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NAME: Pacoima Tram

TYPE: Aerial Tram

LINE: Slope Length ...........
Vertical Rise ...........

SPEED

CAPACITY

POWER OF

ELECTRIC MOTOR ...ccooeieccircrneens

DIAMETER OF HAUL ROPE ...........

HYDRAULIC TENSION

TRACK ROPE RAM ............
LORRY RAM ..c.ooeeiererceecenes

LINE GAUGE ...
DIRECTION OF ROTATION ............

ORIGIN OF PROFILE
PROFILE NUMBER

DATE
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..................... 2091.57 ft.
..................... 519.06 ft.
..................... 25.80%

..................... 1415 psi
..................... 1415 psi

..................... 4.10 ft.

Poma of America, Inc.

C51013

February 1998

LIFT DATA SHEET

(637.51 m)
(158.21 m)

(2.03 m/S)

50 HP @ 1745 rpm

25 HP @ 3600 rpm

(98 bars )
(98 bars)

(1.25 m)



L Lift Operation

Speeds

* speed 2.03 m/sec. 400 ft/min.
* over-speed speedx 1.1= 2.23 m/sec. 440 ft/min.
* emergency speed 0.508 m/sec. 100 ft/min.

It. Hydraulic Tension of the Cables
Track rope tension system

* OPERATING PRESSURE in the ram ......ccoeceeeereveeeceriecrnencereenanenns 98 bars (1415 psi)
* LOW PRESSURE SWITCH (on the hydraulic unit)
Must trip and cause the stopping of the lift if 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%.
Haul rope tension-
* OPERATING PRESSURE in the rams .......c.cccoeucveveveciemeeevenereneienas 98 bars (1415 psi)

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

................................................................... 88 bars (1274 psi)
This corresponds to an operating pressure decreasé 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%.
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Adjustment of the Bullwheel 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 holdmg
force listed in the Brake Test Procedures in this section.

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.......... oo 16650 daN (37431 Ibs.)
at the return terminal......cc.ccccoeee 18126 daN (40749 Ibs.)
Haul Rope
at the drive terminal.........cccceeec.e. 2280 daN (5126 Ibs.)
at the return terminal ..........cccc.c.... 2380 daN {56350 Ibs.)
LOADS ON STRUCTURES

Track Rope Reaction

at the drive tower......cccocceeveveeene. 7386 daN (16604 Ibs.)
At tOWEL T 7691 daN (17290 Ibs.)
at tower 2....coovcevvvecnnece e 3628 daN (8156 Ibs.)
at the return tower ........cccveevveeee. 18074 daN (40632 Ibs.)
Haul Rope Reaction
at the drive fower......occceveeiene 4259 daN (9575 Ibs.)
attower 1. 1969 daN (4426 Ibs.)
At tOWEr 2..ceiiiiriie s 756 daN (1700 Ibs.)
at the return tower .........cceeeieee. 4737 daN (10649Ibs.)
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V. Internal Combustion Engines

Evac ENGINE oot Kohler CH25
GENSEL it nceeerr et e e Cummins 50KW

vi.  Drive Belt Tensioning

e  Electric motor (normal operation)

Motor Sprocket Teeth # .....coveeevienrirenerrecenenes 48

Gearbox Sprocket Teeth #....c.coeeeiiinennirenecenns 50

Belts: Number ............... 1 Size........... Poly Chain 14M-1960-20
Shaft Center Distance.....cooeeccrveccnnecrnrecrccneee 25.08 in.

Belt Tension - MaX ....ceeveeeercnnncnrnenensenncerecens 201.6 Ibs.

Deflection at the center of the span......c.cveeveveenne 0.391in.

New Belt Instaliation Force............... e 20.4 Ibs.

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

» Hydraulic motor (evacuation operation)

Motor Sprocket Teeth # .....cooveviviniiiniiececcc e 48

Gearbox Sprocket Teeth #....coovriceeieccceeceene 50

Belts: Number ............... 1 Size........... Poly Chain 14M-1750-20
Shaft Center Distance.......cccevceicreercenencnnrcnesrceenns 25.94in.

Belt Tension - MaX....cciineceencninnnecienee s 195.58 Ibs.

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

New Belt Installation FOrce ....oocvvveccvvnncceccecenennen. 19.7 Ibs.

Used Belt Rétensioning FOrce..ommnmencrnenncnncnn 17.2 Ibs

vi.  Brake Testing Values (Minimum Test Values)
Bullwheel Brakes......c.ccoeeieeivencrcnrenercscscnceneenans 110 ft-lbs.
Track Rope Brake ......cuuevveevvvieneereeccse e 3200 Ibs.

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

Haul Rope shall comply with all provisions of ANSI B77.1, Section 7.1 or

CAN/CSA-Z98-96 and CSA-G4.

Manufacturer: Fatzer
Construction: 6 X 19 Seale

Wire
King Wire ...coecveecnnnee.
Inner, Outer Wire
L0707 = TSRO
LAY ot
Diameter .ot
Strength e
Length e

Lightly lubricated with Elaskon 20BB.

1860 N/mm? -
1960 N/mm?
Polypropylene

Right Lang

16mm  +2%/-1%

(39700 lbs. )

Track Rope shall comply with all provisions of ANSI B77.1, Section 7.1 or

CAN/CSA-798-96 and CSA-G4.

Manufacturer: Bridon

Construction: Full Lock Aerial rope

Wire
King Wire .ccoocevveecmnenne
Outer Wire......oooveeereneen.
Inner Wire ...occvvveeeneen.
LY ettt
Diameter e
Strength v
Length e,

Lightly lubricated with castor oil.

Electric Motor
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1960 N/mm?®
1570 N/mm?
1960 N/mm?

Full lock RH

26mm +2%/-1%

64723daN
2107.5 1t

(145504 Ibs. )



XL Gear Reducer

Brand....coercenierccrctenrneenerere e sreesnsresessesssnnssnens Kissling
1Y o L= OO T-246
RAHO vueecieciirecercrreceree v critr e eseessraessrveresanenensssens 53.97:1
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MONTHLY BRAKE TEST PROCEDURES

AREA : Pacoima Dam
LIFT : Pacoima Aerial Tram
CAPACITY/
SPEED : 60pph / 400fpm
CONTENTS:
I. Introduction

L. Bullwheel Brake Test

Hl. 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 REQUIRED BY ANS! B77.1-1992,
SECTION 2.3.3.2.
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L 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 modifications 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.
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Lift Name: Pacoima Aerial Tram
Capacity/speed: 60 pph/400fpm

I BULLWHEEL BRAKE TEST

1. 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.

8. Apply the one bullwheel 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 buliwheel does not move. (See Brake Test Diagram) .

8. I the bullwheel 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.
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w.  BULLWHEEL BRAKE TEST DIAGRAM

/— BOLT ON CUTPUT SHAFT

(FAR SIDE OF PICTURE)

TORGUE
WRENCH )

ELECTRIC
MOTER q Bl

BULLWHEEL

BLLLWHEEL
BRAKES
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Iv.

TRACK ROPE BRAKE TEST

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

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

Place a come-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).

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 must be preformed at the drive or the pull test value will change.

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

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.

TRACK ROPE BRAKE TEST DIAGRAM

Dynononeter
Dilton #802007-2
or Equivalent

Come-A-Long
1-172 Ton Min,
Capacity

]

Orlve Tower
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POMA

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 the
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,
R. Jefferson Smith, P.E.

cc: JF Mugnier

2510 FORESIGHT CIRCLE GRAND JUNCTION, CO 81808 (970) R41-4442 - FAX (970) 241-3023
EASTERN OFFICE: P.O. BOX 35, ROUTE 100 & 107, STOCKBRIDGE, VT 05772 (802) 746-7955 - FAX (802> 746-7958




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 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 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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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.

damage to equ1p ent LT T

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 check stop distance and stop time.

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

vWARNING Use of safetles bypass .may result in severe damage to equnpment or
S personal lnjury lncludmg death.
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OPERATING PROCEDURES

INTRODUCTION

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 B77.1 section
2.3 code for reversible tramways:

o 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 surface conditions.
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PRE-OPERATING INSTRUCTIONS

AFTER THE INSTALLATION 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-IN 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.

0. Check all electrical connections.

10

Section 2: 1999
Pacoima Operations Manual




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.

DAILY PRE-OPERATIONAL INSPECTION

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

1.

2.

10.

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

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

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

Test braking systems. Check brake adjustments.
Check the communication systems.

Check poly chain tension and alignment.

Check oil levels in all gearboxes.

Check fluid level in all hydraulic systems.

Check pressure and fluid levels in all braking systems.

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. Saddlesand 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 eﬁgine and
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.

12
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General

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
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, device(s) shall be installed at appropriate location(s) 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 all
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.

Section 2: 1999
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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 LIFT

%
NOTICE

ltis the supervisor's responsibility to operate the lift safely and to
reduce speed or to cease operations if conditions warrant.

M

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 safe and operable.

1.

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

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.

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 retum 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 all times when using the evacuation drive.

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

Push and release either the UP or DOWN button.

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.

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

button.

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 retumn
station, ensuring that the cabin siows while going over towers and docks smoothly
at the top docking station.

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

15
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OPERATING PROHIBITIONS

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

1.

10.

11.

12

13.

14,

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

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

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

Do not operate the lift with more than the designed number of passengers or more

than a total of 2240Ibs in the carrier.
Do not restart or speed up the lift until all stations have been contacted.
Do not load passengers who are intoxicated or otherwise incapacitated.

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

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.

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.

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.

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

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

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.

Do not operate the lift for passengers if it requires immediate maintenance. See
maintenance requirements in the appropriate sections of this Maintenance Manual.

16
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Do not operate lift for passengers or maintenance without the prescribed number of
carriers on the line.

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.

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

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

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.

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

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

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.

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

location.

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

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

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.

Do not operaté if any required waming signs are not in place. Verify this by visual
inspection.

17
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28.

29.

30.

31.

32.

33.

34.

Do not operate the lift if the travel limit stop switches are not in their proper place and
functioning properly. Verify this by visual inspection and check operation.

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.

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

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

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.

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.

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
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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.

19
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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:

XN A~LON =

Date

Names and duty stations of operating personnel

Operating hours and purpose of operations

Temperature, wind and weather conditions

Record of compliance with daily operational inspections

Position and condition of the tension carriage or other tensioning devices
Accidents, malfunctions or abnormal occurrences during operation
Signature of operator.

WIRE ROPE LOG

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

CONOOT AN =

Approved specification

Copy of certified test report

Date installed

Splicing certificate for each splice

Record of lubrication, including type of lubricant and date applied, if required
Record of maintenance inspections

Report of wire rope inspection

Report of accidents or injury to rope.

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.

21

Section 2: 1999
Pacoima Operations Manual



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.

n
N4
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' . @ GE Motors'

industrial Motors
MARCH 3, 1998 General Electric Company

3001 East Lake Road, Erie, PA 16531

- REFER TO G.E. REQN. 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
[_IFor ApPROVAL kyFor INsTALLATION [ ] 780129473001

RETURN "FOR APPROVAL" PRINTS TO THE GE OFFICE WITH WHOM YOUR ORDER IS PLACED. ORDER IS ON HOLD
UNTIL PRINTS ARE APPROVED. WHEN APPROVED PRINTS ARE RETURNED, LEAD TIMES IN EFFECT WILL APPLY.

scheduie. PRINTS ARE NOT TO SCALE, are loaded subject to return upon demand, and the express condition that they will not be used in any way
detrimental to the General Electric Company. “The export of technical information contained in these prints Is subject to the ruies and regulations
of the United States Department of Commerce, Office of Export Control.” -

ITEM 1 DC MOTOR MODEL 5CD184TA094B027

36A167945AA002 -OUTLINE-
SPLASHPROOF FULLY GUARDED - BALL BEARINGS
CONDUIT BOX ON RIGHT HAND SIDE FACING COMMUTATOR END
STANDARD SHAFT DRIVE END ONLY - WITH FEET
'28AT ~-DC MACHINE-

HP 50 - RPM 1750/2100 - VOLTS 500 - AMPS 83.7
WOUND SHUNT - DUTY CONTINUOUS

MAXTMUM AMBIENT 40 C - CLASS F INSULATION

NEMA POWER SUPPLY CODE: D -FIELD VOLTS 300/150

WITH:

THERMOSTAT- NORMALLY CLOSED, AC RATING- 600V MAX-

.5A, 250V-1.5A7, OR 125V-3A, DC RATING- 30V MAX-

1.5A.MAXIMUM CURRENT BASED ON INDUCTIVE LOADS UP

TO AND INCLUDING NEMA NO.5 CONTACIOR.
36A167771AA001 -ENCLOSURE AND MOUNTING ASSEMBLY . :
36A167760CB501 -CONNECTION DIAGRAM REVERSIBLE ROTATION.
GEH3967 =INSTRUCTION BOOK.

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

1 PRINT TO: KEVIN MAHONEY, C&ISD, BLDG 4-6, FORT WAYNE OFFICE

© TOFMISTO D J WEED, BLDG 9-3, ERIE WORKS BY V. LEIGHTON/AS, ERIE WORKS
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GENERAL §5 ELEGTRIC 36A1677714A

001 THrRU 006
’Ezv’e,/ TITLE (ASSEMBEY) CONT ON SHLET M %0
36A167771AA NCLOSURE AND MOUNT ING CND BOX RH S |
001 THrRU 006 ’ ‘ . -3 IDE |
JNT ON SHEET $H NO. FIRST MADE FOR SPLASHPROOF FULLY GUARDED ) !
NOTE - "X" DENOTES LOCATION OF AIR INTAKE "Cgf.DENOTES COMM END REVISIONS
"Y" DENOTES LOCATION OF AIR EXHAUST "S>" DENOTES SPLASHPROOF g
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GENERAL ELECTRIC 36AI67760CB501

NG S.0. CONT OX SHEET SH NO.
> TITLE
36AI67760CRB50| CONNECTION DIAGRAM
‘T ON SHEET SH K0, FIRST MADE FOR 2 POLE

DIRECT CURRENT MOTOR AND GENERATOR - SHUNT WOUND- =
} OR 2 TIRCUIT SHUNT FIELD - 2 CIRCUIT COMMUTATING FIELD

VIEWS FACING COMMUTATOR END
~ LEADS OUT RIGHT SIDE -

LI~ T ]

COMMUTATING FIELD AND ARIA-TURE SHUNT FIELD

VIEWS FACING COMMUTATOR END
- LEADS OUT LEFT SIDE -

COMMUTATING FIELD AND ARMATURE SHUNT FIELD

L CONNECTIONS AND TERMINATIONS EXTERNAL TO MAGNET FRAME MUST BE INSULATED PER NATIONAL ELECTRICAL

ALL EXTERNAL LEADS ARE MARKED. AL
CODE AND SOUND LOCAL PRACTICES.

SPACE HEATERS, WHEN SPECIFJED, WILL HAVE LEADS WiTH TERMINAL MARKINGS Hi AND H2.
THERMOSTAT, WHEN SPECIFIED, WILL HAVE LEADS WITH TERMINAL MARKINGS P AND P2,

ENCIRCLED NUMBERS MAY BE USED FOR PART IDENTIF ICATION.

FOR SHUNT FIELD
HI6H NAMEPLATE
EXCITATION VOLTAGE - |
ARMATURE COMMUTAT ING

CONNECT SHUNT FIELD
FIELD
I Al 1‘2

LEADS AS INDICATED

Fi Fa
(F2. F3)
MOTOR CONNECTIONS : GENERATOR CONNECTJONS : _
FOR CCW ROTATION FACING COMMUTATOR END, HAKE LEADS FI AND Al THE FOR CW ROTATION FACING COMMUTATOR END, Fi POSITIVE WILL MAXE A2
SAME POLARITY, POSITIVE.
FOR CW ROTATION FACING COMMUTATOR END, MAKE LEADS FI AND AZ THE FOR CCW ROTATION. FACING COMMUTATOR END, F1 POSITIVE WILL MAKE Al
SAME POLARITY, POSITIVE.
FOR SHUNT FIELD
L OW NAMEPLATE
AT A Y i
LEADS AS INDICATED ARMATURE  COMMUTATING
I Al : 1
I A
IFI, F3)
F2, F4)

SENERATOR CONNECTIONS :
FOR CW ROTATION FACING COMMUTATOR END, FLF3) POSITIVE WILL MAXE
POSITIVE.

R .
FOR CCWROTATION FACING COMMUTATOR ENO, (FIF3) POSITIVE WILL MAXE

MOTOR COMRECTIONS ;
FOR CCW ROTATION FAC ING COMMUTATOR END, MAKE LEADS (FLF3) 8 A1
~ SAME POLARITY,

‘EA'M%O;O‘JAIR.I'T;.‘C'“G COMMUTATOR END, MAKE LEADS (FI,F3) & A2 A P Ty ATl
0-11-94 NO S.0.
 R.D.BOLLA | RETR QC() cap
MADE BY DIV OR
ERGIARABEDIAN 3-19-69 | FILE | _ GE MOTORS ¥ 36AI67760CB50]
- ISSUED . &
CAD/ R.D.BOLLA 10-11-94 | KCI3-1 ERIE LOCATION |CONT OX SHEET SH MO,
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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
contingency to be met in connection with installation, operation, or maintenance. Should further information be

desired or should particular problems arise which are not covered sufficiently for the purchaser’s purposes, the matter
should be referred to GE Motors-DM&G.

© 1989, 1991, 1993, 1994 General Electric Company
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DIRECT CURRENT
MOTORS AND GENERATORS
FRAMES CD180AT - CDS00AT

INTRODUCTION

This instruction book covers the CD180AT-CD500AT line
of DC motors and generators.

- WARN]NG ngh voitage and rotatmg parts
“serious-or fatal i m_]ury The use of
electri macl’unexy, hke all other unhzauons of R

| RECEIVING

The equipment should be placed under adequate cover
immediately upon receipt as packing coverings are NOT
suitable for out-of-doors or unprotected storage. Standard
factory packing methods do not allow for stacking of

motors. .

Each shipment should be carefully examined upon arrival.
Any damage should be reported promptly to the carrier
and to the nearest office of GE Motorss DM&G. Shipping
damage is not covered under the standard warranty. A
claim must be filed with the carrier.

Storage

During installation or when in storage, the machine and its
parts must be protected from the following:

1. Dirt of all kinds.
2. Wetness and temperature extremes.

Protection from dirt can be achieved by covering the
achine with a tarpaulin or polyethylene sheet or keeping
it where the surrounding area is clean.

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 suffer 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 are 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 room

temperature before unpacking.

