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Electric Towbarless Tug

This product can not be modified without the written approval of Tronair, Inc. Any modifications done without written approval
voids all warranties and releases Tronair, Inc., its suppliers, distributors, employees, or financial institutions from any liability
from consequences that may occur. Only Tronair OEM replacement parts shall be used.

1.0 PRODUCT INFORMATION
1.1 DESCRIPTION
Electric towbarless tug with towing capacity up to 125,000 Ibs

1.2 MODEL & SERIAL NUMBER
Reference nameplate on unit

1.3 MANUFACTURER
TRONAIR, Inc. Telephone: (419) 866-6301 or 800-426-6301
1 Air Cargo Pkwy East Fax: (419) 867-0634
Swanton, Ohio 43558 USA E-mail: sales@tronair.com
Website: www.tronair.com
2.0 SPECIFICATIONS
2.1 DIMENSIONS
Weight ...o.eiiie e 9,500 Ibs (4,309 kg)
Length ..o 220 in (558.8 cm)
Height....oeee e 42 in (106.7 cm) maximum
WIALh e 79 in (200.7 cm)
Ground ClearanCe........cc.cvvvveeerreeinieeninenns 5in (12.7 cm) between drive tires
Deck Height.......cocoviiieiii 24 1/4 (61.6 cm)
Cradle Depth......coocveeiieeiiiiieeeec e 28 '2in (72.4 cm)
Cradle Width ......coocveviiiniiiee e 38in (96.52 cm)
Cradle Lift Height ......ccccoveiiiiieiiiee e, 12 in at front edge (30.5 cm)
Cradle Capacity.......ccoceeerveerieeriiieiieeenieene 12,500 Ibs (5,670 kQ)
Steering Axle Tire Siz€......ccocceeriveriienniennne (2) 8 x 7-88” (18" OD)
Drive Tire Siz€....ccccovviieiiiiiiieieeieee (2)22x9x16 (22" OD)
2.2 DRIVE SYSTEM
Traction MOtor .......cccvvvivieeeiie e Two 16HP A.C. electric motors
Motor Controller ........coeveviiiieiieeiieeee e Two 72 Volt motor controllers
Gear ReduCtion ..........cccevveriieeiiie e Two 37.5:1 heavy duty gear reduction torque hubs
Empty Speed.......cccooiiiiiiiiiii 7 mph (11 kph)
Full Load Speed.........cccoveviiiieniiiiieceee 4 mph (6.4 kph)
Throttle type ....cccveeviiiiieeec e Hall-Effect foot throttle
Battery Type....cooovviiiieieeeee e Lead Acid (36-D55-17)
Battery Capacity........ccceveeerieenieniieenieee 440 Ah (6 HR)
Charge TimMe ..ccceevveiiieeiiee e Dependent on Charger Selection
23 STEERING SYSTEM
DUal DIiVE oo Proportional Steering using Curtis Dual Drive Operation
Power steering ......ccccevvveeiiiiiei e Utilizes steering valve and rotary actuator to provide 5th wheel type
steering with leaf spring suspension. Steers 872 in each direction
2.4 BRAKE SYSTEM
Regenerative.........cccoceniiiiiiicieee Soft electric programmed regenerative braking is provided as the
accelerator pedal is released.
Foot Brake........cocoiviiiiiiniiiiii e The brake pedal provides stronger electric regenerative braking.
Parking Brake........ccccoveieiiiiiieieee e The parking brake consists of two multiple disc, enclosed type brakes.
Maximum holding torque on the parking brake is 2400 in-lbs per side at
the motors. Pressing the throttle releases the parking brake.
25 OPTIONAL EQUIPMENT AVAILABLE

Custom Colors and Graphics

Fully Automatic Battery Charger (External)
TYPE oo Eco Charge
Rating.....c.cocvvveeeneee. 100 Amp at 72VDC

04/2024 | Rev. 05 Page | 1
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Electric Towbarless Tug

2.6 STANDARD EQUIPMENT

Operator Panel Display with Battery Charge Indicator, Hourmeter, Speedometer, Steering Position Indicator,
Diagnostic Functions

Power Winch (Hydraulic Ram) with Reduced Force on Contact
Front and Rear Facing LED Headlights

LED Cradle Work Light

Strobe Light

Side Marker Lights

Fire Extinguisher

Two Nylon Strut Straps, 1.5” x 36”

Nylon Winch Strap

Nylon Safety Strap

Rear Pintle Hitch

2.7 ADD ONKITS
K-4052............. Westwind Adapter K-5388 ................ Falcon 50/900/2000 Adapter (Required)
K-4177............. Sabreliner Adapter K-5389 .....ccceenne. Falcon 7X/8X Adapter
K-4235............. Dash 8 400 K-5391 ..o Lear 45 Cradle Plates (Hold Down)
K-4236............. Dash 8 100, 200, 300 Z-9292......cccouueeen. Dash 8 Stand-Off Plate
K-5387.....cc...... Lear 40/45 Adapter (Required)

04/2024 | Rev. 05 Page | 2
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Electric Towbarless Tug

SAFETY INFORMATION
USAGE AND SAFETY INFORMATION

To insure safe operations please read the following statements and understand their meaning. Also refer to your
equipment manufacturer’'s manual for other important safety information. This manual contains safety precautions
which are explained below. Please read carefully.

WARNING! — Warning is used to indicate the presence of a hazard that can cause severe personal injury,
death, or substantial property damage if the warning notice is ignored.

CAUTION! — Caution is used to indicate the presence of a hazard that will or can cause minor personal injury
or property damage if the caution notice is ignored.

SAFETY SWITCHES

1. The Emergency-Stop switch (ES1 or ES2) shuts off the main vehicle contactor and cuts all power from the
battery. WARNING! Do not press the Emergency-Stop switch while in motion unless an emergency
truly exists. The Emergency-Stop switch will turn off all electric braking systems and rely on the
parking brake to stop the vehicle.

2. The Seat Switch (SW3) controls the controller input that limits the eJP-12 to creep speed. If the seat switch is
not pressed, the eJP-12 will be limited to the programmed creep speed.

