -I
6

5

RMT
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1_2
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3

a W uwi 
: ~ : r~•-~ ~ w

N ~ ~ a ~ w H o
° ~J

2_3
NO FIELD(
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2
,
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F ~ t"~~~ a~°F ~~ ~oCONNECTIONS z~ z~ w w 3 w w r-~ ~H H O~~> 3 O O pH O~~ =N N -- J O O 2 J a d U1 J J J y

TB2 12 3 4 5 6 7 B 9 0 II 12 13 14 15 16-4 2-13

-B 2- 14 a in ~u n m rn °— — N
N N N N N N N N ry

SPLICE BY

OAYTANK
AUDIBLE
ALARM
(WHEN USED)

RUN N2
SEE NOTE 2

TBI
2-I

ANNUNCIATOR
300-4510-XX

t 24VDC ~ SELEC7 ONE2 12VDC2-2
3 GNDz_3
4 GEN RUNNING2_13

g UTILITY ON2-14
6 EPS LOADED2_9
7 PRE-SOP2_~
B LOP2_8
9 PRE-HET2_6
10 HET2-II
II LET2_g
12 OVERSPEED2_4
13 OYERCRANK2-10
14 NOT IN AUTO
15 CHARGER MALFUNCTION2_~
16 LOW FUEL
17 CUSTOMER FAIAT
IB
19

20
21

NO

22 CONNECTION

23
2d

TB2

~
2

NO

3
CONNECTION

4 LOW COOLANT
5 CUSTOMER FAULT 2
6 CUSTOMER FAULT 3
7
8

b REMOTE
(EMERGENCY
STOP SWITCH
(MHEN USED]

RUN N2
SEE NOTE 2

ANNUNCIATOR
300-2751
24VDC 

SELECT ONE12VDC
GND
GEN RUNNING
UTILITY ON
EPS LOADED

LET
OVERSPEED
04ERCRANK
NOT IN AUTO
CHARGER MALFUNCTIgJ
LOW FUEL
SPARE

NO
CONNECTION

m

°z
w
w

w
7

f
0

U

0

MOUNTED

~~
~vai
SIGN

TEST
EXER
SIGN

z
~ ELEV,
r~- TRAN:

SIGN,

w
ASV~A~IL

g SIGN
s

Q GENSE
Z STAF
H SIGNA
N

OPTIONAL
LOAD SHED
INPUT
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LINE

~~ FAILUI
c~ o~~ HI
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} ~" VOLTAC
~m
~~ LOW

BATTEF
m VOLTAG

NOTE:
TB3
IS C
NEEC

WIRE DISTAL
SIZE (MULT]cnwc~ A
16 1000
14 I 0

2400
10 4000



WNT

TBI

B+

DC WIRING (SENTINEL)
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GND

THIS IS A REPRESENTATIVE (GENERIC)
SCHEMATIC/WIRING DIAGRAM. FOR
TROUBLESHOOTING, REFER TO THE
WIRING DIAGRAM PACKAGE THAT WAS
INCLUDED WITH YOUR GENSET.

ALL COMPONENTS SHOWN
DE-ENERGIZED POSITION.

5 YEL/BLIt
GEN

K21

6 RED/BLK
GEN

AC STARTER
DISCONNECT

No. 612-6697 sh 2of 2
Rev. B Sys: Prof
Modified 4/11/98
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SCHEMATIC DIAGRAM
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ALTERNATOR CONFIGURATIONS
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GND ~q77
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O NOTE: RECTIFIER BRIDGE MOUNTED
ON IN51DE BaCHWALL OF CONTROL
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DISCONNCCT JVERSPEED

1 2 3 4 5 6 7 8
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I~ a a~I a ~ 
----- II II

A>> ~t
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11 II

M12-s
TB1

a p II II

uii-sII

A15-TBi-7 F - - - - - - -~
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ENG-26
10 SWITCHED B+ ~'"' S12-1

Bt-BAT
9 B+ 1N

e 512-3
II II
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-
°
-
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x
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~