Brushesshould notremainin contact with 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.

fﬂmm

U

N
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WARNING: Mineral spirits are flammable and
moderately toxic. 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 necessary precautions to prevent fire or
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 ‘that
‘_} the armature be rotated afew revolunons every
_ onths: to: prevent loss, of grease protec-: -
T non on‘the beanngs and races Loss of; grease or
o ‘;.011 protec‘ on: 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 inspe'ctions 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
gecreasing insulation resistance, move the machine to

- a drier location.

3. Wr%p 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.

Loss of grease protection causes rust. Note: Rotate the
armature in the direction which will not snag the
Mylar wrapping on the commutator.

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
CDL50S8AT 890 405 2970 1350
CD5010AT 1200 545 4260 1935

*Approximate weights for typical motors in
each frame size. Does notinclude 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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v' .: WARNIN G. Motor-generator sets or. umts w1th o

heavy attachments such as gear boxes or pumps .
o »must NOT‘be‘hfted by using the hfnng lugs of'"

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.
Machinesaccessible to the public should be further guarded
by screens, guard rails, etc., to prevent personnel from
coming into contact with the equipment. Fully guarded
covers are supplied on motors and generators. Shaft guards
are supplied on MG sets.

Totally enclosed and waterproof motors must have all
overs securely in place with gaskets intact in order to
_xclude 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

o venulauon or totally enclosed mert—gas—ﬁlled ‘
- motors (ClassI locauons only) when mstallauon
: and operanon conformto certam reqmrements -

| _Motors for Class 1 locatxons must have leads _
'sealed at the frame exit and an explosxon proof ‘
condmtbox (Refer to Secnons 501—4 and 501-5 ). -

) Motors for Class II locauons must have leads
E sea.led atthe frame ex1tand a dust—;gnmon—proof
N : zconduxt box. (Refer to Sectlons 502-4 and502 5.)

CAUTION Srllcone vapor may be- present a.nd .
ongmate from sealmg compounds, electrical
_ ables, and room transformers These sources"' .

must be ehrmnated thcone vapor mterferes'

Motors and generators should be installed so that they are
readily accessible for routine inspection and maintenance.

Theyare suitable for use in ambient 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-
tection 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

o
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Mounting

Motors and generators should be mounted 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 of the conduitbox, endshields, and coversis provid-
ed when the motor is so ordered. Do not rotate commuta-
tor-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 toalign or check alignment

carefully on either motors or MG sets. Misalign-

" ment can cause exc_gs;i\'}e viB_faﬁdn,' ‘damaging

. fo‘rces'oh shafts and bearings, and rapid brush
-wear. Time _'tzkén to assure good. alig'niméh't' will
be returned in reduced. downtime. S
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Fig. 1 Selecting the Proper Key Length

Coupled Drive

When a motor and adriven unit together have four ormore
bearings, flexible couplings must be used to facilitate
alignment. Three-bearing construction 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 a half-height key
of full length. To preserve the original dynamic balance of
the motor, select the coupling hub key length “B” accord-
ing to the formula in Fig. 1.

V-Beit 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 size 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 Belts

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 belbs
D x RPM
.Where
D = Sheave pitch diameter in inches for V-beltappli-
cations.
HP = Maximum ratio of horsepower, including over-
RPM loads, to the minimum speed at which that

power occurs.

Belt tension factor from Table 2.

K'b =
The curves in Fig. 2 can be used to determine the antici-
pated L10 life, which is the life in hours that 90% of
bearings with this load would be expecied to exceed
without failure. The standard ball bearing and staridard
shaft option will be the most economical, if acceptable life
is obtained from the curve. A good, commonly used design
figure 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.

or special applications belt tension should be checked
and adjusted following the belt manufacturer’s recom-
mendations.

10

If slippage occurs after the belt tension has been correctly
adjusted, the belts and pulleys have not been chosen
properly for the application.

page may result mre_ :‘ly fzul
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 Load 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, a thrust load may be 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
THRUST CAPACITY IN POUNDS
HORIZONTAL MOUNTING ‘ VERTICAL MOUNTING
RPM RPM
FRAME 2500 1750 1150 850 2500 1750 1150 850
CD180AT 145 172 210 240 15017 17517 21417 24017
CD210AT 190 220 270 310 200164 240+64 285+64 330+64
| CD250AT 225 265 325 370 250+93 285+93 345+93 390+93
CD280AT 300 355 430 490 330+135 380x135 460135 525+135
| CD320AT 355 410 500 580 390+190 460+190 545+190 620+335
CD360AT 630 740 880 1040 700+335 820+335 970+335 1110+335
CD400AT. 580 690 840 970 700+526 820+526 970+526 1110526
CD500AT 890 1050 1310 1510 | —=——eemee- 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-
tion Book.)

Two types of MG set bases are used. One is called “non-self-
supporting”and, as the name implies, isnotrigid. 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 sup-
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-
pointupport. A self-supporting base is rigid enough so
that it needs support only at the pads. The entire weight of
the MG skt 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 flexible couplings. Others will use
single-bearing generators connected with rigid (solid) cou-
plings. With each kind of coupling and each kind of base
design, a slightly different alignment procedure is re-

1

quired. (Refer to the Alignment Procedure section of this
Instruction Book.)

Grouting

On concrete foundations, a minimum of 1" should be
allowed for grouting.

A rich, non-shrink gfout 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, but rough surface of the foundations
should be wet and the grout forced or puddled under the
base.

Alignment Procedure

Flexible Coupling

Before grouting the base, the alignmentshould 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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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.

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 ™.

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.

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

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 alignmentshould be checked
as follows:

1.

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

Startwith 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
mallet until the coupling halves separate 0.005" to
0.010".

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".

12

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

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 unithasmoved during shipmentand should
be shifted on the base. -

Repeat Steps #2, 3, and 4 on each coupling, wqg,kmg
away from the motor or center unit.

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 couplmg»:

- halves together unless the vanau on in measure--

ments is 0.002" or less. If there is‘a vanauon
greater than’ 0002” excessive. wbrauon and
-possible shaft faUgue can occur. o

OPERATION

'WARNING Dlsconnect powerb_efore touchmg ‘
Aany mternal part. High voltage ‘ma be present:

even when the machme isnot ota ing

hne connecnons tO POWCI‘ Sllpp y.

power supphes dxsconnect aliDC line and field ‘
connections. Also dxsconnect power from auxxl--:

iary devices.

" ‘mustbein. accordance with the Natlonal E

WARNING: Ground the machine properly to
avoid serious injury to personnel Groundmgf'.

«cal Code and consxstent w1th_ sound local
tices: One of the bolts holdmg:'the condul bo
to the unit, accesmble from“' '
box, is 1denuﬁed and may be used for _

agrounding cable

P
e
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WARNIN G: !}efore. sta;ting the motor, remove
all unused shaft keys and loose rotating parts to
prevent them from flying off. ~

Inspection Before Starting

These inspection procedures should be followed before
starting 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 relubrication is
necessary as suggested under the Maintenance
section.(Refer to Table 11).

Flexible couplings should be checked to see that they
contain the proper amount of lubricant.

Make sure that all grease plugs are 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
amount of grease should be pumped through.

Commutator and Brushes

Brushesshould 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-
tions should 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 sup-
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 | oD E K
8 Al v | x| = * *
§ C| v | v | * * *
E D v v v * #
= E|lv | v | v v *
S X|lv | v v |v|v

v Compatible Power Supply

% External inductance may be necessary to limit
ripple current

Power Supply Identification

The nameplates of DC motorsintended for operation from
rectified power supplies will be stémped 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 Ildentification Letter “C”

This designates a three-phase, 60 hertz input, full-wave
power supply having 6 total (controlled) pulses per cycle.
The power supply has no free wheeling and no series
inductance added externally to the motor armatuire circuit
inductance. The input line-to-line AC voltage to the recti-
fier shall 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”

ais designates a three-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 ACvoltage to the rectifier shall be 230 volts for 240 volt
DCmotor ratingsand 460 volts for 500 or 550 volt DC motor
ratings.
Power Supply Identification Letter “E”
This designatesa three-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 for 240 volt DC
motor ratings.

Power Supply Identification Letter “K”

This designates a single-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 armature circuit. The input AC

ltage to the rectifier shall be 230 volts for 180 volt DC

atings.

B. When intended for use on a power supply other than
“C7, “D”, “E”, or “K”, the motor will be identified as follows:

M/NF—V—H-—-—L
Where:

M = adigit indicating total pulses per cycle.

Z
I

a digit indicating controlled pulses per
cycle.

F = free wheeling (this letter appears only if
free wheeling is used).

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

H

2digitsindicatinginputfrequencyin hertz.

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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Connections

Terminal connections should be checked against the con-
nection diagram shipped with the machine. Bolted con-
nections must 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 identifigatiqn, they
should be joined in the same connection. (Refer to Table
5 for identification of winding leads.) ' -

Iy

When seriesleadsare not being used (example: a stabilized
shunt or a compound wound unit being used asa 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 cC

attached to commutating
winding - one lead only.

C1, C2, C3, C4, etc.
F1, F2, F3, F4, etc.
Field (series) S1, S2, S3, S4, etc.

More than one signal lead

Field (shunt)

ACCESSORIES & SPECIAL DEVICE MARKINGS
T1, T2, T3, T4, etc.

Blower Motors,
Type AN tachometer
generator

Tachometer generator,
direct current, to terminal
board

A1, A2, A3, A4, etc.

Brake coil leads B1, B2, B3, 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
Detector (RTD)

R1, R2, R3, R4, etc.

~—
Y
5

A
) :
oxd
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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.

\ ‘ Motor Field Heatmg Unless spe-
rdered motors are NOT capable of

o custom r duct) remains in- operan n.oo

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-
sible part of the 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-
tating field, complete protection from all conditionsresult-
ing from over-temperature is not possible. The device is
especxally useful in guarding against loss of normal ventila-
tion #&r, high ambient temperature, and prolonged oper-
ation of self-ventilated motors at very low speeds.
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TABLE 6

MAXIMUM CURRENT RATINGS FOR
SPEED LIMIT SWITCHES & THERMOSTATS
ON DRIPPROOF & TOTALLY
ENCLOSED MOTORS
{Normally open or normally closed contacts)

LOAD [125 VAC | 250 VAC | 600 VAC | 30 VDC
Do not use above 600 VAC or 30 VDC

5 AMPS | 2.5 AMPS | 1 AMP 5 AMPS
3 AMPS | 1.5 AMPS | 0.5 AMP (1.5 AMPS

Resistive

*[Aductive

* 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 contax:ts_ of the speed Iumt S

Space Heater

When furnished, refer to the Print Certification for Electri-
cal Rating or the motor nameplate.
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*entilation System

plowers or central systems must be in operation to supply
cooling air before loading force-ventilated machines. Air
filters should be in place. Blowers should be checked for
correct rotation. (Refer to Fig. 3 for correct direction of
rotation.)

- ARINLET -

HOUSING —_, 7~

 IMPELLER ~_
BLADES

— INTERNAL ~__
BAFFLE

- ,-

& ARFLOW AIR FLOW
VIEW LOOKING AT AIR INLET,

BLOWER MOTOR IS ON FAR SIDE

NP36A424875

Fig. 3 Correct Arrangement of Blower
Housing, Impeller Blades and Di-
rection of Rotation to Obtain Proper

Pressure and Air Flow

AC Blower Motors (If Equipped)

CAUTION: Remove drain plugs from the frame
' or ends]nelds of enclosed motors used outdoors
-or in other hlgh moxsture areas.

Mounting

When bases are removed on enclosed motors, the enclo-
sure must be maintained by plugging the bolt holes with
the plast_ic plugs from Kit No. 1821BPKI1.

WARNING ot replace the boll;s in the
frame' thh t.he 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 + - 5% combined varjation not to exceed +- 10%.

Dual voltage motors can be connected for the desired
voltage using instructions on the nameplate or connection

: +
diagram.

Wiring of motor, control, overload protection, and gro’:gmd-
ing should meet the National Electrical 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-D6-A2C5 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 nat relubncate whxle the: motor
runmng

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.



3
f—

L

Direct Q‘urrent Motors and Generators, GEH-3967N

TABLE 7
BLOWER MOTOR LUBRICATION GUIDE
Type of Typical ' HP | Lubrication Interval
Service | Examples | Range | Horizontal Vertical
] 1 or 2 Shifts 5-75 7 yrs. 3yrs.
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

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.

To clean motors, use a soft brush and, if necessary, a slow ~ TABLES
acting solvent in a well ventilated room. GRADE 5 HARDWARE TORQUE VALUES
* WARNING: Do not use solvents on windings of THREAD HEAD TORQUE
«. "the PG motor. e SIZE (inches) | DIMENSION LB. FT.
174 - 20 7/16 7 TO 9
Brake 5/16 - 18 1//2 13 TO 17
Flange-mounted brakes may be mounted on the accessory 3/8 - 16 9/16 24 TO 30
rabbet. Since the accessory stub shaft is not suitable for use 12 - 13 3/4 60 TO 75
with a brake, the standard NEMA commutator end shaft 58 - 11 15/16 120 TO 150
extension should be ordered when such use is planned. :13/ S 1g :]l :g i;g $8 ggg
Standard brakes are designed for horizontal floor mount-
ing only. When motors are sidewall or ceiling mounted, the
brake must be reassembled to maintain its relation to the
hori-zonml. Where motors z'xre to be mounted with the.shaft TABLE . 8A
vertical up or down, special brakes should be specified.
Brak®s used on severe applications, such as outdoor gantry NON-METALIC PARTS AND BRUSH HOLDERS
cranes, have many special features. BOLT HEX
= THREAD HEAD TORQUE
SIZE (inches) DIMENSION LB.FT.
1/4 - 20 7716 5 T0 7
5/16 - 18 1/2 7 TO 9
38 - 16 9/16 13 TO 17
12 - 13 3/4 24 TO 30
58 - M 15/16 |, 60 TO 75
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TABLE 9
COMMUTATING AND MAIN POLE
BOLT TORQUE
FRAME | BOLT | TORQUE (Ib-ft)
sizE | A | B

CD180AT 3/8-16 | 24-30 | 16-20
CD210AT | 3/816 | 24-30 | 16-20
CD250AT | 3/8-16 | 24-30 | 16-20
CD280AT | 1213 | 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
CDS00AT 12-13 | 60-75 | 36-45

A. For steel bolts when assembled without lubricant
(dry threads)
B. Forsteel boltswhen assembled with lubricated threads
* 6 radial slashes on bolt head. (Grade 8)

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

- CAUTION ‘Standard motors, as shipped, are
?;'?assembled th.h bolts without lubncant (dry
"threads\ Bolts may be replaced when necessary
w:th bolts w1th dry threads, or with bolts lubri-
'cated with a motor oil or other suitable thread
Jubricant. When lubricated threads are used,
';the lower torque values in column B will apply.

- The hxgher torque values in column A, when
o 'apphed to. bolts w1th lubncated threads, can
' cause excessive bolt tension and possible bolt

3 __,_:';breakage

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 asshown in
Fig. 4. The standard stub shaft also permits coupling
certain accessories.

i WARNING To prevent injury from rol:at:mg
o shaft, the stub shaft cover mustbe mamtamed in
- po "t.lon when the: accessory mounnng is not

o : ;used

»
ndard accessories are available as kits. These include a
.ety of tachometers and speed limit switches. A mount-
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ing adapter, which can be machined for various accesso-
ries, can be ordered separately.

Inspection After Starting

The followiné items should be checked after the machine
is running:

Bearings

Ball-bearing or roller-bearing housing temperature should
not be more than 80°C (176°F). Check alignmeﬁt and
lubrication if temperature exceeds this limit. Do not over-
grease. (Refer to the Regreasing 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 mounted alone on
rubber per NEMA method.)

The most likely cause of vibration in new machines is
misalignment due to improper 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 of vibration 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 varnish,
but should not smell scorched.

After a machine has been operating for a short time, an
inspection should be made to ascertain that there have

e
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ek

Accessory mounting face

0.130°Dia. 4 375+ 16 tap 0.88" Deep

NOTE: Max permissible thread See machine
/_ engagement in these ™ outline for
holes is 1.00". location
0.24"= [\
NOTES:
3 . Accessories shaft as shown fumished on all ma-
. [ 8‘500_ ) chines not having commutator end-shaft exten-
x 8.498" Dia. sions.
e 0.40"
Accessories shaft is suitable for driving tachome-
f Dia. n’ ter and speed fimit switch.
:]] " For brake application a keyed commutator end
0.50*-13 tap I'l. L )
. ) L~ (4) Holes shaft extension is required.
K equally spaced Furnished on CD180AT oniy when specifically or-
dered.
\_l N
2.1250° |
2.1245" Dia.
1.1250"
1.1245" Dia.
. CD180AT and CD210AT do not
0.18 I"‘ have shoulders as shown.
0.44"

—~— Fumnished on CD180AT only 0.875"R

—-  when specifically ordered.

(2) No. 10-24
tap 0.60" Dp

0.30'DP g5 Deg. center 0.75" Dia. 0.500°-13 tap 1.25 Deep
60 Deg. center 0.75" Dia.
CD180AT-320AT CD360AT
2.3750° 0625%1118p 2.8750°
1.56" Deep 2.8745° Dia.
60 Deg. center
1.00* Dia. 8
3 (22)0.375"16 tap 1.00" Deep 0.875'R
0.500"-13 tap 1.25° Deep ' .
60 Deg. center 0.75" Dia. 22.2)%307050;16 tap
CDA400AT ' CD500AT

Standard commutator-end bracket
and accessory shaft extension.

Fig. 4A - Accessory Mounting CD180AT - CD500AT
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0.462" Dia. Accessory Accessory
(4) Holes equally spaced mounting face 0.25"-20 tap mounting face
l (4) Holes equally spaced .
o 4.24" o) po— 3.96
—1 Dia
5.875" = i
o able lL..
Removi cover R able cover
4.502" . oMoV
4.501" Dia. (@) sides = 2.501" Dia. (3) sides
BC42/BC46 Tachometer adapter Form “Y" Tachometer adapter
mounts on bracket shown in Fig. 5A mounts on.bracket shown in Fig. 5A
Fig. 4B Fig. 4C
KEY
IIAI' WAY
WIDTH DEPTH
6255 1875 | .0937
= 3.54' —n .6250
' Accessory
2138°e]  sping ||  Mountingface 7505 1875 | 0937
dowel .7500
022° _od bea
A .5005 OMIT
1 | . .5000
240 T[T] b 3130 OMIT
Dia. §y [i | ' ! 3125
A"Dla .L
(2) No. 10-32 tap Adapter, Screw & Dowel used on CD210AT-320AT only. Torsionally rigid coupling rated at
80 Deg. apart Coupling bolts directly to shaft on CD380-500AT. .17 HP per 100 RPM.
Fig. 4D

Fig. 4B-D  Accessory Mounting CD180AT - CD500AT

20




Direct Current Motors and Generators, GEH-3967N

been no changes since installation. Re-torque all main and
commutating pole bolts. (Refer to Table 9.) Also check the
torque of the yoke bolis. (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
amountof dirtin the air varieswidely between installations.