3. The solid state switch in the top of the accelerator pedal controls the Interlock (deadman) switch. The same
switch also controls the release of the parking brake.

4. The “Start” function of the Key Switch (KS1) turns on relays K1, K2, and K3 to start the eJP-12. If the Key
Switch is turned ‘OFF” while in motion, the effect will be the same as pressing the Emergency-Stop.
WARNING! Do not turn the Key Switch to OFF while in motion. The Key Switch will turn off all electric
braking systems and rely on the parking brake to stop the vehicle.

DRIVING SAFETY

1. EJP-12, like any piece of machinery, should be operated by responsible personnel who are alert, attentive and
aware of the potential for serious injury or death. Operators should not be under the influence of intoxicants,
drugs or any substance that would alter or impair their actions or ability to make responsible and prudent
judgments. No person should be allowed to operate the eJP-12 without reading and understanding this
operator manual.

2. Operators are expected to know and observe all normal safety procedures for working around aircraft. The
operator's knowledge of these general aviation safety procedures is a basic assumption for this manual. The
omission of general aircraft safety procedures from the eJP-12 Operator’'s Manual is no excuse for the
operator’s failure to apply them.

3. Proper attire should be worn while operating eJP-12. Loose fitting clothing should be avoided. Appropriate

outdoor work shoes should be worn at all times.

Do not leave the eJP-12 until the parking brake is set.

Do not leave the eJP-12 unattended when children are present.

The eJP-12 is normally stopped by slowly releasing the accelerator pedal. When stopping on an incline,

release the accelerator pedal slowly to reduce roll-back. Use the foot brake if a stronger stop is needed. The

parking brake will set when the eJP-12 comes to a complete stop and the accelerator pedal is not pressed.

7. For the smoothest transition while towing an aircraft, the tug should be brought to a stop before changing
direction on the F-N-R switch.

8. Always accelerate and brake as smoothly as possible to prevent possible aircraft damage.

9. For moving aircraft up or down inclines/slopes, a qualified operator should be in the aircraft cockpit to utilize
the aircraft’s brakes for safety/backup.

10. When moving in reverse direction, look both ways and clear the area of other traffic and obstacles.

WARNING
Do not allow anyone to sit or ride on the diamond plate or front fenders of the eJP-12 while in motion.

I

BATTERY SAFETY

1. The diamond plate over the batteries should always be open when charging the batteries indoors. During the
charging cycle, explosive hydrogen gas is expelled. Open flame or sparks must be avoided. Do not smoke
near the batteries while charging.

2. Important! All switches need to be turned off before plugging in the eJP-12 for charging.

3. Eye protection and rubber gloves should be worn when adding water or working with the batteries. Remember
that the current capability of the batteries is extremely high.

4. Read Appendix Il and Appendix IV understand safety procedures for working around batteries.

04/2024 | Rev. 05 Page | 3
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(TO DISCONNECT WINCH FROM AIRCRAFT IN THE EVENT\

3.5 MOVING DISABLED TUG OF ELECTRICAL FAILURE:
3.5.1 Disconnect Winch
: : H : PRESS THE KNURLED RED
1. Chock thelmaln landing gear of the alrc.raftylnv_olved. BUTTON AND TURN IT
2. Carefully lift the battery cover on the driver’s side of COUNTERCLOCKWISE UNTIL
the eJP-12. IT STOPS AND POPS OUT. g,
RED BUTTON
CAUTION PULL THE WINCH STRAP
. . . . LOOSE ENOUGH TO DISCONNECT THE
& The cover is equipped with gas springs. Do not allow STRUT STRAP. PRESS THE KNURLED BUTTON AND RETURN
the batter cover to hit the aircraft. QO ORIGINAL POSITION (CLOCKWISE UNTIL IT STOPS).
3. Inthe center of the tug, locate the valve with the red knurled button at the rod end of the
winch cylinder. Press the knurled button and turn it counter-
clockwise until it stops and pops out. AEEDLE VALVE \

4. The winch strap can now be pulled loose enough to disconnect the
strut strap from the aircraft.

35.2 Lower Cradle b & .:}4' Ph
A 4 inch hex key wrench will be required T »= g Mg i
S Sk £y
1. Find the needle valve (NV1) located on the top of the valve block. ¥ S L ,g“’f-
The valve is referenced by the label Emergency Cradle Lowering R e i
Valve. Tover P o F.I'
2. Open the needle valve very slightly (counter clockwise) to allow the f_f B/
cradle to lower. Tighten the valve (clockwise) to stop the cradle. It is 2 4 3
best if the cradle can be stopped with the front edge still K '.'3-;" J

approximately 2 to % inch off the ground.

3.5.3 Brakes and Steering on Disabled Tug

1. The edP-12is equipped with a mechanical parking brake that is
set when there is no hydraulic power. If the eJP-12 needs to be
towed, the torque hubs must be unlocked. Unlocking the hubs
allows the drive wheels to turn without turning the brake or motor.
To unlock, use a 7/16 wrench or socket and remove the two bolts
from the round disc in the center of the hub. Flip the disc over and
re-install so that the button presses on the center pin. To re-
engage hubs put the center disc back to its original position.

2. If the hydraulic pump does not run, the tug can still be
maneuvered with the steering wheel. Move the steering wheel
slowly (it will be hard to turn) as the tug is rolling.

WARNING
A When the torque hubs are unlocked, the eJP-12 does not have

brakes. Move the eJP-12 slowly. Wheel chocks must be used for

stopping.

4.0 TRAINING

4.1 TRAINING REQUIREMENTS
The employer of the operator is responsible for providing a training program sufficient for the safe operation of the
unit.

4.2 OPERATOR TRAINING

The operator training should provide the required training for safe operation of the unit.

NOTE: Maintenance and Trouble Shooting are to be performed by a skilled and trained technician.

04/2024 | Rev. 05 Page | 4
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Electric Towbarless Tug

OPERATING INSTRUCTIONS
WARNING
Do not make sharp turns while moving rapidly. Always look behind you before backing up.

GENERAL INSTRUCTIONS

1. To start the eJP-12, the Emergency-Stop (E-Stop) switch on the driver’s console must be in the released
position and the E-Stop switch on the left front fender must be in the released position. To release E-stops,
turn clockwise and release.