- - -- - - —

(ENG HARNESS) (ENC HARNESS)

g ~ E~ S 1 ENG-GND E t
2 I A1IJ2-4 A11J1-7 I 2 I AIIJ2-4 AI_IJI-7 _ _

--~ T26

~

1EyG GND E2 1 I S2
ENG GND E2~SG

S 2
AtIJ2-5

A11 J1-B _ _ AIlJ2-5 AIIJI-B _ _ ii
AIlJ2-3 y

~
1
= I ENC CND =

SHEET 2 ~A11T81-10 ~ SEE SHEET 2SEE
OVERSPEED

~
2 6~ZOA~ ~ ~ ~

fOR OvERSPEED
CONFIGURATION AiitB-t-t0

CONFIGURATION
n~i~z-, ~ ~ I (20A) ~ ~26

S4

. S5

~-_ AiIJ2-2 ~

1

GND STUD

~si-2

ENC
GHD

QAI1J2-1

4

S 5 

AIlJ2-2

} FOR BATTERY AND ~ i
STARTER CONNECTION ~

;. SEE SHEET 2 I ~

-'° FOR ALTERNATOR 
I I cr+o sru~

— CONNECT ION — — I ~ s~-z
-~—SEE SHEET 2

J ~ _

EHG GND
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IJ3-I

IJ3-I

IJ3-I

id3-i

IJ3-9

IJ3-8

1J3-7

Ida-6

Ida-2

'J3-}

J3-4

IA-1

E

RIGHT SIDE DOOR
(REAR INSIDE VIEW)

D511

l

JI

DIAGRAM FOR ALTERNATE
SENDER PACKAGE

TABULATION

H CONTROL
NO OLTS

-Ot VERY. 12V

-02 VERY. 24V

-03 VERY. 12V
GAS

12 LIGHT
DETECTOR

IF CHARACTERISTICS

(ND TOLERANCE)