MAINTENANCE

"‘WARNING. High voltage electric shock may
: cause senous or fatal injury. Disconnect power
' before touchmg any internal part. High voltage:'
‘may be present even when the machine is not
' i "’gf If used with a recnﬁed power supply,
ect all AC line connections to power
\Vith other power supphes, disconnect
e and ﬁeld connectlons Also, discon-

Bearmgs (Frames CD180AT-CD21 0AT)

Double shielded bearingsare 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)

Bearingshousings 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, itis 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.)

L)
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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
L 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 differentkinds of grease.
Lubricate motor at standstill. Make sure the grease fitting
is clean and free from dirt. Remove lower grease relief plug
(relief pipe on fan-cooled motor). Free the reliefhole from
any hardened grease. Use a hand-operated grease gun
only. Pump in grease until new grease appears at lower
grease hole. (Insert pipe occasionally on fancooled 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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= VHCAUTION.Ifalaxge amountofgrease ispumped
into the motor and none appears at the drain,
then rremove the handhole covers and | visually
‘inspect the area where the shaft protrudes thru
‘the cap: and endshleld for grcase leakage Thls
wou}d mdlcate that the dra.m 1s plugged up. If
' t.hls occurs,”then remove beanng capand clean
all dned grease outofthe cav1ty and dram hole
. Refill 173 full. Be sure to wipe away any grease
'."Zleakage before reassemblmg the handhole cov-
..€rs. Repeat deamng after 12 24 hours of: opera—

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 116-127°C
(240-260°F) in oil or in an oven. Then slip or press the
bearing on the shaft. The bearing should be mounted
tghtly against the shoulder on the shaft.

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
fiting and adjusting the brushes before the machines are

put into service. An initial inspection of brush condition

ARNIN ( Ex me p pressure (EP) greases should notbe used in DC machines. Insulauon detenorauo
-ai"may resnlt from the presence of sﬂxcones SR R

TABLE 12
SOURCES OF SUPPLY FOR BEARING GREASES

Temperature GE Designation

Supplier

Supplier’s Designation

D6A2C5
15°F to 212°F
-10°C to 100°C

LOW TEMPERATURE D6A4
-60°F to 200°F
-51°C to 93°C

DBA2C13
-20°F to 350°F
-28°C to 176°C

!

GE Supply

158 Gaither Drive
Mt. Laurel, NJ 08054
1-800-341-1010

Shell Oil Company
P.O. Box 2463

One Shell Plaza
Houston, TX 77002
{713) 241-4201

Texaco, Inc.

200 Westchester Avenue
White Plains, NY 10650
(914) 253-4000

Shell Oil Company
P.O. Box 2463

One Shell Plaza
Houston, TX 77002
(713) 241-4201

Standard Oil Company
225 Bush Street

San Francisco, CA 94120
(415) 894-7700

GE Bali Bearing Grease
(supplied in small
tubes and cans

Alvania No. 2

Regal AFB-2

Aeroshell No. 7

Chevron “SRi 11"

22
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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 30BC02JPP3 6206 30BC02JPP3
210AT ' 6206 30BC02JPP3 6207 35BC02JPP3
250AT = 6207 35BC02X3 6209 45BC02X3
280AT 6209 45BC02X3 6210 50BC02X3
320AT 6210 50BC02X3 6211 55BC02X3
360AT 6211 55BC02X3 6213 65BC02X3
3610AT 6211 55BC02X3 6214 70BC02X3
3612AT 6213 65BC02X3 6214 70BC02X3
400AT 6213 65BC02X3 6214 70BC02X3
4012AT 6214 70BC02X3 6217 85BC02X3
500AT 6216 80BC02X3 6218 90BC02X3
5010AT 6218 90BC02X3 6222 - 110BC02X3

* Motors sometimes have oversize ball bearing and roller bearing options

TABLE 14 '_.CAUTION DC motors and generators oper-
MINIMUM BRUSH LENGTH (in inches) ated for long periods of time at light loads or in
contaminated atmospheres may be subject to
FRAME MINIMUM BRUSH LENGTH* ‘ abnormalbrush and commutatorwear Thlscan‘
CD180AT 68 » .result in t.he need for excessnve mamtenance_ o
CD210AT-250AT 70 '
CD280AT-320AT .90
CD360AT 1.10
CD400AT 1.50
CD500AT 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
bruskpigtail. (Refer to Figs. 6 and 7.) When the crimped
marker approaches entry into the brushholder, brush
replacentent should be investigated. For future ordenng,

record the brush part number which is stamped on the
brush. (Refer to Table 18.)

‘--creams, mold release agents grease, and some' S
'.'msulatmg varmshes These sﬂxcone substances ;
_must be avoided to- insure proper motor per-* -

L formance
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—

Fig. 5 Fig.
Frame CD180AT Frames CD210AT-320AT

6

Fig. 7
Frames CD360AT-500AT

Measure Brush Length Here:

Fig. 5,6, 7 Brushholder Assemblies

With Machines Stopped and Power Off:

(Refer to Figs. 5, 6, and 7.)
1. Unfasten pigtail (Refer to @).

2. Release spring by pushing in slightly to disengage
locking tab (Refer to @), then pull spring back.

3. Remove brush.

Brush Installation:

1. Placebrushin holderwith bevel towardsspring. Brushes
should move freely in holder.

2. CD180AT - Release spring to original position against
brush. CD210AT-CD500AT - Push spring into positjon
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

:ained. Retighten the screw and recheck the gap. (Refer
to Fig. 8.)
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Fig. 8

COMMUTATOR S

Correct Spacing of Brushholder
to Commutator
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Brush Seating

Brushes should have their commutator contact surfaces
curved to exactly fit the commutator surface. Thisisaccom-
plished by “sanding in” the brushes in each brushholder
separately. Draw a sheet of coarse non-metallic sandpaper
(100-150 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 repeat. 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.

CAUI‘IONY Avoxd mhahng carbon and seater',:f-"“'v
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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 commutator. Check the commutator for roughness
while running by féeling the brushes with a fibre stick,
avoiding contact with live electrical 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.LR. (Total Indicator Reading) and bar
to bar readings over .0003" indicate need for repair. (Refer
to Table 15.)

CAUTION: The presence of silicone in DC
motors, partxcularly totally enclosed construc-
tions, will cause rapld brush wear. Sources of
silicone include oils, RTV compounds, hand
creams, mold release agents, grease, and some
" insulating varmshes These sxhcone substancesf
must be av01ded to ‘insure proper motor per-

formance

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
CDA400AT 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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_-Mechanical

.ieck 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 interfere with flow of cooling air.

Shaft End Play

Standard endplay should be measured with a dial indica-
tor. The limits are:

1. CDIS0AT thru CD320AT  .005" to .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
axial endplay of the bearing itself which is approx. .002".

Waterproof Machines

Waterpreof machines require the use of sealing devices to
exclude water from the bearings and from entering open-
ings in the magnet frame. When a waterproof machine has
__been disassembled, it will be necessary to remove the old
aling compound from around the mating surfaces of the
.aring 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, light weight, GE part#905A999ACO009) 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, it will be neces-
sary to reseal at the accessory mounting face. Prior to
reassembly, inspect for damage at gaskets around enclo-
sure coversand atshaft rubbing sealslocated 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-
structions should be followed in choosing a lubricant and
setting relubrication intervals. GE ball bearing grease
D6A2C5 is a suitable lubricant for flexible couplings in
most applications.

~ Flexible couplings which join a small machine to a large
‘= may have two different size coupling halves joined by
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 sp:gy,
_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 non-conducting 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 totally enclosed construction are
all possible means of protecting DC machines in adverse
environments. Space heaters protect against moisture 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, ovérspeed,
etc. Maintaining machines in good mechanical repair,
includingisolation 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. Operation within these maximum loads will limit the
temperature to suitable values.
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Testing Methods
Visual Inspection

Visual inspection is recommended as the quickest means of
finding insulation systems troubles. Visual inspection may
notsound like a test method, buta 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 brittle 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 Resistance Measurement

A method of measuring the insulation resistance is de-
scribed in Report 43, “Recommended Practice for Testing
Insulation Resistance of Rotating Machinery”, published
by IEEE, 345 E. 47th Street, New York, NY 10017. 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. Msgisture.

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. Thatis, as the temperature decreases, the in-
sulation resistance increases in accordance with Table 16.

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 for a 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 consisten§ 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 test voltage should notexceed 85% 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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leaning of Windings

1f windingsbecome contaminated, suitable cleaning meth-
ods can be used to alleviate the problemf

The machine should be de-energized 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-end coil
support and on the underside of the armature coils. This
dirtcan be easily removed with compressed air oravacuum.
Dirt may also accumulate in the axial vent holes which pass
all the way through the armature core and commutator. It
“sually will be necessary to use compressed air to blow this
.irtout. The commutator vent holes can best be cleaned by
directing air from the commutator end.

Itisimportant to realize that when blowing outa 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—energuzed prior to cleamng or other
mamtenance activities. Ground electncal cir-’
cuits. prior to cleamng or mamtenance to dis-

charge capacitors. Failure to observe these pre-
cautions may result in injury to persc_)n_n_el v
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CAUTION: Liquid solvents should not be di-
rectly applied to the commutator, -armature,
field coils, or-any part of a DC machme qumd ,
solvents carry conducting contaxmnants mcta]a
dust, carbon, etc.) deep into hxdden ‘areas to-
produce shorts and grounds, thus causmg ma-
chine failure. Mechamca.l componems may be. o
cleaned by a wiping rag barely moxstened (Qor .
‘wet) with a solvent. . k

WARNING: Solvents may :
moderately toxic. The- usual precaun, ns for :
handlmg chemicals-of thls type must be ob- |

served. These mclude _—

1. Avoid excessive: contac“ with skm
2. Usein well—ve_r_l_tllated;ar_eas

8. Take necessary precautionsto prevent fire
explosion hazards. -

tive equipment shoulel
to eyes and respuatory organs

Oily Dirt

The presence of oil makes thorough, effective cleaning of
machines in service virtually impossible and service shop
conditioning isrecommended. Oil on a surface formsa “fly
paper effect”, which attractsand holds firmly any entrained
dust. Neither suction nor compressed air is effective. Con-
sequently, only accessible areas may be cleaned. First,
remove as much of the dirt as possible by scraping or
brushing the dirty surfaces. Then, wipe away as much dirt
as possible with dry rags. For surfaces not readily accessible,
arag 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.



(9¢) GE Motors
Commutator Check Chart

‘ For Comparing Commutator Surface Markings
SATISFACTORY COMMUTATOR SURFACES

g Crmewm P
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LIGHT TAN FILM over entire commu- MOTTLED SURFACE with random film SLOT BAR-MARKING, o slightly darker HEAVY FILM con appear over entire
tator surface is one of many normal con-  pattern is probably the most frequently film, appears on bars in a definite pattern  area of efficient and normal commutator
ditions often seen on a well-functioning observed condition of commutators in related to number of conductors per siot. and, if uniform, is quite acceptabie.
machine. industry.

WATCH FOR THESE DANGER SIGNS

STREAKING on the commutator surface signals the THREADING of commutator with fine lines results GROOVING is o mechanical condition caused by
beginning of serious metal transfer to the carbon brush. when excessive metal fransfer accurs. It usuolly leads cbrosive material in the brush or atmosphere. If
Check the chart below for possible causes. to resurfacing of commutator and ropid brush wear.  grooves form, start corrective action.

COPPER DRAG, an abnormal build-up of commutator PITCH BAR-MARK| produces iow or burned spots HEAVY SLOT BAR-MARKING can involve etching of
material, forms most often at trailing edge of bar. Con-  on the commutator surfoce. The number of these mark-  trailing edge of commutator bar. Pattern is reloted to
dition is rare, but can cause flashover 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 .
Frequent visual inspection of commutator surfaces can wam you when any of the above conditions are developing so that you can take early corrective action. The chart below
may indicate some possible causes of these conditions, suggesting the proper productive maintenance.

T f Brush I
Light Unbalanced| Brush ypfnous.fus Contamination
Electrical | Electrical | Electrical | Armature Shunt Presure Vibration - -
Adjustment | Overioad | Load | Connection [ Field (light Abrasive |  Porous Gas | ADresie
Brush Brush Dust
Streaking X X X X X X
Threading X x 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 TH!IS CHART
GE Motors The purpose of the Commutator Check Chart is to help you spot undesirable commutator conditions as
y they develop so you can take corrective action betore the condition becomes serious. This chart will also
001 East Lake Road < ;
Erie. PA serve as an aid in recognizing safisfactory surfaces.
rie, 16531 The box chart above indicates the importance of selecting the correct brush and having the right operating
Phone: 814-875-3129 conditions for optimum brush life and commutator wear.

£av additinanl infarmation or helo with carbon brush application or commutation problems, contact your
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| WARNING: While FREON TF® isconsidered to
be non-flammable and has a relatively low order
of toxicity, it should be used only in well-venti-
lated areas thatare free from open flames. Avoid
prolonged exposure to vapors. Failure to ob-
serve these precautions may result in injury to

personnel.

J

FR.EON TF is the recommended solvent for cleaning be-
cause it is nonflammable, 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.
Stearn cleaning is not recommended because, as with
liquid solvents, conducting contaminants may be carried
deepintoinaccessible areas resulting in shorts and grounds.

FREON TF is a chlorofluorocarbon. Chlorofluorocarbons
have beenidentified asupper atmosphere ozone depletors.
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.

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 not make local hotspots.) 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 hotair through the machine, heating with
heat lamps, passing current through the main-field-coil
windings, etc.

If temperatures as high as 225°F (125°C) can be attained,
theyshould be limited to six or eight hours duration. Lower
temperatures will cause correspondingly longer drying

times.

® Registered trademark of the E.I. Dupont Co.

30

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 notreach 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 insulaton resistance and/or when machjnes are
extremely dirty or contaminated, it is recommended that
the reconditioning services of a GE service shop be ob-
tained. Service shopsare knowledgeable and equipped for
more sophisticated restoration methods, such as hot water
detergent wash, solvent and abrasive"c]eaning, revarnish-
ing, and rewinding if necessary.

Repair

Repairs should be made only 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-
formed with 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.

WARNING: When burning off old insulation
materials or when welding near insulation dur-
ing rewinding, adequate ventlation must be
provided to avoid exposing personnel to nox-
ious fumes. 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-
ton components following the burning off of

the organic materials.
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Failure

E ’WARNING' An extreme overload or electrical
fa.llure may result in. heatmg or arcmg, which
- e_msulat]on to give off noxious

fumes' Ail_pbwer should be. removed from the

' c1rcu1t has overload protectlon Personnelshould
not approach the motor untl adequate ventila-
tion of thc »area has purged the air of fumes.

.motor circuitasa precautmn, even though the

o
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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 assistin ordering renewal
parts.
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SPARE PARTS

TABLE 17

RECOMMENDED SPARE PARTS

accordance with the chart below:

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

'3

DESCRIPTION

NUMBER OF DUPLICATE MOTORS IN SERVICE .

1 | 24

5-10

WITH‘OR WITHOUT ELECTRICAL SHOP FACILITIES

11-20 More than 20

Complete Machine

Drive End Ball Bearing
Front End Ball Bearing
Brushes (Sets)
Brushholders {Sets)
Brushholder Springs (Sets)
Main Field Coil and Pole
Commutating Field Coil and Pole
Armature Complete*
Blower Vent, motors

"~ Blower motors

|

1 [
1 |
2
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WITH ELECTRICAL SHOP FACILITIES

Shaft**
Armature Rewinding Supplies

- [ 1

-—

listed in the second group.

** Shaft not replaceabie in CD180AT thru CD250AT.

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

TABLE 18

STANDARD BRUSH AND BRUSH SPRING PART NUMBERS

FRAME SIZE STANDARD BRUSH BRUSH SPRING

PART NUMBER* PART NUMBER
CD180AT 36A167400AA001 36B467022AB001
CD210AT 36A167401AA008 36B467020AA001
CD250AT 36A167401AA008 36B467020AA001
CD280AT 36A167402AA004 36B467021AA001
CD320AT 36A167402AA004 36B467021AA001
CD360AT 36A164456AA021 36B465486AA001
CD400AT 36A164451AB018 36B465481AD001
CDS500AT 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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Exploded views found on pages 34 & 35
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Q.
Name Per Motor
1. Brush 2
2. Brush Spring 2
3. Bearing C.E. 1
4. Bearing D.E. 1
5. Armature 1
6. Coil & Pole Comm. 2
7. Coil Main 2
8. Bearing Bracket (CE) 1 :
9. Access Cover 1
10. Brush Rigging 1
11. Armature Fan 1
12. Bearing Bracket (DE) 1
13. Wound Frame Assembly 1
9
j 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
o Evacuation motor sprocket (E) Part #: 14M-48S-20
® Gear reducer sprocket (F) Part #: 14M-50S-68
o Poly chain belts: Electric (G) Part #: 14M-1960-20

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

[“] ﬁi

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

| FIGURE 4-1

Section 4: 1999
V-Belt Assembly



Assembly

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 bushlng 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




Recommended
Wrench Torque Values
To Use in Tightening QD Bushings

| Fi/lba
Cap Screw Wreach Torque
Bushing Size Size&Threed | Nommal Appications
LA Na. 10-24 | H
SH-508-S0 Y20 | ]
SK 5/1g-20 | 15
SF %-16 k¢
3 %13 60
F Y12 TS
J %11 1%
M %10 25
. N %9 00
o ol 2 e DL T ) 8 =
NE POSITION TWO
POSITION O W 147 %0
S | 17 750
Fl G U R E 4_ 2 ‘ CAUTION: Excessive cap-screw torque can cause sheave andjor bushing breakage.
- 1 CAUTION: Tha use of lubricants can cause sheave breakage. Therefore, USE NO

LUBRICANTS in this installation.

Note: Pacoima QD bushing #

Electric motor sprocket: E-J 2.125in -
Evacuation motor sprocket: E-@ 1.250in . FIGURE 4-3
Gearbox sprocket: F-& 40mm
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Installing Poly Chain Belts.