2. Sit down in the operator’s seat. Turn the Forward/Neutral/ Reverse (F/N/R) switch to Neutral.

3. Turn the “Off- On-Start” switch to “Start” and hold for one second. The Operator display screen will come on at
this time.

4. The hydraulic pump will start when:

a. The F/N/R switch is moved out of Neutral
b. Orthe Cradle or Winch functions are used

5. Make sure the cradle is off the ground before moving. This is accomplished by pressing the “UP” side of the
cradle toggle switch.

6. This tug is NOT designed to coast. Accelerating, braking, and maintaining a constant speed, are all very
dependent on foot pedal position. This results in a tug that is very easy to drive and extremely easy to control
on inclines. Push the throttle pedal to accelerate, slowly release the throttle to brake. Hold the throttle steady
for a steady speed.

7. The switch located under the driver’'s seat must make contact before the eJP-12 will drive at “sitting speeds”. If
the driver is in the standing position, the eJP-12 will be limited to “Creep Speed” (approximately 1 mph). All
towing positions on the Aircraft Selection switch are limited to 4 mph (6.4 kph). The return to Gate position is
limited to 7 mph (11 kph)

8. Ifthe eJP-12 is to be left On when the driver exits the driving position place the F/N/R switch in Neutral. This
will prevent the hydraulic system from cycling on and off (charging the accumulator) while the tug is not in
motion.

9. The parking brake will set automatically when the eJP-12 comes to a complete stop. The parking brake will
also set when the key is turned off or when either Emergency-Stop switch is pressed. (Either of the latter two
actions will cause the hydraulic accumulator to discharge.)

WARNING

Turning the “Off-ON-Start” switch to “Off” while driving will result in a complete loss of electric braking
and stopping will rely on the parking brake. Pressing either Emergency-Stop switch while driving will
result in a complete loss of electric braking and stopping will rely on the parking brake.

10. The edJP-12 steers very easily. Turning the steering wheel 3-1/4 turns from center will result in turning the
steering tires approximately 87¢°. During a sharp turn, the inside motor will slow to a stop then reverse direction.
The eJP-12 is designed to be very maneuverable at slow speeds in tight places, NEVER enter into a turn at
high speed. Loss of control will cause personal injury and property damage. Do not move your eJP-12 any
faster than is necessary.

11. The steering console can be fully raised to allow the driver to stand while positioning the eJP-12 at the aircraft
nose wheel. While the driver is in the standing position, the eJP-12 will be limited to “Creep Speed”. This
provides better throttle control for capture. While standing, do not apply any sudden throttle or brake that may
cause loss of balance. Never drive while standing except for very slow final positioning. Do not allow anyone in
the passenger compartment to stand while the tug is in motion. The steering console is raised by pulling the
lever on the left hand side of the console and lifting upward.

WARNING

The standing position on the eJP-12 is intended for approaching the aircraft for capture only. Release the
aircraft from the sitting position.

WARNING
Do not make sharp turns while moving rapidly. Always look behind you before backing up.

WARNING

When moving tug under or out from under the nose of a Gulfstream, Global, or other aircraft with a slanted
strut, make sure the winch strap is loosened before swinging. Angle of nose strut can cause winch strap to
over tighten causing damage to the nose gear.

04/2024 | Rev. 05 Page | 5
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Electric Towbarless Tug
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LOADING AIRCRAFT

1. On the driver’s control panel, choose between Over Steer Protection (OSP) On or Off. Choosing OSP On adds
over-steer protection (some restrictions will apply; refer to section 5.3 Over-steer Protection and 5.4.2 Using
The Nose Gear Offset Plate). The OSP Off selection bypasses the over-steer protection.

2. Choose the Max Push/Pull force that best matches the aircraft manufactures limits.

3. Make sure the aircraft nose wheel steering system, hydraulic system, and/or mechanical linkages are either
bypassed or disconnected so the wheel is free to turn within the aircraft’'s prescribed limits. Always check with
the aircraft operator to determine the acceptable methods for moving their aircraft.

4. Insure that the winch and strut strap are not twisted or positioned in such a way that it may damage any part of
the aircraft assembly to which it is attached for winching or towing.

5. Make sure the strap is narrow enough and positioned properly so it does not interfere with sensors, lines,
cams, linkages or other fittings on the aircraft wheel strut. Use of the 1.5 inch-wide strap is recommended.
Heavier straps can be requested.

WARNING

Do not install the strut strap around the wheel strut so that it could damage any part of the wheel
assembly, tires, hydraulic lines, up-locks or sensors during winching or towing operation.

CAUTION
Do not contact the shiny oleo surface with any metal strap components.

WARNING

Some aircraft are authorized by their manufacturers to be moved by towbarless tugs using only approved
adapters in lieu of the nylon strut strap. Verify with the aircraft operator the approved method for towing a
particular aircraft.

OVER-STEER PROTECTION

The over-steer protection system is for dual nose wheel aircraft. When pulling the aircraft onto the cradle, both tires
should make contact with the mat switch. The operation is simple; when the amount of torque applied to the NLG is
sufficient to cause one tire to pull away from the mat switch, the winch will release to relieve the torque. If both
wheels leave the mat switch, the winch will hold tight. For the best protection, the cradle needs to remain low with
the front edge approximately 3 inches off the ground. Also, there needs to be space in the cradle for the wheels to
pivot if an over-steer event takes place. For over-steer protection, leave the side plates spread as wide as possible
or remove them. On larger diameter tires, the rear safety gate will also limit the degree of over-steer protection. If
the wheels are allowed to firmly contact the rear safety gate and the cradle mat at the same time, the NLG will no
longer be protected by the over-steer system. The addition of the cradle safety strap will not cause sulfficient force
to adversely affect the over-steer protection.