APPROVED ~__PRIEM__ loICRAMt[ Uxl(SS Ol x[Pl ISE SiC[IfIU
~

Dn7E 09_28_95---
mm nc

NoT s x ~ x .---
xiuc , x x xi

APPLIES TO UPPER LIMIT ~M 
~ .xx. xxx~----

~~~_~~~ ~O.I SI~~~~~~~~'~~40 ~.00f/-
,APPLIES TO LOWER LIMIT ~~C m~~ --- ~ 3.10~1.f11071/-1.10.711-.171 1.006I.

APPLIES TO BOTH LIAII TS o~~• ~ __ ° II.10-II.If 11.11(-1.11.177-.)OJ x.010/.
scr.i~ 04 - _ s 17.5471.11 17.J01~0.11 .I01-.!!f 1.Ogh

!~yae~u~u

rio7ES
1 ALL COMPONENTS SHOWN IN DE-ENERGIZED POSITION.

2. ILLUSTRATION NUMBERS REFER TO DWG. N0. 539-0741.

3. GAUGE RESISTORS R12,13 (ILLUS ABB) ARE USED ON 24V
(-02) VERSION ONLY. MOUNT BEFORE ATTACHING HARNESS.

4. TIE AlL UNUSED LEADS INTO HARNESS

5. DASHED LEADS INDICATE WHEN USED.
6. M12-JI USED FOR SPARK IGNITED PRODUCT.
7. WATER TEMPERATURE GAUGE 15 WIRED TO F3 FOR

CONTINUOUS OPERATION FOR SPARK IGNITED PRODUCT.

56 THERMOSiAi PRE-HET
55 SWITCH-PRESS (PRE-LOP)
54 SWITCH LOW ENGINE TEMP
53 SWITCH-OVERSPEED
52 THERMOSTAT (HET)
S1 SWITCH-OIL PRESS LOP
~4 S A TER PILOT SOLENO D

KI FUEL SOLENOID
GI ALTERNATOR
E2 SENDER-WATER TEMP

1 N - L SU
BT1 BATTERY-STORAGE
B1 STARTER & SOLENOID

RF( UCS PART NO 11f OIT. OESLRIPT IQN

C NGINC PARTS LI57 A80`/E (SNONN FOR RE~CkENCE ONLYJ

ID I6 16 3~ 871-0010 - NUT-HBMS (~10-32)
8 8 8 37 850-D~30 - WASHCR-LK (~10)
I6 16 I6 31 526-0019 - WASHER-FLAT (~10)
8 8 8 30 526-0409 A WASNCR-NYLON

- - 29 300-313 D PCB ASSY-GAUGE
1 - - 26 338-3316 D HARNESS-DC (VERY)

2; 853-0008 - WASHCR-ET LK (JIO) 11
26 308-1011 B SWITCH (WO/l) 512 90
25 3D8-1010 B SWITCH-ROCKER (W/L) 511 89

- 1 - 2l 19J-0250 P RESISTOR (GAUGE.21V) R11,13 88
15 517-0131 A PLUG-NOTE 87
77 301-2002 A 11ET[R-114E tOiAIIZING lil4 80

1 - 21 3a2-1642 P VOLIYETCR (I6-364) 1113 79
- f 2U 302-1611 P YOLTlIEfER (8-IBV) I~IJ 79

19 193-0351 A GAUGE-WA1CR ICUP 1111 78
Ib 193-0466 A CAUCE-DID PRESSURC N11 77

- I - 17 322-D017 - LA4P-PANEL (24Y) 11
- I 16 322-0004 P LA11P-PILOT (12V) 71

IS 322-0361 P L1CHT-PANEL DS11 7D
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- - - ~} REF A RECTIFIER CRI
- I - 11 322-0360-02 D IAIIP ASSY (I2L1.24V) A~2 59
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- I - IG 30D-297 D PCB ASSY-ENGINE MDNIIOR (12Lf,24V) a~~ 58

- I 9 340- 296 D PCB ASSY-CNGINE NONIiOR (121I,12V) All 58
- ~ ~ g }38-3252 D HARNESS-DC (VER1) 57
2 p p ) 810-0183 - NUi-H W/CI (~6-J1) 56

Z Z 2 6 8I5-0385 A SCREW-RHU (/6-31 z I /2)(BLK 2117C) 55
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11 ~~Yl 011
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TAEULATION -•

FART "ITEM 23 ITEM 24 AMMETER 'CURRENT TRANSFfiRMER
ITEM 25

DASH
gip, VOLTS

PART'NO..
(M21)

PART N0.
(M22) _

SCALE
(ti~pp) SECONDARY CONNECTION

PART N0
(M23)

-01 <SOOV 302=1148 '302-1975 25,0-50) 0-25 (I-2).Q-50 (1-3) 302-1968((0-

-03 <500V 302-ltag 302-1142 (0-75,0-I50) 0-75- ('t -Z)),0-150 ~1-3)) 302-1968

~ ~~~ f0=05 c500V 302-1148 302-1684' -150,0-300; 0-150 ~t-2),0-300 ~I-3) 302-1968.

-06 <500V 3'02-1148 302-1685 ~. 0-200.0-400 0-200 1-2 ,.0-400 I-3 302-1968
-07 <SOOV 302-1148 30?-1724 ' 0-250..0-500 0-250' i-2 ,0-500 I-~ 303-1968
-O8 <SOOV 302-1148 302-1725 0-375.0-750 0-375 1-Z .0-750 1 =3 302-1968
-09. <SOOV 302-1148 302=1725 0-40D.0-S00 "0-400 1-2 ,0 800 1-3 30?-1968
-10 I20V 302-1t48 307-1685 0-200,0-400 0-400 1 -2 ,0-400 1-3 302-1992

-II <SDOV 309-1148 302-1727 (0-500.0-1000} 0=500 (1-2):0--1000 (~-3) 302-1968
-12 <SOOV .3Q2-114R 302- V2R (0-60~i ,0-1200) 0-500 (1-7.) 0-1200 (I-3) ..,SO2-1968