Note: During normal 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 middie 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 beit and 0.8 mm for the evacuation motor
belt. (figure 4-5).

After 24 operating hours, check and retighten if necessary.

,\.\_5_‘_5;_.: |: + | ‘---_~__-;"  l + :

S | | —

\ \ / . \
~ \
N _:'r == \ /

(FIGURE 44| (FIGURE4-5]

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

| 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.

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:)

e OQilfilter:

e Oil: Capacity:
o Fuel: Capacity:
o Fuelfilter:

e Fuel line hose:

« Airfilter;

e Spark plugs:

e Baelts:

o Coolant: __ Capacity:

o Standard adjustments:

Spare parts are available from POMA of AMERICA.

Section 5: 1999
Evacuation Power Unit




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.
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KOHLER'S POWER ALTERNATIVE...

THE COMMAND 25 HP
OHV V-TWINS

The Command 25. Finally there’s an alternative fo 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-BORE™ CYLINDERS

Plated with resilient nickel-silicon, an C
exclusive in Kohler's class of engines, A
POWER-BORE cylinders give you:

o Increased power

Virtually permanent cylinder life

* Superior oil control

* Reduced exhaust emissions

This plating is also used on high perfor-
mance race cars like Porsche, Ferrari,
Lamborghini, Maserati and

“Formula 1 cars.

SMART-CHOKE™ CARBURETOR

All Command V-Twins feature SMART-CHOKE, o self-relieving choke carburetor.
SMART-CHOKE adjusts the air-fue! rafio automatically for optimum starting and
prevents overchoking when a warm engine is restarted.

OVERHEAD VALVE DESIGN

OHY design maximizes fuel combustion to ensure even burning for greater fue!
efficiency. 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 frain nearly maintenance free.

ELECTRONIC SMART-SPARK™ IGNITION

SMART-SPARK ignition retards the
spark for optimum starting and
slow-speed running, while advanc-
g the timing for peak efficiency

d power during Eigh-speed
~peration. This means faster
oll-weather storts, improved power -
and lower emissions,

TEN EXCLUSIVE REASONS TO CHOOSE KOHLER

1. Nickeksficn POWER-BORE elinders for povey o d

2. Hectronic SMART-SPARK gnifion for bood RPH espo

3. SART-CHOKE crbureor fo consient o weathr Sor

4. Hytroulc vleHrs for qil, mitencnce e oeraon
) Speéially-designed ol toolef_.fc‘)r';ri heuvy-dmy powe mqr{ds

26, Over‘hedd;!@lve design for g?é&er fuel e ission

R N R RIS oo ety
+.7. Compact size. An ideal tomp?nion to Comman

ok, virtaly the same envelope space. 1534
" 8. Worldwide service network with 10,000 skifled deale
-, - offering genuine Kohler (gplggg_qxem parts, EEHELE
9. Broad Kohler productline (6HP and vp, single and fwi

"+ % complement your power needs 3323
Ly e NG
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MODEL SPECIFICATIONS

ENGINE TYPE: 4-Cycle, Twin Cylinder, Overhead Valve, Air-Cooled, Gasoline,
Horizontal and Vertical Shaft, Aluminum Crankcase with
POWER-BORE Cylinders.

MODEL: CH25/CV25

POWER (@ 3600 RPM) hp (kW) 25(18.4)

DISPLACEMENT cw. in. {cc) 44(725)

BORE in. (mm} 3.27(83)

STROKE in. {mm) 2.64(67)

MAXTORQUE Ibs. ft. (Nem) 39.5(54) @ 2400 RPM

COMPRESSION RATIO 9:1

DRY WEIGHT *Ibs. (kg) 94 (43)

OIL CAPACITY (w/filter) US. gfs. (1) 21(2)

*Horsepower rotings (shown as gross) are in accordance with Society of Automotive Engineers - Small Engine Test Code 11349.
Kohiler Co. reserves the right to change product specifications, designs, and stondard equipment without notice end without incurring obligation,

STANDARD FEATURES
* Overhead valve design » Hydraulic valve lifters
* POWER-BORE cylinders 12V solenoid-shift starter
*0il cooler *15A charging system
» Electronic SMART-SPARK ignition *Dual oil drains
*Easy access oil fill o Spin-on oil filter
o Dual element air cleaner

oFixed jet SMART-CHOKE carburetor

POPULAR FACTORY OPTIONS™

«Mufflers

*(lose regulation governor

«High altitude kit

» Choice of crankshafts

*Remote oil filter

*In-line fuel filter

oEngine-mounted controls
w/ignition key switch

*0il Sentry™ system

*Muffler exhaust deflector

o Muffler spark arrestor
*25A charging system

« Flywheel-mounted PT0s

* P10 thrust bearing {600 lbs)

*SAE A/B pump mounts w/spline
crankshafts

h Slundara on some distributor basic engines, optional on OEM engines. Varies between vertical and horizontal shat engines.




25 HP
HORIZONTAL SHAFT V-TWIN

When you choose Kohler's Command 25 hp
horizontal sluh V-Twin, you're choosing the industry’s
environmental leader in engine power.

SPECIALLY-DESIGNED OIL COOLER

Kohler's specially-designed oil cooler
helps maintain the lowest possible o
temperature during the entire power
range, regardless of application or

8 duty cyde. It akso profects the
environment by extending oil
thange intervals.

ENVIRONMENTAL LEADERSHIP

Command’s CO and HC + NOx.exhaust emissions are fower than California’s

standards and well below the emissions of the compefition. Command is
also the “quiet” winner in noise emissions. {Compefitive product purchdsed PERFORMANCE DATA
~ndomly from manufacturer’s source of supply. Bosed on o 1992 test )
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HORIZONTAL SHAFT
DIMENSIONS

(Base engine illustrated)
421.01
{t8.575]
80.00 a1R CLEANER -
[2.352] COVER REMOVAL 287.08
302.58 — [11.303]
ALTERNATE _OIL
fi1.913] / FILL LOCATION ‘»,n‘f*"lj’."_‘"r——‘5'-“
[2.025)
14.77 [~}
A ) A
[.s82) 20- o 0
L A
481.58
[18.980] T
301.95 @
[11.888) 3/8-16 UNC-28 INCH
STARTER ] 17,00 1 0.689 | DEEP
MO | ! 142.80 (5.6251 B.C.
45 1.45"
ROTATION S 7/18-14 UNC-28 INCH
" HRGTET
OIL FILTER I~ 118.83= oo 4x 10. 30 {.406 1 0 . . B.C.
REVOVAL" [4.678) |ry. X RaTinG YoLEs “PILOT @ 177.80 [7.000]
@ szs
i ¢ ENGINE
— )B4, |5 —=
& yo uowrm&—/‘. 7.250° ]
: 468.28
i [18.436] FueL P
. [CLIFTING STRAP | &L -
== XL i
| k_ﬁ |
smm-spmx"j -
° 9.525 (.375) l
1 ] S0. KEYWAY
= @ 38.51
c.’ {1.438]
8 UNF-
30.10 11.500) DEEP

2x Ol oRain Pug — E9 [4.00] PILOT 100.00
.157 .
C MOUNTING MOLE * A'—/ (3.504] (3.937)
MOUNT ING /
SURF

€ MOUNTING HOLE =A*

R stRANKSHAFT/MOUNTING FACE OPTIONS 4}5 23
DIMENSIONS . MM (IN) i
MODEL: (H25 (SPEC SERIES 685XX)
SPEC VARIATION: 00/01/07 03 04 06
PTO TYPE: STRAIGHT* STRAIGHT  TAPR SPLINE
PTO DIAMETER: 36.5(1.438) 28.6(1.125) 38.1 (1.50) 38.1(1.50)
P10 LGTH (TO FACE): 113.2(4.453) 101.5 (4.00) 100.0{3.94) 11.5(0.452)
P10 TAPER: N/A N/A (2.25)/r00T N/A
PTO TOOTH/ADAPTOR N/A N/A /A 13/TYPE *B*
PTO DRILL & TAP: 5/8-18 UNF-28 7/16-20 UNF-28 5/16-24 UNF-28 _ N
TAP DEPTH: 38.1 (1.50) 38.1(1.50) 15.9 (0.625) N/A
PTO KEYWAY WIDTH: 9.53{0.375) 6.35(0.25) N/A N/A
BOLTCIRCLE DIA- (5.625.7.75) (5.625,1.75) (5.625,7.75) {5.625,1.75)
PILOT DIA: (7.00) {7.00) (6.437) NA

NOTE: Contact Kohler represenative for speciol crankshafts or mounting faces not shown here,




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-pressure lubrication, POWER-BORE cylinders,
and Koﬂlers proven overhead valve design, your
Command vertical shaft V-Twin will deliver the
horsepower you need throughout its long life.

HIGH-EFFICIENCY AIR FILTER

Sler vertical shaft V-Twins are available with standard or commerciol mower
leaner designs. Both feature dual element filtering to trap dust and dirt as
.aie as 2 microns... that's 1/30th the diameter of o human hair.

« Stondard design {shown left) allows
engine fo fit compactly into neurly any
application.

o Commerdial mower design {shown
i above, right) features a larger capacity,
425 square inch filter area. The extro
capacity & ideal for mowing operations
and the “out-front” position makes
regulor maintenance quick and easy.

SPECIALLY-DESIGNED OIL COOLER

Kohler's specially-designed oil cooler
sl helps maintain the lowest possible oil

runge regardless of application or
duty cyde. it requires less maintenance
by extending oif change intervals.

temperatures durm? the enire power -

PERFORMANCE DATA
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VERTICAL SHAFT
| DIMENSIONS

{Commerciol mowing engine flustrated)

N
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r‘l??zééén " 335
N .41
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= OlL CoOLER
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- = RECTIF ER
FUEL PUMP
51,25
C‘ .,_u,:: & lz.mal‘]
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N
MODEL: (V25 {SPEC SERIES 695XX)
SPEC VARIATION; 00/01
PTO TYPE: STRAIGHT
PTO DIAMETER: 28.6(1.125)
PTO LGTH (TO FACE): 84.3(3.32)
PTO DRILL & TAP: 7/16-20 UNF-28
T \ TAP DEPTH: 38.1(1.50)
PTO KEYWAY WIDTH: 6.35(0.25)
Ef BOLT CIRCLE DiA.: 254.0(10.0)
PILOTDIA: N/A

NOTE: Contact Kohler representotive for speciol aankshafts or mounting foces not shown here.
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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:)

o Oilfilter:

o Qil: Capacity:
o Fuel: Capacity:
e Fuelfilter:

¢ Fuelline hose:

o Airfilter:

e Belts:

« Coolant: Capacity:

e Standard adjustments:

Spare parts are available from POMA of AMERICA.
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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
* Qil level
* Coolant level
* Battery level
ONCE A WEEK Run the evacuation engine 10 minutes to ensure it will
operate properly.
ONCE A MONTH

or as required

LUBRICATION

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.

See the manufacturer's manual.
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Onon

Industrial Business Group
Worldwide Warranty

Commercial/lndustrial
Generator Sets and Systems

Limited Warranty




Base Coverage

Coverage Period

This is a limited warranty which applies to all onan®and
Cummins ®brand Industrial generator sets and associated
switches, switchgear, and accessories (hereafter referred to
as "Products”.} Products will be free from defects in material
and workmanship for a period of one year from the date of
initial start—up of the Product. In the case of units used for
rental or demonstration purposes, the one year

coverage period begins on the date the unit is first used
for such rental or demonstration purposes. This
warranty is extended to all subsequent owners of the
unit during the coverage period.

Repair or replacement parts are warranted for ninety (30)
days from date of purchase, excluding labor and travel
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 wili pay for the parts and iabor 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.

In accordance with Onan's Warranty Administration
policies, Onan will pay limited travel expenses* when v
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.

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.

Instaliation inspection and initial start-up of
Commercial—-Industrial genset or power systems must be
conducted by an authorized Cummins/Onan distributor, or
designated representative.

The owner is responsible for payment of any of'the
foliowing expenses that might be incurred as a resuit 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.

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
parailel operation, the prime power.or base ioad rating must
be utilized.

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.

Base Load Power Rating

The base load power rating is applicable for supplying
power continuousiy 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.

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.

It 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.

THERE IS NO OTHER EXPRESS WARRANTY, AND NO
PERSON IS AUTHORIZED TO GIVE ARY 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
CONSEQUENTIAL 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

Features

Several levels of Extended Coverage are availabie on
industrial Products.**Comprehensive, Basic, Major
Components, Prime Power and Utility Load Management.
Major components, Prime Power and Utility Load
Management.

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.

Coverage Period

Emergency Standby Applications: Both Comprehensive
and Basic Extended Coverage are available for
gensets/systems used exclusively for emergency standby
applications, for & 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 availabie 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.

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 Appilications: 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
‘entical features contained in the Base Warranty, subject to
.ne 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

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 Switchgear —
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.

b

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 responsibie
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

except the cost of the failed warrantabie major compc?hent
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.

‘.imitations

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 appiy 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.

e

Onon

Onan Corporation
.400 73rd Avenue N. E.
Minneapolis, MN 55432
612-574-5000

Telex: 275477

Fax: 612-574-8087

= ——
& 1997 Onan Corporation Printed in USA

Gensets/systems must be régistered within the Base
Warranty period. See your Cummins/Onan distributor
for details.

10 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.
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Worldwide Distributor

Onon

Sales and Service Directory

The Cummins®/Onan® Distributor and Dealer Network - 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.

ciO

All Onan RV, Marine and Portabie Generators,
Engines and other consumer products. All Onan
and Cummins standby or prime power generator
sets, transfer switches, paralleling switchgear
and accessories.

0 .
All Onan RV, Marine and Portabie 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

Foliow these steps to resolve your service and warranty
concerms:

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 & 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 Onan 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.
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Maine

C/O Cummins Northeast, Inc.
Scarborough
Phone: 207-883-8155
Fax: 207-883-5526

Maryland

C/O Cummins Power Systems Inc.
Glen Burie
Phone: 410-590-8700
Fax: 410-580-8723

Massachusetts

C/O Cummins Northeast, Inc.
Dedham
Phone: 781-329-1750
Fax: 781-329-4428

C/O Cummins Northeast, inc.
Springfield
Phone: 413-737-2659
Fax: 413-731-1082

Michigan

C/O Standby Power, inc.
Grand Rapids
Phone: 616-281-2211
Fax: 616-281-3177

C/O Cummins Great Lakes, Inc.
fron Mountain
Phone: 906-774-2424
Fax: 906-774-1190

C/O Standby Power, Inc.
Redford
Phone: 313-538-0200
Fax: 313-538-3966

C/O Standby Power, Inc.
Saginaw
Phone: 517-249-1122
Fax: 517-249-8930

Minnesota

C/O Cummins North Central Inc.
St. Paul
Phone: 612-636-1000
Fax: 612-638-2442

Mississippi

C/O Cummins Mid-South, inc.
Jackson
Phone: 601-932-7016
Fax: 601-932-7399

Missouri

C/O Cummins Mid-America, LLC
Jopiin
Phone: 417-623-1661
Fax: 417-623-1817

C/O Cummins Mid-America, LLC
Kansas City
Phone: 816-414-8200
Fax: 816-414-8299

C/O Cummins Mid-America, LLC
Springfield
Phone: 417-862-0777
Fax: 417-862-4429

Montar:a

C/O Cummins Rocky Mountain, Inc.

Billings
Phone: 406-245-4194
Fax: 406-245-7923

C/O Cummins Rocky Mountain, Inc.

Great Falls
Phone: 406-452-8561
Fax: 406-452-9911

C/0O Cummins Northwest, Inc.
Missoula
Phone: 406-728-1300
Fax: 406-728-8523

Nebraska

C/O Cummins Great Plains Diesel,
Inc.
Keamey
Phone: 308-234-1994
Fax: 308-234-5776

C/0 Cummins Great Plains Diesel,
Inc.
Omaha
Phone: 402-551.7678
Fax: 402-551-1952

Nevada

C/0O GenPlus
Division of Cummins
Intermountain, Inc.
Elko
Phone; 702-738-6405
Fax: 702-738-1719

C/O GenPlus
Division of Cummins
intermountain, inc.
North Las Vegas
Phone: 702-399-2339
Fax: 702-399-7457

C/0 GenPlus
Division of Cummins
interrountain, inc.
Sparks
Phone; 702-331-4983
Fax: 702-331-7429

New Hampshire

C/O Cummins Northeast
Dedham, MA
Phone: 617-329-1750
Fax: 617-329-4428

New Jersey

C/O Cummins Metropower, Inc.
Newark
Phone: 201-491-0100
Fax: 201-578-8873

New Mexico

C/O Cummins Southwest, inc.
Albuguerque
Phone: 505-247-2441
Fax: 505-842-0436

C/0O Cummins Southwest, Inc.
Farmmington
Phone; 505-327-7331
Fax: 505-326-2948

New York

C/0O Cummins Metropower, inc.
Bronx
Phone; 718-892-2400
Fax: 718-892-0055

C/O Cummins Northeast, Inc.
Albany
Phone: 5§18-458-1710
Fax: §18-459-7815

C/O Cummins Northeast, Inc.
Syracuse
Phone: 315-437-2751
Fax: 315-437-8141

C/O Cummins Northeast, Ing.
Williamsville (Buffalo)
Phone: 716-631-3211
Fax: 716-626-0799

North Carolina

C/O Atlantic Power Generation
Chariotte
Phone; 704-588-1240
Fax: 704-588-3879

C/0 Cummins Atiantic, Inc.
Greensboro
Phone: 910-375-6909
Fax: 910-375-7879

C/0 Cummins Atiantic, inc.
Wilson
Phone: 919-237.9111
Fax: 919-237-9132

C/0 Emergency Generator Services
Division of Atiantic Power Gen.
Greensboro
Phone: 910-375-6909
Fax: 910-375-7879