LOADING AIRCRAFT PROCEDURE
Normal Loading

Position the eJP-12 in front of the aircraft nose wheel then lower
the lift cradle to the ground. Attach the strut strap (or
appropriate towing adapter) to the aircraft nose strut in such a
way as to not damage the strut, switches or other components
that may be part of the nose landing gear. Center the protective
sleeve of the strut strap to insure only the sleeve is in contact
with the aircraft. Using the winch controls mounted on the left
front fender, extend the winch strap out far enough so it can be
attached to the strut strap. Make sure the chocks have been
removed and the aircraft brakes are not set. Using the front
controls so you can monitor the aircraft nose gear, winch the
aircraft onto the lift cradle until the nose wheel touches the cradle mat Iocated on the front wall of the cradle. For
dual nose wheels, both tires should touch the cradle mat. When the tire touches the cradle mat, a relief valve will
reduce the pulling strength of the winch system to 400 Ibs. This is to help prevent any inadvertent excess stress on
the nose gear. Use the “Cradle Up” button to raise the front edge of the cradle approximately 3 inches off the
ground. Re-tighten the winch strap after lifting the cradle.
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Alternative Loading (Pulling the Cradle Under the Aircraft)

There are times when it is not desirable to allow forward movement of the aircraft while loading. This is especially
true in tight hangar conditions. For these situations, the eJP-12 cradle can be pulled under the aircraft.

Set the Forward/ Neutral/ Reverse switch to Forward (this is necessary for eJP-12 parking brake release). The
green LED lamp on the fender panel will indicate that the parking brakes have sufficient hydraulic pressure for
brake release. Note: if the green light does not come on, check the position of the Forward/ Neutral/ Reverse
switch.

Position the eJP-12 in front of the aircraft and connect to the aircraft as in “Normal Loading”. Leave the main gear
wheel chocks in place and/or aircraft brakes set. Lift the cradle approximately ¥z inch off the ground or floor. Use
the Winch In command at the front fender while pressing the Brake Release button. When the NLG tires reach the
back of the cradle, raise the cradle to 3 inches above the ground and re-tighten the winch strap as in “Normal
Loading”.

Using The Nose Gear Offset Plate

Aircraft having forward facing torque links or gear doors (like
Jetstream, Gulfstream G200, Westwind, MU2) will require you to
use the offset plate (B) to keep the torque links or gear doors from
contacting the cradle front wall. The default position for this plate is
the closest slot (G) to the cradle wall. Set the movable side plates
(A) to the proper width so the offset plate can slide into place. The
offset plate has two possible positions for the moveable side plates.
The inner two slots in the offset plate are for single nose wheel
aircraft and the two slots closest to the outside of the offset plate are
for dual nose wheel aircraft.

NOTE: When using the offset plate for a dual nose wheel
aircraft, over-steer protection is limited to the wheel movement
between:

o The side plates. If the wheels are allowed to contact the
side plates, the NLG will no longer be protected by the
over-steer system.

o The offset plate and the rear safety gate. If the wheels are
allowed to firmly contact the rear safety gate and the offset
plate at the same time, the NLG will no longer be protected
by the over-steer system.

Some aircraft are required to use adapters in order to be towed by towbarless tugs (like Falcon 50, Lear 45). Under
these circumstances the offset plate should be used to allow the aircraft to be loaded safely without the towbar
head contacting the forward wall of the cradle. If a single nose wheel aircraft were being loaded using an adapter it
would be easiest to not have the single nose wheel adapter (F) in place on the offset plate yet. Pull the aircraft in
with the winch first until the nose wheel is in close proximity to the offset plate. Then slide the single nose wheel
adapter (F) into its receiver and make sure it is locked in place by the spring plunger. Then snug up the nose wheel
to the offset plate with the winch.

Depending on the size of the towbar head adapter, it may be necessary to use the second offset plate slot (G) to
provide enough space for the adapter to fit in front of the cradle wall.

A. Movable Side Arms E. Safety Strap Holes

B. Nose Gear Offset Plate F. Single Nose Wheel Adapter
C. Rear Safety Gate G. Offset Plate Slots

D. Cradle Mat

WARNING

When using the offset plate for a dual nose wheel aircraft, over-steer protection is limited to the wheel
movement between the side plates. If the wheels are allowed to contact the side plates, the NLG will no
longer be protected by the over-steer system.

WARNING

When using the offset plate for a dual nose wheel aircraft, over-steer protection is limited to the wheel
movement between the offset plate and the rear safety gate. If the wheels are allowed to firmly contact the
rear safety gate and the offset plate at the same time, the NLG will no longer be protected by the over-steer
system.

WARNING

Be extra careful when moving aircraft on inclines as aircraft or tug may move unexpectedly. Make sure no
personnel are in the direct path of the aircraft or tug.

04/2024 | Rev. 05 Page | 7



1-RONA'__R_(:3 eJP-12, eJP-12SP

54.4

VAN

5.5

VAN

5.6

5.7

Electric Towbarless Tug

Safety Ratchet Strap

Secure the aircraft nose wheel with the safety ratchet strap. Position the strap so as not to damage any aircraft
component and tighten with the ratchet to be just snug. The strap attaches through one of the two sets of rings (E)
in the cradle side arm and runs across the top of the tire in front of the nose wheel strut and down to the
corresponding ring in the other cradle side arm. In most cases it is preferable to run the safety strap over the top of
the strut strap.

Drop the rear safety gate into the slots in the cradle side arms.

WARNING

Pay close attention to where disconnected scissors rest. With the change in angle of the cradle moving up
and down, a nose strut scissor could fall down and become pinched against the rear gate, causing
significant damage.

PREPARING TO MOVE THE AIRCRAFT

Raise the lift cradle enough to safely clear obstacles on the ground and to provide necessary clearance between
the aircraft and top of tug to avoid damage if the oleo strut compresses. For over-steer protection applications, limit
the cradle lift to approximately 3 inches measured from the ground to the edge of the cradle. After raising the
cradle, the winch strap will loosen due to the rotation of the cradle. Push the “winch in” button and snug up the
winch strap prior to moving the aircraft.

WARNING

Do not raise the cradle fully unless it is necessary to drop the tail of the aircraft to clear an obstacle. Lifting
the nose wheel too high will cause a shift in the aircraft’s center of gravity and this could cause the aircraft
to tip onto its tail.

MOVING THE AIRCRAFT
Move the aircraft slowly by choosing the direction of desired travel and slowly pressing the foot throttle.