-13 <500V 302x1148 302-1729 (0-750,0-1500) 0-750'(1-2)) 0-1500 ((1,3) 302-1968

-i5 <SOOV ~ 302-1148 302-1799 ~0-1500,0-3000; 0-1500 ~1-2),0-3000 (1=3~ 302-1968

-fir <586Y- 38~=1-1'4Q- --~.g~=~gpII 4II-2ARQ..9-~IlIl4 242Q t ~ _0-.4000 I-3 302-1968 .
-17 <SOOV 302-1148 302-.1908 (0-3000,0-600 0 0-3000 ~I-2~..0-6000 ~1.-3~ 302-1~
_i9 <500V 302-1148 --- --- --- 302-1968_

-20

-26 600V 30P-1753 302-1975' -75 (I~ ('1'=27,. 600V 302-1753 - 302-1473
/~~ O_i0o~ 3~.0-50 ~)~ 0-1Q0 302-19.68

-Zg 60.OV ,_ 302-1753 '302-1147 i 0-75 I -2),0-150 ~I-33 '302-1968

=30' 600V 302-1753_ 302-1684 ~0-190,0-3003 0-150 ~1-23,0-300 ~1.-33 30?-1468

-31 600V' 302-1753 }02-1685 0-3Q.0,0-400 0-200 1=2 0-400 1-3 3p2-1968

-~3 •'• 600v~ 302-T753 - 302=}725- -
~'~0-54 - 600V.;.~• 302-1753 302-1726 . -400 ;0 800 0-.400 1-2 -,0-800 3 302-1968

'-~35 ~ '600V ""3b2-1753 302-1727 (0-500,0-1000)
..I'

0-500 (I-2),0-1000 (I-3) 302-1968

~'
0-600 (1-2);0-1200 (I-3) 302-1968

-37 600V- 302-1753 302-1729 0-750 .0=15003 a-7so (~-2~ o=lsoo ~~-3) :302-1968

~'.'600V ~,0 ~I'3~~'302'-x40 _ 302 1753 302=1.8b0 '~0-2000,0-4000'0.-200D`~1-2- -4D00 1968-'

=4'1 600V,,: ~ ~ 302-1,753.' 302=1908 3000 .0-6Q00)• 0-300 ( I-Q) ,0-6000 '(1-'3) 302-1968:(0-
.,

.
=43. _

_qq ... -
-45 .. ~ -~

=.81' MV4Y.60 '~ 302=_1938 3D2-1~375 .: ~0~25:0-5.0) ..>0=25•.{'1=-2~ ,0-50 -3j ..302-1968;(I
2~;II'-100"..(I_3:.) .302-1968 .

-83 .M~4160.~ 302-1938 302-1t47 `. .~0'=75.0-15Q; 0,7.~~{~-1 2)-0-150 (I 3) ,302=1968

~.-B5 ~ IuV4 t 60 : 302-1 938 302-1 684 ~0-~i50 ,~-300 '0- 150 ~1=2.; ,0-300' ~ 1-3; 3~-t 968`

-8& MV4160 .30.2-193$. 302-1685 0-200,0=40Q 0-200 1-2 -400 I-3 302-196-8
-87 .~.4v4160 3021938 3Q2~1724 0=250,0-500

.,0
0-2.50 1-2 ,0-500'~~ I'-3 302:.1968

-BS ~1V4I60 -302-1938 ' 302=17`25 ~ 0-375 ,0-750 0=375 I'=2 ,0-750 I-3
.

302-1.968

-89 MVa160 302-1938 302-1726 0-400,0800) 0-400. 1-2' ,0-300 I-3 ~ 302-1968

-90 MV 4'160 302-1938 302-1727 (0-500,0-1000) 0-400 1-2 ,0-400 1-3 302-1958

-1200 (1_3) 302-998

-92 MV4I60 302-1938 302-1.729 ~0-7.50.0-1500; 0-1500 (I 3)0.-75D 
~j_z;,0

302-1968.

~0- ~ ~ € ~-95 MV41 60 X3'02-1938 302-'1800. 2000 ,0-4000, 0-2000 1-2 ,0-4000 1-3 302-1 9Fi8

MV4160. 3'02 1935 302=1908 0-3000,0-6000) 0-3000 (].- -6000 (I-3)..302-1968_96
''

.2.),0

-98
..• -• ..

-99 -

-~ .'

"

~-,

~ ~*-
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'- ~ 16287 G I R[YISEO P[R fR ~ -- CC BC SAL i1-0~-~"~

I1t 0] h I AuV II CY 3 850-005. Oir A I~ CC BG feL 0~-?t -;r~

- 2 II[Y U , 821-0011, YAS 800-OON TA CC BL IAl AI-:i-'i'

3 17EY 16 856-0008 OIf 1 YAS I 2B [C Bf, ~I AL pi-"t7~1~~

E

'~ G

Y,

"'----' ' D3 i 43 0811-5000-65 C 'SCREW-HN SEFIS j.{10-32 X .50) C -• - '

• I ~2 0098-5387-01 B LABEL-DANCER U

_ _~ _ C ̀J 6 _d 1. 0810-1220 - NUT- 4-10 Y21.22.23

-. ' ' _ -. _, _ I 39~ 0098-5298 D SILKSCRECN-PNL FR (AC)-- ~ - E

.. ~ • I 38 aS3~. 1129 -.. =~C HARNEf~,TBT~,

3 'S1, 0815-0875=02 A SCREW-RHN (~fl %_..7~% BC) ~-. _

-~
_ _ ''~ 35 OJ55-0189 ~. A CAPACITOR ASSY ~ C21 ~ - "'.14

-- ` - - •- — .' i - ~39 . -REF - ' - TRANSFORMER ASSY-CUR ~ .. ,_ l'fZl-23 _ ~i

- _ ~ - 33 ,REF, - GEAERA(OR ~ ~"~ ' C2J •-

r ~ .._ I 32 0098-5387, 8 LABEL-~dNGER ~~' ~ 1

-• _ 3t AEF - INSTI-VOLTAGE REGULATOR VR21 1}

', ~ ~ ~. ' ~ _ 1 30 OBfS-0901-06 .,- SCREW-XREC~IHD-LU( ((6-~ X 5/8J ~2

'_ I' 18 0312-2723-: A I~ARNCA STRIP 11

2B 0308-1052 C SWITCH-ROTARY (VOLT & AA~~IEfCR) :21 10

N Ird DE-ENERGIZED POSITION. 