North Dakota

C/O Cummins Diese! Sales, Inc.
Fargo
Phone: 701-282-2466
Fax: 701-282-2472

Ohio

C/O Cummins interstate Power
Cincinnati
Phone: 513-563-9303
Fax: 513-563-6898

C/0 Cummins interstate Power
Cleveland
Phone: 216-439-6800
Fax: 216-439-7390

C/O Cummins Interstate Power
Hilliard
Phone: 614-771-1000
Fax;: 614-771-0768

C/O Cummina Interstate Power
Hubbard
Phone: 330-534-1935
Fax: 330-534-5606

C/O Cummins Interstate Power
Maumee
Phone: 419-893-8711
Fax: 419-893-5362

C/O Cummins Interstate Power
Strasburg
Phone: 216-878-5511
Fax: 216-364-1433

Oklahoma

C/O Southemn Plains Power
Oklahoma City
Phone: 405-946-4481
Fax: 405-946-3336

C/O Southemn Plains Power
Tulsa
Phone: 918-234-3240
Fax: 918-234-2342

Oregon

C/O Cummins Northwest, Inc.
Bend
Phone: 503-389-1900
Fax: 503-389-1908

C/0O Cummins Northwest, inc.
Coburg
Phone: 503-687-0000
Fax: 503-687-1877

C/O Cummins Northwest, Inc.
Portiand
Phone: 503-283-0900
Fax: 503-286-5938

C/O Cummins Northwest, inc.
Pendelton
Phone: 503-276-2561
Fax: 503-276-2564

C/0 Cummins Northwest, Inc.
Medford
Phone: 5§03-779-0151
Fax: 503-772-2395

Pennsylvénia

C/O Cummins Interstate Power, Inc.
Pitisburg
Phone: 412-820-8300 -
Fax: 412-820-9137

C/O Cummins Power Systems, Inc.
Harrisburg Branch
Harrisburg
Phone: 717-564-1344
Fax: 717-558-8217

C/0 Cummins Power Systems, inc.
Bristol
Phone 215-785-6005 ©
Fax: 215-785-4728

Rhode Island

C/0O Cummins Northeast
Dedham, MA
Phone: 617-329-1750
Fax: 617-329-4428

South Carolina

C/O Atlantic Power Generation
Charleston
Phone: 803-554-9804
Fax: 803-745-0745

C/O Cummins Atlantic, inc.
Columbia
Phone; 803-799-2410
Fax: 803-779-3427

South Dakota
C/O Cummins Great Plains Diesel,
Inc.
Sioux Falls
Phone: 605-336-1715
Fax: 605-336-1748

Tennessee

C/O Cummins South, Inc.
Chattanooga
Phone: 423-629-1447
Fax: 423-629-1494

C/O Cummins Cumberiand, Inc.
Knoxville
Phone: 423-523-0446
Fax: 423-523-0343

C/O Cummins Mid-South inc.
Memphis
Phone: 901-345.7424
Fax: 901-346-4735

C/0O Cummins Cumberiand, Inc.
Nashville
Phone: 615-366-4341
Fax: 615-366-5683
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International
Regional Offices

Latin America

Onan Corporation

Latin American Region
3450 Executive Way
Miramar, Florida USA 3025
Fax: (954) 433-5830
Telephone: (954) 431-5511

Europe/Mid-East/Africa
Onan international Limited
Unit 44, Gaushway

Stamford, Linccs

England PE9 1XP

Fax: (44-1780) 481888
Telephone: (44-1780) 481666

Commercial Office

Onan Intemational Limited
Richborough Business Park
Ramsgate Road

Sandwich, Kent

England CT13 9NE

Fax: 44-1304-610450
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

Australia/S Pacific
Cummins Australia

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, 135-080

Fax: (82-2) 3452-4213
Telephone: (82-2) 34524113

Africa

C/0 Uniao
Hull Biyth & 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. Africa
Fax: (27-11) 8242770
Telephone: (27-11) 8244810

Ethiopia

C/O EBG
Addis Ababa
Fax: (251) 1 517953
Telephone: (251) 1
516339/519041

vory Coast

C/O Ste des Ets Lemercier & Fils
Abidjan
Fax: (225) 35 8562
Telephone: (225) 352522/350687

Liberia

C/0 Electromotor, inc.
Maonrovia
Telex: 44422 ELMOTOR LI
Fax: (231) 221141
Telephone: (231) 221950

Malawi

C/0Q Brown and Clapperton Group
Blantyr
Telex: 44120
Fax: (265) 670 442
Telephone: (265) 670 011

Morocco

C/O Autohall
Casablanca
Telex: 21639
Fax: (212) 231-8915
Teiephone: (212 ) 231-9056

Mozambique

C/O Brown and Clapperton Group
Blantyre, Malawi
Telex: 44120
Fax: (265) 670617
Telephone: (265) 670 011

Namibia

C/O Amalgamated Power
Engineering (Pty) Ltd.
Wadeville 1422 S. Africa
Location: 26 Nagington Road
Fax: (27~11) 8242770
Telephone: (27—11) 8244810

Nigeria

C/O Scoatrac Mosel
Lagos
Telephone: (234-14) 521931
Fax:

Senegal

C/O Matforce
Dakar
Telex: 21677
Fax: (221) 8233076
Telephone; (221) 8233040

South Africa

C/0O Amaigamated Power
Engineering (Pty) Ltd.
Wadevilie
Fax: (27-11) 8242770
Telephone: (27-11) 8244810

C/O Bittar Engineering Lid.
Khartourn
Telex: 22285 or 21137
BTR SD
Fax: (249) 11780102
Telephone: (249) 11771045

Zambia

C/O NEI Zambia Ltd.
Ndola
Fax: (260) 2 612756
Telephone: (260) 2 610729-30

Zimbabwe

C/O Cummins Zimbabwe (Pvt) Ltd.
Harare
Telex: 22245 CUMZIMZW
Fax; (263-4) 621880
Telephone: (263-4) 621880

Caribbean

Bahamas

C/0O Intemational Energy Co. Ltd.
Nassau
Fax: (242) 3254615
Telephone: (242) 323-6542

Dominican Republic

C/0 Argico, C. Por A
Santo Domingo
Fax: (809) 562—4233
Telephone; (809) 562—-6281

Tecnicaribe S.A.

Santo Domingo

Fax: (809) 567-1876
Telephone: (809) 565-8024

Haiti
C/O Societe Generale De Distribution,
S.A. (Soged)
Port-Au-Prince
Fax: 509-491-660
Telephone: 508—491550

Jamaica

O Appliance Traders Ltd.
Kingston ’
Fax: (876) 960-8439
Telephone: (876) 926-3370,

Puerto Rico

C/0 West India Mach. & Supply Co.
Santurce
Fak: (787) 7216192
Telephone: (787) 721-7640

C/0 Cummins Diesel
Puerto Nuevo
Fax: 787-793-1072
Telephone: 787-793-0300

St. Croix, U.S.V.L.

O Quality Electric Supply, Inc.
Christiansted
Fax: (809) 778-7653
Telephone: (809) 7734630

St. Maarten

O ElectecN. V.
Philipsburg
(Mobile Products Only)
Fax: (5995) 43319
Telephone: (5995) 70946/70225

Trinidad & Tobago

C General Diesej Ltd.
La Romaine
Fax: (809) 657-3927
Telephone: (809) 657-6351/5441

Industrial Agencies, Inc.
San Fernando

Fax: (809)625-6529
Telephone: (809) 657-8561

Central
America

Costa Rica

O Distribuidora Larce, S.A.
San Jose
Fax: (506) 255-2162
Telephone: (506) 221-1100

C  Servicios Unidos, S.A.
San Jose
Fax: (506) 250-5435
Telephone: (506) 250-5407

El Salvador

C/0 MAQSA.
San Salvador
Telex: 20507 SIMAC SAL
Telephone: (503) 293-1658, 1658

Guatemala

C/O Maquinariay Equipos, S.A.
Guatemala City
Fax: (502-4) 773928
Telephone: (502—4) 77-2746

Honduras

C/O Comercial Laeisz Honduras, S.A. |
Tegucigalpa
Fax: (504) 233-9531
Telephone: (504) 233-5615

C/0 Comercial Laeisz Honduras, S.A.
San Pedro Sula
Fax: (504) 556-9383
Telephone: (504) §56-6070

Nicaragua
C/O F. Alf. Pellas & Co
Managua
Fax: (505-2) 661060
Telephone: (505-2) 265-177,
265-193
Panama

C/O Grupo Tiesa
Paitilla, Panama
Fax: (507) 274-0809/0919

Telephone: (507) 274-0266

Europe

Belgium

O  Sim Belgium, BVBA
Ringlaan 36
(Mobile Only)
Fax: (32) 13-53-16-87
Tel: (32) 13-53-15-80

Croatia

O  Adria Univerzal d.o.o.
Rijeka
Fax; (385-51) 211059
Telephone: (385~51) 37911

Denmark

O Elano Odense A/S
QOdense (engines only}
Telex: 59602 ELANO DK
Fax: (45-66).170153
Telephone: (45—66) 17523

O Sim Holland, BV.
Gouda, Netherlands
Fax: (31-182) 253-9968
Telephone: (31-1820) 19855
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O C.S.C. (Communications Science
Corp.)
Nagoya
Fax: (81-52)202--1354
Telephone: (81-52) 231-6381

0O C.S.C. (Communications Science
Corp.)
Osaka
Fax: (81-6) 222-1781
Telephone: (81-6) 2037841

C/O 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-dong, 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: 2606—-5678

Taiwan

C/O Cummins Corp.
Taipei
Fax: (886-2) 2503-8441
Telephone: (886-2) 2515-0891

C/O Solomon Tech.
Taipei
Fax; 886 2 27888001
Telephone: 886 2 27888989

O Tritex Equipment Pte. Ltd.
Taipei (Mobile Products)
Fax: (886-2) 2758-2611
Telephone: (886-2) 2728-0754

O  Tritex Equipment Pte. Ltd.
Koasiung (Mobile Products)
Fax: (886~7) 321-3835.
Telephone (886—7) 316-4765
E Mail: tritex@ksts.seed.net.tw

C/O GFC Ld.
Taipei
Fax: (886—2) 25639767
Telephone; (886-2) 25511166

South &
S.E. Asia

Bangladesh

C/O Equipment & Engineering Co.
Ltd.
Dhaka
Telex: 642461 BEATCH
Fax: (880-2) 956-4333
Telephone: (880-2) 955-4357,
9554060

Cambodia

C/O Scott & English (Cambodia) Ltd
Phnom Penh
Kingdom of Cambodia
Fax; (855-23) 723741
Telephone: (855-23) 723741

india

C/O Cummins India Ltd.
Pune
Fax; 91-212-337125
Telephone: 91-212-336435

Indonesia

C/0 PT Alltrak 1978
Jakarta
Telex: 47760 ALLTRAK |A
Fax; (62-21) 7361977/
7363302
Telephone: (62-21) 7361978

LAO

Diethelm & Co. Ltd.

Vietiane

Fax: (856-21) 213423

Telephone: (856-21) 218231,
218211

Malaysia

C/0O Scott & English (M) SDN BHD
Kuala Lumpur
Telex: 30296 CUMKUL
Fax: (603) 703-5122
Telephone: (603) 705-1111

Maidives

O Tritex
Equipment (Pte) Ltd.
Telex: 35113 TAISCO RS
Fax: (65) 7601728
Telephone: (65) 7600888

Myanmar

C/O Myanmar Scott & English Co. Ltd
Myanmar
Telex: 21250
Telephone: (85-1) 524596

C/O Multilink int'l. Co. Ltd.
Yongon, Myanmar
Fax: (95-1) 681813
Telephone: (95-1) 681 753

Philippines
C/O Power Systems, Inc.
Manila
Telex: 42356 PSIMKT
Fax: (63-2) 531-1953
Telephone: (63-2) §31-5448,
531-2986,531-1945
Singapore
O Tritex Equipment (Pte) Ltd.
Singapore
Telex: 35113 TAISCORS
Fax: (65) 7601728
Telephone: (65) 7600888

E Mail: tritex@pacific.net.sg

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: (84-1) 575556
Telephone: (94-1) 573927
574651

E Mail: tpl@eureka.lk

Thailand

C/O Dietheim & Co Ltd
Bangkok
Telex; 20247 DITHELM TH
Fax: (66-2) 253-5560
Telephone: (66~2) 2544900

E Mail: dcleng@loxinfo.co.th

Vietnam

C/0O Diethelm & Co. Lid. Engrg.
Ho Chi Minh City
Fax: (84-8) 8231-177
Telephone: (84-8) 8294-102,
8294-103

C/0 Diethelm & Co. Ltd. .
Hanoi
Fax: 84—4-8318492
Telephone: 84-4—8318495/6/7

South America

Argentina

O Baron, S.R.L. (Marine Only)
Buenos Aires
Fax: (54-1) 746-1696
Telephone: (54~1) 746-9600

O Suliair Argentina S.A.
Buenos Aires
Fax: (54-1) 303-0626
Telephone: (54-1) 303-3570
303-0621, 301-0023
Bolivia
C/O Dicsa Bolivia SA.
LaPaz
Fax: (5912) 8112461
Telephone: (5912) 432060

C/O Magquinarias Automotoresy Serv.
LaPaz
Fax: (5912) 322550
Telephone: (5912) 379650,
366384

Brazil

O Hanseatica Estaleiras Ltda.
Guaruja-SP. (Marine Only)
Fax: (55-133) 552212
Telephone: (55-133) 557030

O El Capitan
O.R.De QOliveira & Cia. Ltda.
Manaus
Fax: (55-92) 232-6753
(55-82) 622-4242
Telephone: (55-92) 234-0589

O Stemac S/A
Porto Alegre/RS
Fax: (5551) 3371010
Telephone: (6551) 3422822,
3373500

Chile

C/0 Distrib Cummins Chile S.A.
Santiago
Fax: (56-2) 671-7211
Telephone: (56-2) 688-2113

Colombia

C/0O Cummins de Colombia S.A.
Barranquilia
Fax: (5753) 474090, 473111
Telephone: (5753)
34752551/3473111

C/O Cummins API Ltd.
Bogota
Fax: (57-1) 6276590
Telephone: (57-1) 258-2051

C/O Cummins De Los Andes S. A.
Bogota
Fax: §71-228-2983
Telephone: 571-440-7645

C/O Cummins API, Ltda
Bucaramanga
Fax: (57-76) 468061
Telephone: (57-76) 468060

C/0 Equipos Tecnicos Ltda.
Medellin
Fax: (57-4) 2554104
Telephone: (57—4) 2554200

C/O Equipos Tecnicos Ltda. C.Q.R.
Pereira
Fax: (57-63) 361173
Telephone: (67-63) 366341

260481

C/O Equipos Technicos Lida. C.Q.R.
Cali
Fax: 57-2-4-421798
Telephone: 57-2-4422-422

Ecuador

O Redelec Cia, Ltda.
Guayaquil
Fax: (593-4) 286772
Telephone: (593-4) 382330

C/O indusur S.A. Motores
Guayaquiil
Telex: 42478
Fax: (593—4) 201052
Telephone: (593—4) 201177/

C/O Rectificadora Botar, SA.
Quito
Fax: (593-2) 458-031
Telephone: (593-2)
465-176, 177

Paraguay
C/O Automotores y Maquinaria S.R.L.
Asuncion
Fax: (595-21) 496706
" Telephone: (595-21) 493111/

Peru

C Dicsa Peru S.A.
Lima
Fax: (511) 3264954
Telephone: (511) 326-4957

O Boart Longyear S.A.
Lima
Fax: (511) 263-029¢8
Telephone: (511) 263-0608

Uruguay
O SelerSA.
Montevideo
Fax: (5982) 2095716
Telephone: (5982) 481790,
490457, 426529

Venezuela

C/O Cummins Motrix C.A.
Tumero
Fax: (5844) 635911
Telephone: (5844) 463-2433

South Pacific

Australia

C/0 Cummins Diesel Sales & Service
Lansvaie, New South Wales
Telex: 120830 CDSS
Fax: (61-29) 7269096
Telephone (61-29) 728~6211
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Diesel engine exhaust and some of its constituents are known
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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.

This symbol refers to a hazard or un-
safe practice which can result in severe per-
sonal injury or death.

This symbol refers to a hazard or un-
safe practice 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 compartment.
Fuel contact with hot engine or exhaust is a potential
fire hazard.

e 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.

e 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. Visually and audibly inspect
the exhaust daily for leaks per the maintenance
schedule. Make sure that exhaust manifolds are se-
cured and not warped. Do not use exhaust gasesto
heat a compartment.

e Be sure the unit is well ventilated.

* Engine exhaust and some of its constituents are
known to the state of California 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 from
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, efc.

e Donotwearloose 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.

® [f 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 a diesei-powered genset where a flammable va-
por environment can be created by fuel spill, leak, etc.,
uniess 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 autho-
rized Onan/Cummins dealer or distributor for more in-
formation.

LS-12
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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 points for fuel, exhaust, ventilation, and
cooling.

Electirical Connections — Location of electri-
cal connection points for the 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-
mation for 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-
fication and product data sheets. For application in-
formation, refer to Application Manual T-030, “Lig-
uid Cooled Generator Sets”.

1-1
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2. Specifications

MODEL 35 DGBB 40 DGBC 50 DGCA 60 DGCB

Engine

Cummins Diesel Series 4B3.9 4B3.9 4BT3.9 4BT3.9
Generator (Standby Rating) :

3 Phase, 60 Hz (Standby/Prime) 35/32 kW 40/35 kW 50/45 kW 60/55 kW

(kVA @ 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 @ 0.8 PF) (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 51t (1.525 m) 5 ft. (1.525 m) 5. (1.525 m) 5 ft. (1.525 m)
Exhaust

Outlet Size _ 3inch O.D. 3inch O.D. " 3inch O.D. 3inch O.D.

Max. Allowable Back Pressure 41 inch HO 41 inch HxO 41 inch H,0 41 inch HxO
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 Cranking Amps 625 625 625 625
Cooling System

Capacity with Standard Radiator 5.5 Gal 21 L) 5.5Gal (21 L) 5.5 Gal (21 L) 5.5 Gal (21L)
Lubricating System

Oil Capacity with Filters 12 Qts (11 1) 12Qts (11 L) 12 Qts (11 L) 12Qts (11 L)

Oil Type*

* Refer to Cummins engine Operation and Maintenance Manual for lubricating oil recommendations/specifications.




MODEL 125 DGEA 150 DGFA 175 DGFB 200 DGFC
Engine
Cummins Diesel Series 6CT8.3 6CTA8.3 6CTA8.3 B6CTAAB.3
Generator (Standby Rating)
3 Phase, 60 Hz (Standby/Prime) 125/113 kW 150/135 kW 175/160 kW 2004180 kW
(kVA @ 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 @ 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 5ft. (1.525 m) 51t. (1.525 m) 0.18 O.D. Tube
51t. (1.525 m) 5ft. (1.525 m)
Exhaust
Outlet Size 4 inch O.D. 4inch O.D. 4 inch O.D. 4 inch O.D.
Max. Allowable Back Pressure 41 inch H,O 41 inch H,O 41 inch H,O 41 inch HoO
Electrical System
Starting Voitage 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 Cranking Amps 900 - 900 900 800
Cooling System
Capacity with Standard Radiator | 6.8 Gal (26 L) 7.5Gal (281L) 7.5 Gal (28 L) 6.8 Gal (26 L)
Lubricating System
Oil Capacity with Filters 20 Qts (19 L) 20 Qts (19 1) 20 Qts (19 L) 20Qts (19 L)
Oil Type*
* Refer to Cummins engine Operation and Maintenance Manual 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. 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 of the 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:

e 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

Vibration 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.