UNLOADING THE AIRCRAFT

1. Loosen the winch strap and lower the lift cradle to a position 1/2” above the ground. Chock the aircraft and
remove rear safety gate, strut strap and safety strap.
2. Back the eJP-12 away from aircraft, allowing the nose wheel of aircraft to roll off the lift cradle onto the ground.
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QUICK NOTES ON BATTERY CARE

This section provides very general instructions for battery care. The battery in this vehicle represents a large
investment and proper care of the battery is vital to the performance of this vehicle. Refer to Appendix Il in this
manual for the full Crown Battery Service Manual.

SAFETY

1.

Always wear eye protection and rubber gloves when working with batteries.

2. Never wear jewelry, watches or rings while working around batteries.

3.  When working on eJP-12, always UNPLUG the battery from the tug. The battery pack is capable of extremely
high currents and could cause serious damage or injury if short-circuited.

4. If battery acid is accidentally spilled on the skin, immediately flush the area with large amounts of water.
Electrolyte splashed in the eyes is extremely dangerous! If this should happen, force the eye open and
flood it with cool, clean water for approximately fifteen minutes. A doctor should be called immediately when
the accident occurs.

5. If you have any doubts or questions, contact Tronair, Inc.

6. The tug charging location should have good ventilation to the outside air. Signs should be posted for
“Explosive Gases”, “No Smoking”, “No Sparks”, “No Open Flames”, and “No Electric Motors”. Check for
additional local ordinances concerning battery-charging safety.

WATERING

1. Add approved water only to a fully charged battery. If the water in your area is not suitable (due to chemicals
and impurities) used distilled or de-ionized water.

2. Keep battery cells filled to proper level. Low water can cause permanent damage to batteries.

3. Check water level once a week. Replace water lost to evaporation. Never add water to a discharged battery. If
upon inspection water is below the battery plate separators before charging, add just enough water to cover
the separators.

4. Never add sulfuric acid to a battery.

5. Do not transfer acid from one cell to another. Never allow the batteries to stand in an uncharged state. Plate
damage will occur.

CHARGING

1. Keep battery compartment open during charging to ensure proper ventilation.

2. The batteries should be recharged when the state of charge indicator has declined to 30-40% (all green lights
off).

3. Keep flame and metal away from the battery tops to prevent battery gasses from exploding.

4. Cool before charging or operating, if battery is above 115° F.

5. Press the emergency stop switch to shut off all electronics prior to charging. In the event that the emergency
stop switch is not pressed, the limit switch at the charging plug will shut the tug off.

PRECAUTIONS

1. Read Appendix Il and “Safety Precautions”

2. Keep battery tops clean and dry.

3. Be sure battery caps are on and secure for spark protection.

4. Check specific gravity levels weekly, after charging, but not directly after service watering. Refer to Appendix
M.

5. Do not overcharge batteries. Allow several hours use between charges.
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UNDERSTANDING SYSTEM FUNCTIONS FOR TROUBLE SHOOTING
EJP-12 DRIVE TRAIN SYSTEM

The eJP-12 is powered by two 16HP AC motors. The motors are connected directly in-line with the brakes and
torque hubs for maximum mechanical efficiency. Motor input to Hub output ratio is 37.5:1. The maximum
programmed draw-bar pull is 8750 Ibs. (horizontal pulling value).

The motors are driven by two separate motor controllers; each is rated at 650 amps for 1 minute and 195 amps
continuous (1 hour). The controllers work in a Master/Slave configuration. Proportional steering is accomplished
with Curtis Dual Drive Operation.

The maximum empty driving speed is 7 MPH. Acceleration and deceleration rates are programmed for smooth
starts and stops thereby limiting the load applied to the NLG.

OVER-LOAD SYSTEM

The output torque, and thereby drawbar-pull, is controlled by programming maximum amperage limits for a given
input. The input signal is provided by a six position selector switch. The present limits are set for draw-bar pulls of
3700 Ibs., 5400 Ibs., 6400, 7000 Ibs., and 8750 Ibs. If a situation is encountered that requires higher amperage
than the pre-set limit, the EJP-12 will come to a stall. The winch is limited to a value just slightly below the draw-bar
pull for each setting. When the winch reaches its maximum pull strength for the chosen input setting, the relief
system will begin to cycle.

BRAKE DESCRIPTION

The eJP-12 has electric dynamic braking and two hydraulically opened parking brakes. The dynamic braking
system is regenerative electric braking from the motors and is provided in two forms. First, as the operator reduces
pressure on the accelerator pedal, either partially or fully, the motors begin braking. This is a soft regenerative
braking and typically is sufficient for stopping the aircraft. If additional stopping power is needed, the foot brake can
be used to provide stronger regenerative braking. This tug is designed to NOT coast when the accelerator pedal is
released. Holding the throttle steady will result in a steady speed. Releasing the throttle will apply programmed
regenerative braking.

The parking brakes consists of two “multiple disc type” brakes, one on each drive motor. These are located at the
end of each motor. The brakes are spring set and are hydraulically opened when the accelerator pedal is used.
When the tug comes to a stop, the parking brakes will set automatically. If stopping on an incline, release the
accelerator pedal slowly. This will allow the Hill-Hold feature to take effect and limit roll-back as the parking brakes
set.

In some tight hangars it is desired to pull the eJP-12 cradle under the aircraft tires. Some models starting mid 2021
will have a Brake Release button near the Winch In button on the fender panel. The Forward/ Neutral/ Reverse
switch must be set to Forward. This allows the hydraulic pump to run and maintain enough pressure for brake
release. The green LED on the fender panel indicates that there is sufficient hydraulic pressure for brake release.
When the Brake Release button is pressed along with the Winch In button, the winch will pull the eJP-10 forward.

OVER-STEER/ OVER-TORQUE PROTECTION SYSTEM FUNCTION

The over-steer/over-torque protection allows enough travel in the winch strap to relieve the torque on the NLG.
Initially there is a small amount of stretch in the winch strap and flex in the tires. When sufficient torque is applied to
the NLG to cause one of the tires to pull away from cradle may, the winch strap will travel outward to relieve the
torque. If the second tire pulls away from the cradle mat, the winch strap will lock again. To apply over-steer
protection, set the OPS switch to the On position.