i 27 085.3-0008 - WASN-Ef LN (~i0) 39

26 REF - POIENTIOUEIER (VOLTS AOJU51) R21 38

5 REFER TO' DWG . N0 , 539-074;.. ~ - ~ __~ ., p_Z ~ ~5 SEE TAB 8 NEIER-FREQUENCY (45=65 HZ) 423 33

(ITEM 42) ON [NTER(QR. OF 1 2-4 SEE TA8 C A1141E[ER-AC (SEE IA.B) ~I1: 32

NY READILY VISIBLE AREA 0.VR-CLABLE. ~ p3 SEC,YAB 8 VOl{~IE~ER-AC.(0-750) ~ ~12I .fl
32) ON ExiERIQR. OF LEF7 SIDE' DOOR ~ ~ yy ;EE fA8 B vOUIIEfER-AC (0-300,0-600) ~- ~f21 Jt
ASP .

I. 22 0322-0363 P LAI1P ASSY (UPPER/LOWER SCALE) X521-22 30

CTION DIAGRAM FOR iNPUT CONNECTIONS. ~ _ p~ REF - CIRCUIT BREAKER-NAG (fIElO) C8T1 29

dR INSTALIAT[ON, FOR CONNECTIONS. 
I 10 0338-2278 ➢ HARNESS-AC (YERI) ,. 15

C~ T821 - - 19 RCF -~ PART OF AC HARNESS iB2t 15

N THE TOP AND TERMINAL 11 TO BE 
C4 I IB 0301-9054-01 D DOOR WLDIIT-CONTROL (LH) VERI :I

I]

H ~~ 2 ;6 OB56-0008 - WASHER-EII LK (5/16) 11

=~ C3 81. ̀  is
5 14 X821-0014 P SCREW-LK HD (WHIZLOCK) (5/16-1~8 X .50) R1 IS

C 2 H~ ~ 13 0337-009 A 80ND-Sfl(AP ~ 14

,P I !1 0526-0018 - WASHER-FLAT (I/4") I}

- ~ ~ I II D871-0015 A NUf-H(X (I/A-20) ~ 11

i' 10 0370-0131 - NU!-H W/EI (CIO-J2) li

.• I 9 0131-0052 P CLIP-WIRE (5/8°) 10

2 8 040fi-0354 A WA;HER-SiUO RTNR 9

2 1 0106-0333' A SIUD-FASfENCR 8

2 6 0106-0352 A RECCPiACLE-FA;~ENER ~

5 OSOA-0051 A CRONNEi (Z") b

C 1 ~ 1 0811-5000-OS C SCREW-HH SENS (~10-32 x 50)

H I) ~ 
i

VF CHnknCTERISTICS " A 2 OdU1-0527 B ISOLATOR-YIBRAfIUN

(NO TOLERaNrE) 
I I 0319-SO)0 C BOk W1~11I-CONTROL (VERf) i i

~ IICY PIPI x0 slit OC SCR IVIION Uk WI(M ILL ~p

APPROVED Q__PRIEM__ IOLEA~XCF UNl[SS OIN(A~ISE SPE[I(I[0 +~.~. 612-6x90 D °'~ '̂'
~ mm n[ conu

DATE 10 _10_95--- ~q{ o~ '!. BEIRIIAN 10-10-95 ~ PAIPlIdEAPOLIS. PAINPdESOTA 66432

~ X ' K ~---
xu.i x x x'--- 1iO"'"' :ii~c ~. YOUNG 10-10-95 /+ 1 7

'APPLIES i0 UPPER L[MfT ~a'~T ° 'X%' .%K%~---- m~~~~~~• 11 WD-VEN ~Ei Ac. ~~1 PI1
1.0f- 1.f1 ~i.~sl~a o~ ear- yea ~.07t~-.W! ~~.~.~.~ ~5 ~~ ~~i. ~ W. +orwa.to U . PR I E M 10-10-95 ~ ~ _

/APPLIES TO LOWER LIMIT a~~~ai, --- ~ S:GO-1.f1 ~I.11~~0-10 101•.UI i.000~~.001 ~ ,,,,;; ;; •';,"^;~'~^ a:~K,,.~~ s~.uo o. b (~L ) ~ r~ -•

_ APPLIES TU BUTH LIMITS oe~n to --- 
=11.OI~IIH ii,iS~~L~l .1~}-.)0 I.OIOJ-.00S 

~~Mw~41si1,Y"4w~lli~l •• UCj (~~, vt)I L~~ `'~~~ ~~~ -~~"
sui[ or 11.31-71 11 10 7G -0.1J .1C1-.flf 1 011 -.005 ~:~o.w~i~u~ u~.m~.~~~~e N:"+•.'+~~



BRAKE
CYLINDER



14 1 MAPIJAL DLI~ VALVE 801 O6 13

13 I CFECK VALVE SRVVBLRYO

12 1 CFECK VALVE SRVVBLRtlO

PRESSI.A2E GALGE 0 A 400 BAR

10 I lIAM.IAL STS' VALVE BOl 06 13

9 1 SYITCH XCK MI U10

B 1 FLOM C~NTRQ VALVE NIOS

7 I S~EI~IO VALVE GS2-0 24 Y

6 I HAIL PUMP PA 03-00/A

5 I CHECK VALVE SRVZBLRIiO 0.1 BAR

4 1 PRESSURE RELIEF VALVE, 350 BAR MVP 14H

3 2 FILTER LICSE 1319 UCSE 1319

2 1 Pl1MP ~pq2

1 ELECTRIC F~TOR 0.37 KM, 1800 RPM LS71L2 480V/60HZ

:NOEX REO'0 OESCRIPTI~I MATERIAL YT./ 1.85. REFERENCE FQ'HAT

' nw+nTr: a

~n rte:

'~nF a~:

(n
W°
U
Z
Q
OC
w
~
,-

' •FABRICATION
W FRACTIQVAL ...., tl/16
~ ANGULAR ...... t12'
'"
~ •MACHINING
'" DECIMAL M/. X ... t . 05
W DECIMAL M/.XX .. t.01
~ DECIMAL M/.XXX 1.005
, ANGULAR .... , .. , t. ~-

y DESCRIPTION OF REVISION UA1E B1'

HYD ALILIC SCHEMATIC
ETHYYAG SIt~LE BRAKE

'°~1'~"4

-lam

r~T~+i: mrk rr.ties.:

this ~YIIL on its ~SIf~1 we is to PQW ff NERIG. • licotim vithout the Pernissim al PQIA ff +VEf1CA is Prohibited. ~f~[ (~$'0.: OTY. f~A'0.:

~r aur~arFrs
cu~.~s

~~A~

pO11~lA

w~ inuna: ~r,~ ~F.:
~s~r~o er:

~~~ FW~IAT

B
QUYlifi Ill~R

3038.877
REYISIQI

°~TE:
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Ref.

r~. , ~ ~4s Description

1. Main Coil and Pole Assembly

3. Comm. Coil and Pole Assembly

4. Armahue

5. Armature Coil

7. Slot Wedge (Through CD400A'1~

~ 8. Slot Insulation (Through CD400AT)

11. Armature Shaft and Core Assembly

12. Commutator

12A. Balance Rings (Used on CD180AT~D820AT)

!'~ ~ ' 18. Bearing Bracket

r • .14. Ball Beazing

• 15. Bearing Cap

i'f. Armature f-ui _ _ __

~•

18. Brush Rigging (Includes Complete Assembly for CD180AT)

20. Brunhholder Yoke

21. Bruahholder Stud

(Includes Insulator on CD500AT)

22. Bruahholder

(wth Pressure Spring and Clip, if needed)

29. Bruahholder Spring

24. Carbon Brush

26. Conduit Box

29. Conduit Box Adaptor

• 80. Bearing Bracket Covers ~

(Specify side, bottom or top)

82. Shaft Cover ~\

84. Conduit Box Gasket

88. Bearing Retaining Ring )

(Uxd on CDS60AT~D50OAT Drive End Only) ' ~
0

• Specify whether for drive end or commutator end.

~~

35

Commutator End

/'
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Fig. 11 CD210AT - CD500AT Frames, Exploded View