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 alternate 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 fiex-
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.

Never use galvanized or copper fuel
lines, fittings 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 [ Al models require a fuel retumn
RETURN LINE line from injectors to tank.
VENTED
FILL CAP CONNECT TO
AC OUTPUT
INLINE FUEL
SCREEN
ENGINE = VENT LINE
FUEL PUMP | = e /
DAY TANK = FLOAT
SWITCH J FILL PIPE
FUEL TRANSFER
PUMP - ELECTRIC SUPPL
MOTORDRIVEN || LINE
LARGER r/ & ﬂ
OVERFLOW "
LINE H
"
E: FUEL TANK
3t
:J'

FIGURE4-1. TYPICAL FUEL SUPPLY INSTALLATION



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.

Inhalation of exhaust gases can re-
sult in severe personal injury or death. Use ex-
treme care during installation to provide a tight
exhaust system. Terminate exhaust pipe away
from enclosed or sheltered areas, windows,
doors and vents.

Use an approved thimble (Figure 4-2) where ex-
haust pipes pass through wall or partitions. Refer to
NFPA 37, Section 6-3. “Stationary Combustion En-
gines and Gas Turbines” for accepted design prac-
tices. Build according to the code requirements in
effect at the installation site.

[AWARNING] 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 walis or par-
titions.

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 for the 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.

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.

4-3
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FIGURE 4-2. MOUNTING EXHAUST THIMBLE




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-
ings restrict 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-
diator and 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.

4-5

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-
duces noise levels without forcing dependence ona
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.



5. DC Control Wiring (PCC)

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 to terminal 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-
tery charger, etc. are attached to TB1. Referto PCC
Customer Connections diagram in Section 12.

TB1 Wiring

Always run control circuit wiring in
a separate metal conduit from AC power cables
fo avoid inducing currents that could cause
problems within the control.

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:

e 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
specifications.

Network Connections: Refer to Onan 900-0366
PowerCommand Network Installation and Opera-
tion manual for the type/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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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.)

Stranded copper wire must be used
for all customer connections to the control pan-
el box. Solid copper wire may break due to gen-
set vibration.

The type/gauge wire to use for these connections
are:

¢ Less than 1000 feet (305m), use 18 gauge
stranded copper wire.

¢ 1000 to 2000 feet (305 to 610m), use 16 gauge
stranded copper wire.

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.

HAZARDOUS VOLTAGE Touching
uninsulated high voltage parts inside the con-
trol panel box can result in severe personal inju-
ry or death. Control wire installation 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.
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FIGURE 6-2. AUXILIARY RELAY BOARD (ARB)
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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
(TB1-4) 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:

e 7 amps maximum with electronic governor.

e 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.

HAZARDOUS VOLTAGE Touching
uninsulated high voltage parts inside the con-
trol panel box can result in severe personal inju-
ry or death. Control wire installation must be
done with care to avoid touching uninsulated
live parts.

For your protection, stand on a dry wooden plai-
form or rubber insulating mat, make sure your
clothing and shoes are dry, remove jewelry and
use tools with insulated handles.

TB1
5 GROUND
4 REMOTE
3 B+

2 SWITCHED B+

1 SWITCHED B+

CONTROL BOX

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
cabies (negative [] first) to prevent accidental start-
ing while working on the set.

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.

Accidental starting of the generator
set while working on it can cause severe per-
sonal injury or death. Prevent accidental start-
ing by disconnecting the starting battery cables
(negative [-] first).

Make certain battery area has been well-venti-
lated before 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 metal part of the set. Aiways 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.

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 death.

Connecting the genset AC electrical system in-
volves:

» Installation of transfer switch (standby service
only) '

e Generator voltage connections
¢ Load 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 thatthe
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.

Improper wiring can cause a fire or
electrocution, resulting in severe personal inju-
ry or death 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.

Backfeed to utility system can
cause electrocution or property damage. Do not
connect to any building electrical system ex-
cept through an approved device and after
building main switch is opened.




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 iower 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 instaliation. 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 voitage
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 specific 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.

Reconnecting factory connected
generator sets 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 volitage.

Reconnecting factory connected
generator sets 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

Fiexible 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

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-
ance the loads so the current flow from each line ter-
minal (L1, L2 and L3) is about the same. This is es-
pecially important if both single phase and three
phase loads are connected. Any combination of sin-
gle phase 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-
ceeds the nameplate rating of the generator. Check
the current flow from each line after connections by
observing the control panel ammeter.

Current Transformers

Current transformers (CT's) are required on gen-
sets that contain AC meters. The CT’s 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 Installation 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 CT's 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.)




CONTROL HEATER (OPTIONAL)

A control heater (Figure 8-3) provides a means of
humidity /temperature conirol of the control box in-

terior. 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
A40-TB1-36 & 37 (DETECTOR CONTROL)
(PCC CON@OL)

5
]

||

|

[

[

o

Pl

]

I

[

L

[ I
LE'JJH—EI_:———IZ‘I—-—'-———_:JW—,_T __________________ |

/ BOTTOM VIEW OF
CONTROL BOX
HEATER

FIGURE 8-3. OPTIONAL CONTROL HEATER
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GENERATOR HEATER (OPTIONAL)

A generator heater(s) is used to help keep the gen-
erator free of condensation when the generator set
is not running. During cool and humid conditions,
condensation can form within a generator, creating
flashing and shock hazards.

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 heater(s) 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.

HEATER

HEATER
TERMINAL BOX
(VIEW AA)

FIGURE 8-5. TYPICAL GENERATOR HEATER INSTALLATION



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 TB1-6 and TB1-7 in the control box
and connect one between terminals
TB1-5 and TB1-6 and the other between
terminals TB1-7 and TB1-8.

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 between

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 TB1-6, and TB1-7 and TB1-8
in the control box and connect the two
jumpers between terminals TB1-6 and
TB1-7.

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.

H2 and H4. See ltem 2 above.
P103-GND
’— P103-4
AC (240V) - ol D193 TWHITE
EARTH GND ————— | | ' P13
NEUTRAL (120V) |
(120/240V) ——
' ' Si+ 7| USED W/0
———GND _J TRANSFORMER
| 23I4éé7I8 9IOIIl2|314|5l61718l9202!
| ' ] Il
s2l0@e/edeleee@eepR@o0eee
| ] |
oL T Ty L
olo |o 3|8 S| g
= 58 8 x |0 8) %)
00000000600)| Y Ja
J6 [ 5
|OOOOOOOOOOOOO] |
J3 : °e
o} [ o}
| PCB ASSY-DAYTANK 300-3464

FIGURE 8-7. 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 Checklistin
Section 11.

ELECTRICAL SYSTEM

Verify all electrical connections are secure and all
wiring is complete and inspected. Replace and se-
cure any access paneis that may have been re-
moved during installation.

Battery Connections

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.

Service the battery as necessary. If an automatic
transfer switch is installed without a built-in charge
circuit, connect a separate battery charger. A bat-
tery charger is required when the PowerCommand
control is set to the Power On (awake) mode.

Ignition of explosive battery gases
can cause severe personal injury. Always con-
nect battery negative last to prevent arcing.

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 arcing, sparking, smok-
ing, etc.. Ignition of these gases can cause se-
vere personal injury.



O<
B

O<
O<

O<
O<

O<
O<

O<
O<

O<
O<

W<
O<

O<
H<

O<
O<

ADJUST MENU

ENGINE GEN |>0O
ADJUST s> >0
f vOLTAGE |
4 >> |[>H
T FREQUENCY O
i} >> |>
f START DELAY 0O
|| SEC >> |>B
T STOP DELAY O
4 SEC >> |>H
1 IDLE SPEED 0O
U RPM >> >l
SAVE 0O 0O _| CHANGES SAVED
EXIT >> >0 :'I< EXIT >>
. .
[ ] []
[ ] ]
' » O _| CHANGES SAVED
' Hi<| sxiT >>
L
1]
[ ]
[}
SAVE O O<| ENGINE GEN
EXIT >> [>] L[l<| ADJUST >>
.
»
SAVE 0O 0O<| Tt voLrage
EXIT >> >l [<l | >>

O<| ENGINE GEN (>0
<| ADJUST >> >0
O<| T VOLTAGE a
<| { >> |>0O

[ - - - - Indicates “OR” Condition |

FIGURE 9-1. ADJUST MENU
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10. Prestart Preparation (Detector/Sentinel)

GENERAL

Before attempting the initial start of the generator
set, be sure to complete the Installation Checklistin
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
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 a built-in charge
circuit, connect a separate battery charger.

Ignition of explosive battery gases
can cause severe personal injury. Always con-
nect battery negative last to prevent arcing.

Be sure battery area has been well-
ventilated prior to servicing near it. Lead-acid
batteries emit a highly explosive h ydrogen gas
that can be ignited by arcing, sparking, smok-
ing, eftc.. Ignition of these gases can cause se-
vere personal injury.

STARTING

Refer to the generator set Operator’smanual forim-
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.



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.

OOo000ooo

GENERATOR SET SUPPORT

D Fioor, 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. :

D 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.

D Supporting base is large enough - extends 12-inches all around set.

COOLING AIR FLOW

D Generator set air inlet is faced into direction of strongest, prevailing winds.

D Air inlet openings are unrestricted and at least 1-1/2 times larger than air outlet area.

D Cooling air outlet is on downwind side of building (if not, wind barrier is constructed).

I:] Proper ducting material (sheet metal, canvas) is used between radiator and air outlet.

DIESEL FUEL SYSTEM

D Fuel tanks meet or exceed all Local, State or National codes.
D Fuel lines are properly installed, supported and protected against damage.

Flexible fuel line is installed between main fuel supply line and generator sét 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.

D 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.

D No fuel leaks are found in supply line or engine fuel system.

11-1
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Section 7

GEAR REDUCERS AND
DRIVE BULLWHEELS




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:  1SO 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 GX80 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
Reducers & Drive BW




T/ZT 135-246
Stirnrad-Schmalgetriebe
Z.. = Abtriebshohlwelle

T/ZT 135-246
Compact helical gear reducers
Z.. = hollow output shaft
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Checking the Oil Level

Check oil at the sight gauge visible through the hole in the gearbox plate. Oil level shouid
be near the middle of the glass

Draining
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.

o Pourin alittle fresh oil to clear away any residues; drain off.
o Close the drain cock.
Filling

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 detension 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 buliwheel.

Aligning the Haul Rope in the Bullwheel

With the use of the guide sheaves, raise or lower the haul rope entering and exiting the

buliwheel 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 1%" (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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Manual no. 742
Omega and Omega T - Drive Bullwheel Brakes

3.8 Spare Parts

‘\
\" ‘*\\\ \.- Al

- \*%
R

24-1 —

\;,
24-2 R,
282 7 W
24-3__—
R
D : hydraulic unit
Rep Poma Ethywag Part description
reference reference
units
1201 554 SH 907-3 1 accumulator and 3 solenoid valves
1 1101309 PA 05 @312 hand-operated pump, with :
la 1011 634 RBI1F 0.1 bar check valve on lifting side
1b 1103382 | RVV 8 LRWD | 1 bar check valve on forcing side
2 1101 311 | BHB 500 706.1 | discharge valve
3 1101 023 UC 1681 dia 63 0-400 bars pressure gauge
4 1101310 |BHB 500 706.1 | isolation valve
5 1101 633 XCK M110 safety switch (drawing G)
7 1 100 576 GS2.0 24 V DC solenoid valve
8 1103 383 |SRVZ 8 LRWD | non-return valve (1 bar)
9 1 100 581 MVP 14 H pressure relief valve
10 1103 617 CR 15 suction basket
11 1103616 | PA03.00 312 | 0.64 /mn RM pump
12 1 102 009 LS71L2 B5 1500 rpm 0.37 kw motor - 220/380V - 50 Hz
1102 987 B35 1800 rpm 0,37 kw motor - 460V - 60 Hz
1 102 055 motor fan
15 1 100 581 MVP 14 H pressure relief valve
16 1011 636 n°0,5 jet
17 1101 634 AS 0,2 400b 100 bars inflated Leduc accumulator
242 | 1103384 oil level
1 100 692 copper gashets set

mMi15




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 Data, 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.
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Maintenance of Bullwheel 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

ANNUALLY

Check oil level in reservoir.

Pump brakes up to braking preséure (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.

Pull test brakes to at least minimum test value listed in Section 1.
Adjust if necessary

Relubricate Schnorr washer frlctlon 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
YEARS

Replace Schnorr washers and perform annual maintenance as specified
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.
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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.
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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 a pre-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.
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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. 1 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
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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 bullwhee! 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 siow activation.

- Unscrew (8) to speed up activation.
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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).
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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.
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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). A back-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%. 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 hydrauiic 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.
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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: Al 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
2/3 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 allen 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.
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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

|
[ FIGURE 9-1

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) 4-6in 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) 4-6in 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 3/8in center of pin to center of pin
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CARRIAGE MOUNTED LIMIT SWITCHES

FIGURE 9-2

d

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 2in above the mark.

- Dock the cabin at the drive and completely unload it. Adjust the top switch 2in 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
10 HOURS

Check the filter element as follows:
- 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

AFTER EVERY
1000 HOURS

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.

Change filter element.

AFTER EVERY
1000 HOURS or
2 YEARS

Empty hydraulic reservoir and refill with new hydraulic oil.

NOTE: NEVER MIX DIFFERENT BRANDS OF OIL.

Section 9: 1999
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1.0 Introduction

Congratulations, on the purchase of your TEI Engineered Products, Inc. Hydraulic Power Unit (HPU). In
addition to the HPU, you have also received access to these additional benefits:

Factory Trained/Certified Technicians:

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.

Large 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 Training:

New systems always work as designed, but later after warranty runs out and repairs are needed we are
certainly available to assist with service or 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.

1.1 Unpacking and 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 no damage has occurred during freight. If you
discover damage has occurred, take a photograph of the damaged area and notify the freight carrier
immediately.
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1.2 Warranty and Service

TE! Engineered Product, Inc. (TEI) warrants the equipmient or parts supplied by TEI against defects in design
material and workmanship for & period of twelve (12) months from date of shipment from TEL If the original
purchaser, within twelve (12) months of original shipment by TEL reships the product as 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 for a period equal to six (6) months, whichever is.
longer. Repairs made outside the warranty period will be warranted against defects in material and workmanship 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 and 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 nature 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 for 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 bilied at the applicable rate then prevailing for services of TEI personnel. Serviceman travel
-time, transportation and living costs are the sole responsibility of the purchaser and will be billed at a rate of 10%
above actual costs incurred. Replaced equipment or parts become the property of TEL '

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 TEL but not manufactured by TEL

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 as 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 service.

THE WARRANTIES, RIGHTS AND REMEDIES SET FORTH ARE EXCLUSIVE AND IN LIEU OF ALL OTHER
WARRANTIES, REPRESENTATIONS, CONDITIONS, RIGHTS AND REMEDIES WITH RESPECT TO THE
EQUIPMENT, EXPRESS OR IMPLIED OR STATUTORY OR OTHER WISE AND WHETHER WRITTEN OR
ORAL, AND ALL OTHER WARRANTIES, REPRESENTATIONS, CONDITIONS, RIGHTS AND REMEDIES,
INCLUDING, BUT NOT LIMITED TO , ANY WARRANTY OF MERCHANTABILITY, DURABILITY OR
FITNESS FOR A PARTICULAR PURPOSE, ARE HEREBY EXPRESSLY DISCLAIMED, EXCLUDED AND
WAIVED BY PURCHASER TO THE FULLEST EXTENT PERMITTED BY LAW.

EXCEPT TO THE EXTENT SPECIFICALLY SET FORTH IN THIS LIMITED WARRANTY, TEI SHALL NOT BE
LIABLE AND DISCLAIMS ALL LIABILITY FOR CONSEQUENTIAL DAMAGE OR INJURY (FATAL OR
OTHERWISE) OF EVERY KIND ( WHETHER CLASSIFIED AS DIRECT, SPECIAL, INDIRECT, INCIDENTAL
OR CONSEQUENTIAL DAMAGES).

Correction of non-conformities in the manner and for the period of time provided above shall be purchaser's
exclusive remedy and shall constitute fulfiliment of all liabilities of TEI, whether in warranty, contract, negligence,
tort or otherwise with respect to the quality of the equipment.

TEI shall not be responsible for providing working access to the defect, including disassembly and re-assembly of the
equipment or for providing transportation to and from repair facility, all of which shall be at purchaser’s expense.
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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.

1.4 Introduction to the HPU

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

2.1 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 selected, the oil temperature should range from 120° to 140° F.
Check your oil temperature occasionally with a thermometer, or by simply placing your hand on the
reservoir. At 120° F it is uncomfortable to leave your hand on the reservoir for more than two or three
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
of NAS 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 SOLID CONTAMINATION CLASSIFICATION SYSTEMS

NATIONAL AEROSPACE STANDARD (NAS) 1683

. CLASS
00 0 1 2 3 4 s 6 7 8 [} 10 11 12

5-15um 125 | 250 | 00 | 1000 | 2000 | 4000 | 8000 16000 | 32000 | 64000 | 128000 | 256000 | $12000 | 1024000
PARTICLE | 15-25um 2| 4 8 | 178 56 | T2 | 1425 2850 | 5700 | 11400 | 22800 45600 91200 | 182400
SIZE 25-50um 4 3 16 32 63 126 253 506 1012 [ 2025 4050 8100 16200 32400
RANGE 50-100ym 1 2 3 6 11 2 45 90 180 360 720 1440 2880 760
>100um | 0 0 1 1 2 4 8 16 12 64 128 256 512 1024
MAXIMUM | >5, 152 | 304 | 609 | 1217 | 2432 ] 4864 | 9731 | 15462 | 38924 | 77849 | 155698 | 311396 | 622792 | 1245584
PARTICLES | >15um 27 | 54| 109 | 217 | 432 | Bs4 | 1731 | 3462 | 6924 | 13849 | 27698 | 55396 | 110792 | 221584
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1SO: DIS 4406; SAE J1165

. 1SO SOLID CONTAMINANT CODE
88 9/6 107 /8 | 129 1310 14/11 1512 16113 17/14 1v18 19/16 2017 21118 2219
A | >5um 250 500 | 1000 | 2000 | 4000 8000 16000 32000 64000 | 130000 | 250000 | 500000 1000000 2000000 4000000
PART. | >15um 32 64 130 250 300 1000 2000 4000 8000 16000 32000 64000 130000 250000 500000

NOTE: ALL MEASUREMENTS ARE FOR A 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 Filtration

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
17/14. 1t 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.