HYDRAULIC SYSTEM

The hydraulic system is used for parking brake release, steering, cradle motion, and winch motion. The hydraulic
system uses an accumulator to store power for steering and brake release. A pressure switch turns the system on
at 1350 PSI and off at 1850 PSI for accumulator charging. The hydraulic pump has an internal 2500 PSlI relief
valve. See INS-2387 hydraulic schematic.
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7.6 RELAY FUNCTION and CONTACTOR FUNCTION (ELECTRICAL TROUBLE SHOOTING)

In series, the Key On switch and driver's panel Emergency-Stop switches control 72VDC power to the coil of
Contactor 1. When energized, Contactor 1 turns on the 72V-24V DC/DC converter.

24 V power is available to the Key Switch (KS1) when the converter is ON. Turning the Key Switch to the Start
Position (KS2), Turns on Relays K1, K2, and K3.

K1 is simply the Key Switch memory circuit.

K2 applies 24VDC to the remainder of the 24V circuit.

K3 applies power to the 12V lighting circuits.

K4 turns the pump throttle signal on. On models having the Brake Release button on the fender panel, the

pump throttle is controlled by VCL on the CAN bus and the K4 relay is not used.

K5 is a brake light relay and only used with a Brake Light /Turn signal option.

e K6 is used to close the SV5 brake valve when the eJP-12 is turned on..

e Contactor 2 is the main vehicle contactor and is pulled in when K2 relay closes. This contactor remains
energized throughout operation.

e Contactor 3 and 4 are the motor controller contactors and are pulled in by the Master and Slave controllers.
Both of these contactors remain energized throughout operation.

e Contactor 5 is turned on by the Pump Motor controller when the Key Switch is turned to start. This contactor
remains energized throughout operation.

e All drive speed, current limit, and winch limit functions are programmed into the Curtis 1238 motor controllers.

7.7 PRELIMINARY TROUBLE SHOOTING
TROUBLE PROBABLE CAUSE ACTION
Is the E-stop at the driver’s panel pressed? | E-stop must be released. Turn clockwise to release
. Vehicle must be off charge and have the battery
?
Is the charger plugged in* plugged into the vehicle.
Wag .the On switch held in the Start May have to hold in Start position 1-2 seconds
, position?
Won't Start
Is the battery dead? Check battery charge
Has the battery been unplugged from the Check under the front cover on the driver’s side to see
vehicle? that the battery is plugged into the vehicle
Is the E-stop on the front left fender E-stop must be released. Turn clockwise to release
pressed?
Won't Move Is the driver sitting in the seat? Switch in seat must make contact for driving at normal

speed or towing at any speed.

Won’t Move While
Standing

Seat switch must make contact after initial
start.

If the vehicle was started with the driver standing, driver
must sit to initiate seat switch before continuing.

Slow Speed Only

Is the driver sitting in the seat?

Switch in seat must make contact for driving at normal
speed or towing at any speed.

Winch makes cycling
noise and fails to
move aircraft

Is the Aircraft Selector switch in the correct
setting for the aircraft? Are the brakes on
the aircraft set?

The winch will only pull as hard as the value selected on
the Aircraft Selector switch.
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7.8 DASH DISPLAY
7.8.1 Main Run Page
This screen will be displayed at vehicle start-up. E . . F
e Visual Steering Angle indicator will show steering 4.5 MPH STEERING: 48° L
tire position. 15;50 HRS
e Textual Steering Angle display shows steering tire OSP: ON
position in degrees right (R) or left (L) AC 5';.."'.-" a I.\
e Visual Battery State of Charge display is shown. .

Each bar equals approximately 10% of battery
capacity.
e Textual Battery State of Charge shows percentage

= [ piac |
of remaining charge.

e A LOWBATT indication will flash along with red LED lights when battery state of charge is equal to
or below 30% (1 second on, 1 second off).

i Low s AlTr ] - [o]w[a[A] 7!

1560 HRS F’-“SH 1560 HRS

OSP: ON OSP: ON
AC SW: 4 |_\. ACSW: 4 |,\.
A=EAGLE=4 1Ty | A=EAGLE=4 Prvy

e Speed is shown in MPH. (Based on speed of left hand motor.)
e The Hour Counter is shown below the speedometer.
e Oversteer Protection status, ON or OFF is shown below the Hour Counter.
) Aircraft Switch position is shown as AC SW: (1-6).
e A ((P)) will flash when the Parking Brake is engaged (1 second on, 1 second off).
-Ell j Ezle] | F
1560 HRS <220 5 | 1560 HRS
0OSP: ON OSP: ON
AC SW: 4 |_\. ACSW: 4 L\.

®)

_E'HELE-‘ DIAG

| DIAG |
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7.8.2 Error Messages
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e An Over-Steer Fault will cause the red LED’s to flash (1 second on / 1 second off) and will show a
warning message “OVERSTEER FAULT” similar to below.
e When a Controls Error is active, the red LED’s will flash (1 second on, 1 second off) and the
warning message “CONTROLS FAULT” will be displayed.

off).

4.5 MPH
1560 HRS
OSP: OFF
ACSW: 4

| STEERING: 48° L

F

CONTROLS FAULT

(@) A=EAGLE=4 P ]

¢ When Over-Steer Protection is turned OFF, the “OSP: OFF” text will flash (1 second on, 1 second

el | F

STEERING: 48° L

L\,
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FLASH

4.5 MPH
1560 HRS

ACSW: 4

el | F

STEERING: 48° L

L\,

I DIAG I
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7.8.3 Diagnostic Screens

Pressing the “D” button will enter the diagnostic screens. Diagnostics are broken into “pages” for viewing. Arrow
buttons will toggle between pages, with “EXIT” returning to the main menu.

Curtis Controller Error Display:
The screen displays 2-digit numeric codes from the Master or Slave controller. All active codes in a display loop.