WARNING 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 de-rated to 500 hours/1.5 months.

2.3.1 Element Installation Instructions

SPIN-ON CANISTER TYPE FILTERS

Make sure filter’s rubber gasket is seated in place.

Clean and inspect gasket contact surface on filter head

Lubricate filtér gasket with clean hydraulic fluid.

Use no tools. Install by hand until gasket contacts mounting base - then tighten 1/2 turn (14 &-Ib).
Run system: Check for leaks, let 5 minutes elapse, and check again. _
Check reservoir oil level.

S s W~

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 environmentally 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.
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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 O-Ring with clean hydraulic fluid.

Reverse above instructions for re-assembly

Function system to expel air and check filter for external leaks

Check reservoir oil level.

o N

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 been designed to accomplish a function. The specifications to this particular HPU are:

Comp Il

HYDRAULIC SPECIFICATIONS PRIME MOVER SPECIFICATIONS

Maximum System Pressure: | 3000 psig Prime Mover Type: Electric
Normal Operating Pressure | 1723 psig Horse Power: 3

Maximum Flow: 2.25 GPM Voltage: 208-230/ 460
Normal Operating Flow: 2.00 GPM Shaft Speed (RPM): 1740
Mini-Evac

HYDRAULIC SPECIFICATIONS PRIME MOVER SPECIFICATIONS

Maximum System Pressure: | 2500 psig Prime Mover Type: Internal Comb.
Normal Operating Pressure | 2000 psig Horse Power: 25

Maximum Flow: 20.0 GPM Fuel: Gas — Unleaded
Normal Operating Flow: 10.0 GPM Shaft Speed (RPM): 1250 - 3000

NOTE: See Specifications sections for more detailed information on the individual components

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. Al
personnel should be clear of any dangerous areas BEFORE any start-up. All guards and protection
devices should be in their 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 Installation 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.

REV: 0
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| 1 WARNING Warranties are not valid unless proper starting and maintenance procedures 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 procedures:

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 transported 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

Check fluid levels.

Open bypass valve.

Start engine: allow engine to warm up 2 to3 minutes at fast idle.

Make sure stroke control is in neutral and slowly close bypass valve,

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

DR WN -

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.

] ! WARNING Warranties are not valid unless proper starting and maintenance procedures are followed.—l

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 shutdown 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,
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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
year.

Check bolts and linkages and tighten/adjust as needed.

Check and clean air filter. Wash in warm soap water and carefully dry.

Check battery connections and clean/tighten as necessary.

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.

NN

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 p (micron) filter cart. 3 u (micron) filtration should be used on servo valve
systems.

Keep fittings tightened.

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 air
breathers regularly. Ensure that no foréign material enters reservoir when adding oil.

Lubricate all grease zerks regularly if applicable.

Check system regularly for overheating. Seal damage may occur over 165° F.

Keep HPU clean.

The three most important indicators of where trouble points are located are Heat, Noise and Leakage

bt

R

If problems or questions arise, call:

TEI ENGINEERED PRODUCTS, INC.
Phone (303) 693-1491
Fax (303) 680-7577
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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 particular hydraulic circuit.

SYMPTOMS CAUSES REMEDIES IN THE FIELD
Noisy Pump - Cavitation Larger suction strainer.
Larger suction line.
Use oil of lower viscosity
Restricted Suction Clean suction strainer

Air leak at intake pipe connection

Air leak at pump shaft seal

Air drawn into system from reservoir

Worn valves, vanes, pistons, gears

Sticking valves or vanes-

Tighten suction line fittings.

Pour oil over joints with pump
running and 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 worn parts. Replace filters

Check for impurities or metal.
particles in oil.
Clean filters

Excessive heating of pump

“Internal pump leakage

Relief valve set above compensator

Internal leakage caused by thin oil

Insufficient clearance of moving

. parts

Renew worn parts, such as gears,
vanes, pistons, valves, etc.

Set relief valve 250 psi above
compensator setting

Use heavier bodied oil.

Check pressure relief valve setting.
Check pressure relief valve for
leakage

Check assembly of pump parts

Diminished or insufficient delivery
of pump

Prime mover not at correct speed

Pump parts worn out, or system
bypassing oil

Check prime mover RPM

Renew worn parts
Check orifice in relief valve

Erratic & sluggish operation

Air trapped in pilot lines
Oil viscosity to high or insufficient
input power

Bleed pilot lines
Use lower viscosity oil

Diminished delivery pressure of
pump

Short circuit in pump, or system
bypassing

Check seal between inlet and outlet
ports of pump.
Check orifice in relief valve.

Low or no pressure in system

Relief valve jammed or orifice

plugged
Low oil level

Re-set pressure settings after
cleaning relief valve,
Add oil to reservoir

Fluctuating pressure

Air or water in system

Check seals and pipe connections.
Check for jams or obstructions in
system (collapsed hose/tube?)

Erratic movements

Insufficient oil in system or improper
kind of oil. Water or air present

Check vent valve.
Check oil level,
Test oil.

REV:0
SAJ: 06704198

10



Maximum pressure below

Relief valve not functioning

Check poppet for sticking and spring

expectations properly. Internal pump leakage for proper adjustment.
Excessive frictional losses in system.  Move HPU closer to hydraulic
Qil velocity too high components.
Use larger lines on machinery.
Frequent leaks in lines Cavitation Larger suction strainer,

- Decompression shocks

Vibration in the machine

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

Overheating of oil. (Efficient normal
operating temp is about 120° to 140
o F)

Too much oil discharging over relief
valve.

Insufficient oil or oil level too low
High pressure held too long

Oil too light '
Obstructions or restrictions to flow
of oil in pump lines

Check relief valve 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 worn.

Check back pressure valve for high
pressure.

Excessive internal leakage in the
system

_Oil too light, valves, pumps womn
out,

Check clearances.
Use heavier oil if leakage is still
excessive.

Irregular, erratic or uncertain feeds

Pumps, valves worn out

Low external pilot pressure

Check for excessive internal leakage.
Check kind of oil used; use oil
recommended

Check external pilot pressure.

Slow acting machine

Starting temp. of oil (too cold)

Oil too heavy causing excessive
frictional resistance in system
Oil too thin causing excessive
internal leakage.

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

Jerky operation of working cylinders,
motors, etc.

Friction in seals/ways

Air in system
Improper adjustment of control
valves

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 valving to proper
setting

Rapid traverse and reversing valve
troubles

Worn/broken components

Check for broken springs.
Valve plunger depressed to far.
Cams and/or rollers worn.
Valve remaining partly open.

Acceleration too slow

Low volume set on pump

Relief valve set too low

Set volume adjustment to proper
setting,
Check relief valve setting.

Acceleration too fast

High volume set on pump

Relief valve set too high

Set volume adjustment to proper
setting
Check relief valve setting

3 and 4 - way valve troubles.

REV:0
SAJ: 06/04/98

Worn out parts/seals, broken parts

9

Excessive wear of spools or body.




Overheating of solenoid operated Broken springs.
valves; indicated by hum or buzz Leaky seals.
) Binding resulting from varnish
coating,-Polish spool or poppet.
Check valve troubles Worn seat Check condition of valve seat.
If worn or ball of poppet is in poor
conditions, reseat new ball or replace
Flow control valve troubles Dirty oil or worn parts Pressure compensator binding
. caused by dirt,
Plungers worn. B
Clean orifice, polish spool
Metering valve not functioning Dirty oil Dirt lodged in eccentric grooves or
properly orifice. Clean oil
Needie valve won't control or shut Worn parts Needle worn - regrind and relap, or
off replace
Fluctuating pressure of relief valve Worn parts Relief pressure control spring(s).

Check for proper adjustment.
Clean orifice.
Check pilot cone.

Pressure reducing valves trouble

Improper adjustment/ broken spring

Set correctly.
Check drain line.
Check for broken springs.

REV:0
SAJ: 06/04/98
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7.0 Specifications

The foliowing pages contain hydraulic schematics and general arrangement drawings of the integral
Mini-Evac / Comp II.

REV: ¢ .
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MISSION STATEMENT

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.

TEI
PRODUCTS

INCORPORATED

6920 So. Jordan Rd., Suite C. e Englewood, CO 80112
(303) 693-1491 « FAX (303) 680-7577
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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 12 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 10: 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 Bullwheel/Carriage

® @ 9 @

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 bullwheel.

Deflection Sheaves

Check tightness of nuts, bolts and hardware.

L]

» 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.

o 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.)

o Verify smooth operation when cabin docks.

o 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 10: 1999
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Return Terminal

Maintenance
Frequency | Maintenance Activity
WEEKLY - Bullwheel 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 1*'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 480 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
buliwheel of personnel and equipment and run the lift for.one compiete round trip of
the cabin. Repeat the greasing procedure. (See Drawing 3038.411)

Charger Socket

Visually inspect for integrity (spring, bolts, etc.)

Verity 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 11: 1999
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Section 12

LINE EQUIPMENT
AND TOWERS




Description

Line Equipment & Towers

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.

Section 12: 1999
Line Equipment & Towers

Maintenance

‘Frequency Maintenance Activity

DAILY Check for proper alignment and correct if necessary.
Check for loose or broken parts.

MONTHLY Check saddle axle

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 worn 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.




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 saddies and grease saddies with Shell SHC 460 grease.

PER YEAR

EVERY All axies 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” in
section 1 of this manual for appropriate rigging loads. To lift off the cable, proceed as
follows: ;

o Use a "Tirfor" type hoisting winch or a come-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 39-1/2in
spreader bar to keep slings in 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.

« Tolift 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.

| Fiqure 12-1 |

Sectign 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 saddile locations is of the utmost important.

Haul Rope

Visually inspect entire length of haul rope, including a thorough inspection of the hau
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 worn 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 retum 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 PHONE NO. : 9782419645

LEITNER- -
" POMA

Feb. 88 2896 B2:22PM P3

LEITNER-POMA OF AMERICA, INC.
March 23, 2005

Mr. Jorg Ludwig

Senior Safety Engineer

State of California

Department of Industrial Relations
Tramway Unit

P.0.Box 11227

Truckee, CA 96162

Dear Mr. Ludwig,

This letter is in reference to the Pacoima Dam Tram (A-807) and the questions coneea'mngthe
track rope brake adjustment and track rope saddle retention.

Track Rope Brake Adjustment - I have reviewed the brake pad clearance requirement that is
outlined in the “Pacoima Aerial Tramway Operation and Maintenance Manual” (OM mannal) and
have revised this clearance from 3.5mm each side 7.0mm total to 2 Smm each side 5.0mm total
minimum. See the enclosed revised Section 13, Page 6A. The brake pull test value was
determined during the acceptance test. This “real” value is different than the theoretical

. calculated value and reflects fiction and other “real” conditions on site. Enclosed are the brake
force calculations.

Track Rope Saddle Retention — We included calculations for the retention of the track rope in
the saddles as part of the original submittal packages for certification of the tramway. Enclosed
are copits of the submitted calculations. Furthermore, it was determined by the certifying design
engineer, by calculation and during the load test, that the track rope retention straps were mot
required for adequate safety to deropement, and might even constitute 2 hazard for the track rope
brake. Leitner Poma technicians inspecting the tramway checked the condition of the remaining
straps, during monthly service visits, and removed them as they became a problem. Leitner Poma
is now requiring that all remaining track rope retention straps must be removed wherever they
interfere with passage of the track rope brake. Enclosed is revised Section 12, Page 4A removing
the “check position of track rope straps™ requirement, and revised saddle assembly drawings
US3038.782A and US3038.783A.

For your roeurdy, we are sending revised OM manusl pages, revised drawinge and regending
copics of pertinent calculations. These will be also sent to Sam Kats and Sam Huber of LA
County LS.D.

Sincerely,

Nelson Tusberg, P.E.
Manager of R&D Engincering

2510 FORESIGHT CIRCLE <« GRAND JUNCTION, CO 81805 < (970) 241-4442 » FAX (970) 241-3033
. BABTERI OFFICE: FO. BOX 35, ROUTE 100 & 107 < STOCKBRIDGE, VT 06772 - (BO2) 746-7965 * FAX (802) 746-7958




2 201 482 .
2201604
050 110

o)

2031195
@ 200

050 110
080 066

sheave
devices

SHEAVE DIA. 200

AND DIA. 500
Rep. Nb. Ref.
2031195 ASSEMBLY
. - SHEAVE DIA. 200
comprising :
1 2201604 sheave
1 2201482 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

Section 12: 1999
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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 torque of haul rope clamp,
bolts 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
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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 Il 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 Thrust o) ‘
N vt .
Washers Dl [ Truck
Hanger | : I :
Axle IJ
Grease = I\ sl
Fitting - SR HEHET
:__Iu_‘ _____L H k———t - —hLJ
Bushings a:{ Ea |
, vy

Hanger

LJ 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)
i 2 Eockerﬂf— 4 Rocker /= Sheave

R l'% 941

Y, 11
eSS | 3

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 torgue is achieved on all bolts. The gap between the
plates has to be consistent through out. (See Figure 13-3)

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.

Section 13: 1999
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Track Rope Brake

System Leaks

Qil Levels

Manual Activation
Of Brake

Accumlator

Dump Valve

Pressure
Gauge

P
\

Section 13: 1999
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~Visually check all components for external leaks. Repair

as needed.

Pump Unit: With brake applied, oil lever should be 1/2in
to 1in from the top of the reservoir.

When adding or changing oil, use Mobil DTE13 or
equivalent.

With system at normal operating pressure, turn red
handle on ball valve and verify system pressure drops to
zero and track rope brake sets correctly. (See F igure 13-
4 and Drawings 3038.768, 3038.868)

Qil Fill

Pump
Handle

Pump

Figure 13-4




FROM : LEITNER POMA PHONE NO. : 9782419645 Feb. BB 2006 B2:22PM P3

LEITNER—~
| POMA

LEITNER-POMA OF AMERICA, INC.
March 23, 2005

Mr. Jorg Ludwig

Senior Safety Engineer

State of California

Department of Industrial Relations
Tramway Unit

P.0.Box 11227

Truckee, CA 96162

Dear Mr. Ludwig,

This letter is in reference to the Pacoima Dam Tram (A-807) and the questions concemmg the
track rope brake adjustment and track rope saddle retention.

Track Rope Brake Adjustment - I have reviewed the brake pad clearance requirement that is
outlined in the “Pacoima Aerial Tramaway Operstion and Maintenance Manual” (OM mamal) and
have revised this clearance from 3.5mm each side 7.0mm total to 2.5mm each side 5.0mm total
minimum. See the enclosed revised Section 13, Page 6A. The brake pull test value was
determined during the acceptance test. This “real” value is different than the theoretical
calculated value and reflects fiction and other “real” conditions on site. Enclosed are the brake
force calculations.

Track Rope Saddle Retention — We included calculations for the retention of the track rope in
the saddles as part of the original submuttal packages for certification of the tramway. Endlesed
are copiw of the submitted calculations. Furthermore, it was determined by the certifying design
engineer, by calculation and during the load test, that the track rope retention straps were not
required for adequate safety to deroperment, and might even constitute a hazard for the track rope
brake. Leitner Poma technicians inspecting the tramway checked the condition of the remaining

straps, during monthly service visits, and removed them as they became a problem. Leitner Poma
is now requiring that all remaining track rope retention straps must be removed wherever they
interfere with passage of the track rope brake. Enclosed is revised Section 12, Page 4A removing
the “check position of track rope straps” requirement, and revised saddle assembly drawings
US3038.782A and US3038.783A.

For your rocords, we are sending revised OM manus! pages, revised drawinge and regendimg
copics of pertinent calculations. These will be also sent to Sam Kats and Sam Huber of LA
County LS.D.

Sincerely,

Nelson Tusberg, P.E.
Manager of R&D Engincering

2510 PORBSIGHT CIRCLE » GRAND JUNCTION, CO 81606 = (970) 341-4442 « FAX (970) 241-5023
. BABTERN OFFICE: P.O. BOX 35, ROUTE 100 & 107 < STOCKBRIDGE, VT 06772 - (802) 746-7965 * FAX (B0%) 746-7888




Brake When brake is released, the brake pads grooves should z2.3
Adjustment be centered on the track rope with a minimum of 3.5mm
-of clearance each side. If the pad grooves are more than
an 1/8in 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 properly 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 1) 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.
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Cabin

General
Inspections

Door Emergency
Pins

Frame

Door Opening
Mechanism

Release
Pin

Section 13: 1999
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-Check for free and proper operation of door.

Check general condition of cabin.
Check battery charger for proper charge

Verify that emergency release pins are fully engaged

(See Figure 13-6)

Carefully inspect frame and frame connections for
cracks, loose or missing hardware and integrity of safety

cables. (See Figure 13-6)

Lubricate areas noted on figure 13-6. A light film
brushed on is sufficient.
Lubricate spring arm at grease fitting

Grease
Area

Safety
Cable

Grease
Fitting

Figure 13-6




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 | Examiner, as specified by the American
Society of Non-Destructive Testing TC-1A.

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 Rejection Rate and Retest Procedures

if ahy 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-1A.

5. Criteria for Acceptance/Rejection 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 between 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: 1999 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 Check for free travel of the tension sheave.
ANNUALLY IN Check general condition of haul rope for rust, broken
IN ACCORDANCE wires, internal condition.

WITH ANSI B77.1-7.4
Check splices and repairs.

EVERY 6000 HRS EWRT, Electromagnetic Wire Rope Test

Maintenance of the Track Rope

Frequency Activity

DAILY Check for free travel of the tension sheave.
ANNUALLY IN Check general condition of haul rope for rust, broken
IN ACCORDANCE wires, internal condition.

WITH ANSI B77.1-7.4
Check socketed connections.

EVERY 6000 HRS EWRT, Electromagnetic Wire Rope Test

Section 14 1999
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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
buliwheel 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 period of time and if your area has climactic

conditions which cause severe corrosion, then use of lubricants or protectants is
appropriate.

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.

EEa————————————— -  —m e ———
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.

“
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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 or semi-horizontal.