TRACTION CONTROLLER FAULTS

ACTIVE MASTER: 36
ACTIVE SLAVE: -

hl—#]EHITI

The remaining screens are used for diagnostic and trouble-shooting purposes. The next 5 screens show the On/Off
status of inputs and outputs that are programmed into the Master and Slave motor controllers.

WINCH RELIEF FUNCTIONS
WINCH RELIEF (OUTPUT): OFF
OVERSTEER MAT 1 (INPUT): ON

Winch Functions: OVERSTEER MAT 2 (INPUT): ON

Winch In input (S-J1-11) ON/OFF AIRCRAFT SELECTOR SW (INPUT): 4.6V
Winch Out input (S-J1-12) ON/OFF P52 PRESSURE SWITCH {INPUT): 3.2 V
Winch In output (M-J1-4) ON/OFF TIMER {OUTPUT): OFF

Winch Out output (M-J1-3) ON/OFF QUERSTEER ON \INEUTEON

Pump Throttle output (M-J1-20) ON/OFF I
Cradle Plug input (M-J1-14) ON/OFF oiac2 |+ | = | EXT

WINCH FUNCTIONS
WINCH IN (INPUT): OFF
WINCH OUT (INPUT): OFF

Winch Relief Functions: WINCH IN (OUTPUT): OFF
¢ elief Functions WINCH OUT [OUTPUT): OFF

Winch Relief output (S-J1-3) ON/OFF a OUTPUT): O
Oversteer Mat 1 input (S-J1-22) ON/OFF Z:Rﬂ;[;ﬂ[lu;t:gm;zp? "
Oversteer Mat 2 input (S-J1-33) ON/OFF

Aircraft Selector value input (M-d1-24) 0-10 VDC

PS2 input (S-J1-24) 0-10 VDC oiac1 [t | e [ ExIT I
Timer output (M-J1-19) ON/OFF

Oversteer ON input (S-J1-14) ON/OFF PUMP FUNCTIONS

P51 PRESSURE SWITCH (INPUT): OFF
PUMP THROTTLE (OUTPUT): ON

Pump Functions:
PS1 input (M-J1-11) ON/OFF
Pump Throttle output (M-J1-20) ON/OFF

p1AG3 [ wmm | = | EXITI
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CRADLE FUNCTIONS

7.8.3 Diagnostic Screens (continued) CRADLE UP (INPUT): OFF
Cradle Functions: CRADLE DOWN (INPUT): OFF
Cradle UP input from RS1 (S-J1-9) ER:D::E Ung;JIUPUT::Lﬁl;F :
Cradle DOWN input from RS2 (S-J1-10) B LI A O
Cradle UP output to SVIA (S-J1-2) SUMETHRTTLE (ORI N

Cradle DOWN output to SV1B (S-J1-4)
Pump Throttle output (M-J1-20) ON/OFF

piAGE | wmm | e | EXITI

DRIVE FUNCTIONS

Drive Functions: SEAT SWITCH (INPUT): OFF

L INTERLOCK {INPUT): ON
Seat Swnt_ch input (M-J1-10) ON/OFF PARK BRAKE SV3 (OUTPUT): OFF
Interlock input (M-J1-9) ON/OFF PARK BRAKE SV7 (OUTPUT): OFF
Park Brake release output SV3 (M-J1-5) ON/OFF PRIMARY MOTOR CONT (QUT): ON
Park Brake release output SV7 (S-J1-5) ON/OFF SLAVE MOTOR CONT (OUT): ON

Slave motor contactor output (S-J1-6) ON/OFF
Master motor contactor output (M-J1-6) ON/OFF

piAGS | e | e | EXITI

The next 2 screens show information used to trouble-shoot Throttle,
Brake, Motor, or heat issues.

Primary and Secondary Drive Monitor: THROTTIE V36 BRAKEV:0

BATT V: 70.5 STEER V: 1.57
System Throttle Voltage STEER ANG: -38

System Brake Voltage LH MOTOR (MSTR)  RH MOTOR (5LV)
Battery Voltage RPM: 1,650 RPM: 1,530
Steering Sensor Voltage (2 decimal places required) RMS AMPS: 160 RMS AMPS: 130
Calculated Steering Angle collipbonio ol i
RPM (x2) : :

Motor RMS Current (x2) I
Motor Throttle Percent (x2) it [ — I = I EXiT
Motor Brake Percent (x2) LH (MSTR) MOTOR: 86°C

MASTER CONTROLLER: 63°C
RH (SLV) MOTOR: 82°C

Motor and Controller Temperatures: SLAVE CONTROLLER: 84°C

LH Master Motor Temperature
Master Drive Temperature
LH Master Motor Temperature
Master Drive Temperature

piAG7 | wmm | e | EXITI

Backlight and Contrast: Adiust Backlight
Pressing the “A” button during normal run operation launches the g' Co g
backlight and contrast adjust screen with built-in timeout to return to an ntrast
the main menu. 0

SECONDS UNTIL RETURN
Units: TO MAIN SCREEN
Pressing the “B” and “C” buttons simultaneously while on the main
Run page will switch speed units from MPH to KPH or vice-versa. -+l - o +
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8.0

AN

8.1

VAN

AN

MAINTENANCE
WARNING

All work on the eJP-12 tug should be performed by competent repair personnel. Before performing
maintenance, review all safety procedures.

GENERAL MAINTENANCE
WARNING

Be certain the eJP-12 is turned off and the battery is unplugged before performing any maintenance. The
hydraulic accumulator can hold pressures up to 2500 PSI while the power is turned on. The accumulator
will dump system pressure through valve SV4 when the power is turned off. This release of pressurized
fluid into the reservoir can be heard every time the eJP-12 is turned off may take as long as 15 seconds.

Check battery water level weekly.

Periodically check the electrical and battery connections for looseness and tighten if necessary.

Check all bolts and hydraulic fittings for looseness. Tighten if necessary.

If battery acid should spill into the battery box or on metal parts, flush with water and baking soda. Sprinkle
baking soda in bottom of battery box to prevent corrosion.

WARNING
Battery acid is corrosive. Wear gloves and eye protection when servicing batteries.