It is important to keep the labels on the containers in good condition in order to identify
the lubricants.
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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 two 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
Lubrication



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.
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Prescribed Hydraulic Oils

Constant Hydraulic Tension System with Electric Pump

Oil Characteristics

- Hydraulic control oil with a very high wscosnty 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 Accumulator(s)

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 Fiuid 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.
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Prescribed Lubrication for Speed Reducers

POMA-Kissling speed reducers require a high pressure oil made for hypoid gears. |t
must meet the requirements of API Service GL5.

Popular Brands of SAE 80 W

SHELL
ARAL
ASEOL
BP

ELF
ESSO
GULF
KLUBER
MOBIL
SUNOCO
TEXACO

TOTAL

NOTE:

Section 15: 1999
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Spirax HD 80 W: viscosity index 91, flow point (-28° F)
Getriebeol Hyp. 80

Topress 80 W

Hypogear EP 80 W

Tranself B 80 W

Gear oil GX 80 W

EP Lubricant HD 100

Synthesco D 220 EP (not to be mixed with others)
Mobil HD.80/90 W

MP-GL 580 VG 68

Multigear EP-80

Transmission TM multigrade

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.l. Service
GLS5.




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.

e T ———
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 immediafely_
following such application. Failure to follow these instructions

could lead to serious equipment damage and/or personal injury.

B —————————————— .- ——— —
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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 reduce.rs (when necessary)
U-joints

All shafts and axles of the sheave assemblies
Adjusting screws

Schnorr washers used in fixed grips

Section 15: 1999
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PIEVIA

Bottom Drive Tram
35 HP @ 1750 RPM
400 FPM
Lift Installation 1999

Pacovma Tram
Los Angeles, (4

Electrical Schematics

Dwg. 5.290.171 January 3, 2000

Description

| PO |
|
I| Cover

It| Notes and Symbol Definitions
it PLC Rack and I/0 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, bperator Interface
06 | PLC Slot 1 inputs 00-15
07 | PLC Slot t - Inputs 16-31
08 | PLC Slot 2 - Inputs 00-15
09| PLC Slot 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
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NQ Pressure Switch

E e Relay Coil

PLC Input DC Sinking

Connect Dot

Q: I g NC Maintained O/-\O 1P Circuit Breaker ._.I l__ NO Rslay Contact
Push Button w/ Magnetic and
Thermal Trip
Contactor Coil w/
NC Push Button ol 78t LK
a.lo est[L\‘ Convertor m 2P Circuit Breaker NC Relay Contact
\ | P w/ Magnetic and
] ~°2. 1‘ ,\/ 22 o (e} Thermal Trip
O O NO Push Button —}g—  Diode
) TN
I}}"\/‘% O/J'\o 3P Circuit Breaker
QY o NC Selector ; 3 Pole Contactor w/ X w/ Magnetic and AAA—  Resistor
Switch I:}J\r% Magnetic & Thermal O/JI\O Thermal Trip
: I\~ Protection e} o)
o O NO Selector —AAAN~ FPotentiomatar
Switch /\ i
N
s N
/ N
. / N . : L
NO Switch Contact I (o —ur 0] N, NC Proximity Switch Fused Terminal _~ Capacitor
© © AN ,7  Block Type Sensor m Black !
\\ o ’f
AY ’
\No7
NC Switch Contact N 2P Fuse . Battery
”I \\\ d-\_p -T_
7 N m
b itch ¢ o Yy NO Proximity Switch
SPST Toggle Switc \\le Block Type Sensor —;—O
N 4 +
“Q, oo A
\NT/
DPDT Toggle Switch LAV 3P Fuse ”,\, Rectifier
o—
Haul Gable Proximity AV x
NC Limit Switch Switch w/ program leg —O
NO Limit Switch /\/ Solenaid 3 Dual Voltage 8 Key Symbol
Transformer
NC Pressure Switch ® Meter 3 @ Terminal Block

o, ol oL A 4.1

) PLC Output DC Scurcing Single Voitage e EQrth Ground
NC Thermal Switch @' Transformer —
PLC Output Isolated
NO Thermal Switch @,:‘: Relay Contact
-
Station Protector
Gas Discharge Tube)
N Horn/Al (Gas
NC Float Switch O Panel Lamp g orn/Alarm
/TN L
NO Float Switch ® Panel LED = Canen Plug Connection
B“/‘—\‘aK Barrsl Type
R . Terminal Block (N; Prox Sensor MCC - Main Control Cabinet
L@~ ! tor dedicated common N ol ROJ - Return Outside Controls
connsction . ac--" DOJ - Drive Outside Controls

CCS - Cabin Control Station

Notes: TJB - Tension J-Box

All diodes 1N4004 or IN40O7 uniess otherwise noted.

. Blue wire indicates +24 VDG control circuits.

. Red/White wire indicales 120/240 VAC circuits.

. Black wire indicates 480 VAC or over 50 VDC circuits.

. Wire numbers are given in the format PPRC where

PP refers to the page number, R refers to the row and C reters to _the column.

. Characters appearing in parentheses refer to a physical lecation cross referenca.
e.g. - (DIC) would indicate the component is located at the Drive Inside Control desk.
If a component does not have a physical location cross-reference, it is located in
the MCC (main control cabinet).

7. Characters appearing in square brackets refer to a drawing cross reference. e.g. - [11A]

indicates the component also has connections appearing on page 11, row A. x

oW

[22]

8. This drawing and its design are proprietary to Poma of America, Inc. Use of this design, B
or copying this drawing without permission from Poma is pronibited.

Pacoima Tram Notes and Dwg: 5.290.171 by: SLA | Date: 1/3/00

of America, Inc.
2510 Foresight Circle
Grand Junction, CO. 81505

Los Angeles, CA. Drawing Symbols
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Slot 1

32 Inputs  Address 1:1/0-31

00

Drive Cabinet Emergency Stop

Drive Outside Station Emergency Stop

Cabin E-Stop

Evac Engine E-Stop

Return Station E-Stop

Drive Cabinet N-Stop

Drive Outside Station N-Stop

Cabin N-Stop

Raturn Station N-Stop

Return Station Up Command

Return Station Down Command

Return Station Entry Gate Closed

Return Station End of Travel

Return Station Terminal Entry

Cable Tach Loss

Cable Tach Overspeed

]

lot 2 {continued)

Orive Termina! Safety Switches

Tower 1 Safety Switches

Tower 2 Safety Switches

Return Terminal Safety Switches

Emergency Brake Position

Service Braks Position

Brake System Low Hydraulic Pressure

EB Lockou! Valve

S8 Lockout Valve

Track Rope Tension Ovartravel Limit

| Track Rope Tension Undertravel Limit

Haul/Track Rope Tension Low Pressure

Haul/Track Rope Tension High Pressure

Haul Repe Tension Overtravel Limit

Haul Rope Tension Undertrave! Limit

31

Close Cabin Door

Slot § 2 Channel Analog Input/Output

CHG In

Cable Speed

CH1 In

Speed Refarence In

CHO OQut

Speed Reference Out

CH1 Out

PLC_Annunciator

L

Slot 1 (continued)

Main Contactor Check

E-Stop Relay Check

PLC E-Stop Check

DC Drive Proof of Torque

DC Drive Fault

DC Motor Overtemp

Cabin Door Open

Cabin Battery Charger Connscted

Drive Safeties Bypass

Cable Distance Puise Switch

Drive Up Command

Drive Down Command

Cabin Up Command

Cabin Down Command

Drive Station End of Travel

31 |

Drive Station Terminal Entry |

8

fot 3 16 Outputs Address 0:3/0-15

|
00 |

Starting Alarm Signal

Start Relay

Hour Meter

Hydraulic Brake Pump ON

Hydraulic Tension Pump ON

Hydraulic Service Brake Pump

Gearbox Oil Fiow |

Reset Relay

Drive Guide Sheave Safaty Line Check

Towsr 1 Safety Line Chack

Tower 2 Safety Line Check

Return Guide Sheave Safety Line Check

UP Relay

Cabin Door Open Command

Cabin Door Close Command

Radio Communication Check

Slot 6

16 Qutputs Address 1:6/0-15

[+4s]

Track Rope Satety Switch Position

Resst

Gearbox Oil Flow Pump Cntctr Check

Electric Motor Coupled

Return Docking Sensor
Drive Docking Sensor

"B Pulsas

Haul Rops Ground Sensor

Reaturn Tower E-Stop

Radio Communications Input Check #2

Slot 2 32 Inputs

Address 1:2/0-

3

00 | Radic Communications OK

Cabin Door Closed

Track Rope Brake Position

Servics Brake Contactor

Cabin Battery Yoltage OK

Drive Entry Gate Closed

Control Voltage OK

Elgctric Mode Selected

Evac Mods Selscted

Hydraulic Brake Pump Off/Tripped

Hydraulic Tension Pump Oti/Tripped

Evac Hydraulic Pump Stroke

Evac Engine Throttle

Evac Low Oil Pressure

15 | Open Cabin Door

Slot 4 8 isolated Relay

Address C:4/0-7

0

o

Emergency Brake Solenoid

Service Brake Solenoid

Evac Fuel Shutoff

PLC Emergency Stop

DC Drive Regulator Blocking

Trip Counter

07 [ VIG! 100

| [
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POMA

of America, Inc.
2510 Foresight Circle
Grand Junction, CO. 81505

Pacoima Tram
Los Angeles, CA.

PLC Rack and
/0 Layout

Dwg: 5.290.171 by: SLA

Date: 1/3/00
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Grand Junction, CO. 81505

]
ROS Emergency Stop < va: 1 J g:t; ' @]
ﬁ'go
424 VDC_| OR -Q6N2 @
Normal Stop | WH 06N3 @
Up Co d GR 06P1 @
Down Command WH 06R1 @
+24 VDC __| BR 0652 5
Gate Position WH 0653 _@,
End of Travel SL 06U1 A
Return Terminal Entry | WH 06V1 @
- | BL 04W2 ®
e < m [ o ®
Start Bell__| OR 03H3 {
Wind Direction +24 V____| RD 15P1 @@
GR 0aca =
Signal Z RD 0381 @
N__IBA 03ca ©
Return Terminal Entry (-} | RD 06W1 _@
Tower 1 Brittle Bars < ;; :g:; ®_© @
o
T ) BL 10R2 @
ower 2 Brittle Bars < BK 10R3 _@
Return Terminal Guide Sheave Brittle Bars < g: :gzi @©
5
Wind Speed Anemomeler #1 < g: ::2: %
)
Wind Spead Ansmometer #2 *<B 22 f——1 ::5: @©
o
Wind Speed Anemometer #3 :; :::s @Q
o
Wind Dirgction 0 Volt BL 15P2 @
wind Direction #1____| YL 15R1 @
Wind Direction #2 OR 15U1 /@
Wind Direction #3 | YL 15X1 @
Open Cabin Door GR 05P1 @
tosed Cabin D YL 05Ut
Closed Cabin Door L—!__@
| BR | 5
) SL 17G1 @
Return Docking Sensor <_ YL 1762 @
A BL 04P1 @
eturn Tower E-Stop < VL 04P2 ___@
= ®
o
— Y
s 0>
1w ] +@
Pacoima Tram Comm Line Dwg: 5.290.171 by: SLA [.Date: 1/3/00
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Drive Station Electrical Power Oneline

100 A 3P - Té;’:f;:’
SCE 480 VAC /-\C Line 80 A .
—— o 80 A 3P DG Drive GE DC Motor L40SAT
Delta Configuration [Service Pole[ off o - € |35 WP reqd-50 HP supplied
/O— 19 R £ 60 ADC (running)
—_— T 75 ADC (startup)
| Genset 500 VOC at 1750 rpm
Tension Pum
6 AP O;) go 1A Valve Soleno?d
Generator 480 VAC R ! I :{\ﬂ__o
Delta Configuration oj CO
250 VA
480 pri,
120 sec. Tension Pump
Battery Charger
I O
L J
Battery Charger
o)
D—. % 5 A 3p Gear Box Oil
20 A 3 15 A Pump
Air Conditioner 16 A 2P >—m—* { O o
IR 3
(_,-———-4
Cabinet Lights 4 AP 5 KVA
o~
b O/ 480 pri,
240/120 sec.
Outside Lights 6 A 2P
/‘\o_
10 A 3P Field Supply
TN
L 5
Pacoima Tram Power Dwg: 5.290.171 by: SLA | Date: 1/3/00
of America, Inc. .
2510 Foresight Circle Los Angeles, CA. Onelines file: pacoima.gcd rev: page V of VI |
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Description Degree Time _]
P1| Cooling ON 85°
P2 | Cooling OFF 70°
P3| Heat OFF 50°
P4 | Heat ON 32°
P9 | Over Temperature Alarm 10’
P10 | Under Temperature Alarm 32°
P11| Compressure Recycle Time Delay 60 sec
P12 | Over Temperature Alarm Delay 05 sec
P13 | Under Temperature Alarm Delay | 05 sec

of America, Inc.

ﬁ@%& 2510 Foresight Circle
—

Grand Junction, CO. 81505

Pacoima Tram
Los Angeles, CA.

Airconditioner
Programing

Dwg: §.290.171

by: SLA

Date: 1/3/00
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. ABB DCS502 75 ADC GE DC Motor
| 80A i 0C Drive CD328AT
| FIABC  Mi1,23 50 HP
/:\O ! 01A1 : 01A2 u 1750 RPM
A i o ht F2A 520 VDC
A ' 0181 : 0182 vi 01A3
6 o cf\_,c—-m———— ct -
A~ o1c 0162 (+) 0144
B © e M o—iit " Gould
incoming 480 VAC | Gould [01L] 80X60
34Power | 80X60
c : F28
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— [024] F B N S o AW
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5 N X9g:1 | .
| i
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E . H 02 2
Tons peaz OFEZ gy : i N\ iz
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Pump Valve | | | | FTTTTTE= {o1J)
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e TS 02Y1
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(e A0 Fls el Fos
1 1
i i 01Kt ) . 01K2
K| A i AL x12 i3
|| Tension Fump (106] ‘ €] 0 fmmmmmmmoee- 1
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1
— 1G4
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N : Drive Fans
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Speed Adi +10V
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P (12) 01P1 5KQ
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[12Q] = Speed Ref.
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R ST-1 Al
[ | [108] %
0151 [
S [12R] ! X4:6 03P1
ov X6:6
02v1 M1-4 o _—Jach Encoder
11l B RPN
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T 5 kVA
oAt WAFNQ o ar 480 pri 2407120 sec 20 A FNQ 0243
= o\ p AW 010}
G% FC 0242 [DIRJ{11R]
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Section 18

METRIC SYSTEM
CONVERSION TABLE




.Metric System Conversion Table
Our goal: Help make the metric sysgem easy to understand for daily use.

Conversion °C to °F Conversion °F to °C
D
E A Subtract 2 A Subtract 30
G A Multiply by 2 A Divide by 2
R A Add 30 A Add 2
E
E Example: 27°C 27-2=25 Example: 80°F 80-30=50
S 25x2=50 50+2=25
50+30=80°F 25+2=27°C
— 1 yard ) | 1 meter I
. .3 feet | | 1 meter (10 cm x 10]
i T ] L =1
4 inches = ,_,_H_po cm
1inch H H 2.5 cm
1 hectare = 1000 square meters
- 1_mile = r_l..ﬁ_kllo.mamr_u_&QQLm_em_‘
| 0.60 mile , y 1 kilometer |
I 1 I 1
D Quick conversion miles to kilometers
| * Take the figure of tens
S e Multiply by 6
T * Add to number of miles to convert
A Example:
N 90 miles 9x6 = 54
C 80+54 = 144 km
E 110 miles 11x6 = 66
.S 110+66 = 176 km
Quick conversion kilometer to miles
¢ Divide kilometers by 3
*  Multiply by 2
Example:
96 kms 96+3 = 32
32x2 = 64 miles
FU Kilograms as a force {weight unit - not exactly correct
O N 1 Tonne = 1000 kg reaily a mass unit)
R I 1 Kg = 2.205 Iibs.
CT Deca Newtons as a force - this is the true metric force
E S 1 DaN = 2.248 Ibs
therefore 1 DaN = 1.0196 kg
P U
R N
E |
ST 1 bar = 1 DaN/cm? = 14.5 lbs / in?
S S
U
R
E.
S U
T N
R 1 Ibs /in? 1422.58 = kg / mm?
E T
S S
S
W Quick conversion: Ibs. to kilograms kilograms to Ibs.
E ¢ Divide by 2 * Multiply by 2
I . ¢ Subtract 10% e Add 10%
G Example: 180 lbs. Example: 120 kilograms
H 180+2 = 90 kg 120x2 = 240 kg , ,
T 90-10% =90-9=81kg 240+10% =240+24=264Ib
I :

EXACT EQUIVALENCES

square inch =
square foot

1 6.452 square centimeters
1

1 square yard

1

1

1

0.093 square meter
0.836 square meter
0.405 hectare *

259.0 hectare

2.590 square kilometers

acre
square mile
square mile

—_

square centimeter =
square meter
square meter

0.155 square inch
10.76 square feet
1.196 square yard

-y

non

—

-

hectare 2.471 acres

py

square kilometer

i

0.386 square mile

EXACT EQUIVALENCES

IMPERIAL METRIC
1 inch = 2.540 centimeters
1 foot = 0.3048 meter
1 yard = 0.9144 meter
1 rod = 5.029 meters’
1 miie = 1.609 kilometers
METRIC IMPERIAL
1 centimeter = 0.3937 inch
1 decimeter = 0.3281 foot
1 meter = (3.281 feet)
1 meter = 1.094 yard
1 decameter = 10.94 yards
1 kilometer = 0.6214 mile
IMPERIAL
1 pint = 0.568 liter
1 quart = 1.137 liter
1 gallon = 4,546 liters
1 bushel = 36.369 liters
1 liter = 0.880 quart
1 liter = 0.220 gallons
1 liter = 2.750 bushels
U.S.
1 pint (U.S.) = 0.473 liter -
1 quart (U.S.) = 0.9486 liter i
1 gallon (U.S.) = 3.785 liters j
1 barrel (U.S.) = 158.98 liters ;
1 oeunce (avoir) = 28.350 grams
1 pound (avoir) = 453.592 grams
1 ton {short) = 0.907 tonne*
1 ton (long) = 1.016 tonne*
1 gram = 0.035 ounce (avoir
1 kilogram = 2.205 pounds (avoir)
1 tonne = 1.102
1 ton {short) = 1
1 tonne = 0.984 ton {long)

short ton. or USA ton

long tonor U K ton  * 1 tonne = 1000 ilograms