Eal el

5. Keep eJP-12in a clean condition. Check for any unusual conditions, such as bent metal or broken parts.

6. Electric vehicles, such as eJP-12, should never be steam cleaned.

7. Tire Replacement. Replace worn tires with equal or greater capacity tires only. Do not change tire dimensions
when replacing tires.

8.2 LUBRICATION
LUBRICATION CHART

Lube Point Interval Lube Spec Remarks
Hydraulic Pump Daily MIL-PRF-5606) Check level
Torque Hubs gi:rt]i?XnTSm or 200hrs 80/90 Wt. Gear lube Qil Change
Lift Cradle Pivots Monthly SAE 50
Hydraulic Cylinder Pivots Monthly SAE 50 Lube both ends
Steering Axle Hubs Annually Lithium Bearing Grease Re-pack bearings

N\

CAUTION

To avoid potential injury or equipment damage, use proper support and block front tires when either end of
tug is raised.

1. Repack both steering axle hubs with wheel bearing grease on an annual basis. Clean bearings and remove all
old grease using solvent. Do not mix greases having different bases.

2. Check the oil level in the hydraulic pump reservoir every day during preoperational check. Add hydraulic oil, if
necessary. Use MIL-PRF-5606 hydraulic fluid. Make sure the cradle and winch cylinders are fully retracted and
power is off prior to adding fluid. Fluid level should be at least one and one half inches down from the top.

3. Torque Hub Lubrication. Rotate torque hub so that the two filler holes in the face of the hub are at the 12 and 3
o'clock positions. Remove the level screw at the 3 o’clock position of the axle. If oil is not at the level of the
threads, add SAE 90W at the filler plug on top.
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Electric Towbarless Tug

8.3 NYLON STRAPS

1. Pre-shift Inspection Of Straps: Winch, strut and safety straps should be inspected during the daily pre-shift
inspection process.

WARNING
& These straps are the primary means of securing the aircraft to the eJP-12. Failure of these components
could result in death or serious injury and/or significant damage to the aircraft.

2. Worn/Damaged Straps: Discontinue use of any strap that shows signs of wear or damage such as torn or
frayed edges, damaged “D” rings or hooks, loose or broken stitching, signs of chemical damage or holes in
webbing of strap.

3. Periodic Strap Inspection: Strut and winch straps are degraded in tension capacity by normal wear, age and
exposure to the elements. Operators should inspect straps daily during normal pre-shift inspection.

4. Routine Strap Replacement: Strut and winch straps should be associated with a specific tug and tracked for
age. Straps should be routinely replaced annually or after 150 hours of use, whichever occurs first.
Replacement is mandatory if inspection shows any wear or damage that would lower maximum capacity of the
straps or fittings.

5. Non-Routine Strap Replacement: Appendix VI is provided as a guideline for inspecting straps. Straps
provide the primary securing device for your aircraft and as such should be of primary importance in
the maintenance cycle.

8.4 COMPONENT WEAR
Tires should be replaced when the tread depth is less than 4 in.

8.5 REPAIRS

1. Repairs needed on your eJP-12 should be performed by competent repair personnel.

2. The batteries in your eJP-12 must be replaced with like batteries. The charger has been designed to operate
with this size battery. Do not substitute a higher or lower Amp/hour rated battery. All batteries should be
replaced at the same time.

3. Do not attempt to repair the electronic controller. Contact Tronair for proper repair procedures.

4. Contact Tronair before making substitutions of any parts.
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9.0 PRE-SHIFT CHECKLIST

Perform this check every day prior to the first shift. Place X if ok.
Do NOT operate any EJP-12 unit until all discrepancies have been corrected

Week Of:

Date

Inspected
Function By

Check Fluid Levels

Hydraulic Reservoir

Battery Water Level

Condition Check

Hydraulic Hose

Parking Brake Lines

Winch Hydraulic Lines

Lift Cradle Hydraulic Lines

Nylon Winch Strap

Nylon Attachment Straps

Tires

Lights

Operational Check

Foot Service Brake

Dead Man Switch (in accelerator)

Regenerative Electric Braking

Steering

Winch Cylinder

Lift Cradle

Cradle Mat

Leak Check

Hydraulic Pump Bay

All Hydraulic Lines

Battery Cases

Torque Hubs

Monthly Torque Specs

Drive Wheel Lug Nuts — 128 ft Ibs

Rear Wheel Lug Nuts — 90 ft Ibs

Make copies of this page for continued use.
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10.0
10.1

10.2

12.0

13.0

PROVISION OF SPARES
SOURCE OF SPARE PARTS
Spare parts may be obtained from the manufacturer:

TRONAIR, Inc. Telephone: (419) 866-6301 or 800-426-6301
1 Air Cargo Pkwy East Fax: (419) 867-0634
Swanton, Ohio 43558 USA E-mail: sales@tronair.com

Website: www.tronair.com

For Spare Parts, Operations & Service Manuals or Service Needs:
Scan the QR code or visit Tronair.com/aftermarket

RECOMMENDED SPARE PARTS LISTS
Reference the following page(s) for Replacement Parts and Kits available.

K-4225.....cccoiiiiiiieee Filter Element Kit
K-5099.....ccoiiiiiiiiieens Battery Watering Kit
H-3930 ..ooviiiiiiieeees Strut Strap

H-3931 e Safety Strap

H-3933 ..o Protective Cover
EC-1619-04........cceee... Low Voltage Limiter Fuse
EC-1619-18.....cccvvennne. Low Voltage Limiter Fuse
NVSP-34-007-CA.......... LED Headlight

IN SERVICE SUPPORT
Contact Tronair, Inc. for technical services and information. See Section 1.3 — Manufacturer.

GUARANTEES/LIMITATION OF LIABILITY

Tronair products are warranted to be free of manufacturing or material defects for a period of one year after
shipment to the original customer. This is solely limited to the repair or replacement of defective components. This
warranty does not cover the following items:

a) Parts required for normal maintenance

b) Parts covered by a component manufacturers warranty

c) Replacement parts have a 90-day warranty from date of shipment

If you have a problem that may require service, contact Tronair immediately. Do not attempt to repair or
disassemble a product without first contacting Tronair, any action may affect warranty coverage. When you contact
Tronair be prepared to provide the following information:

a) Product Model Number

b) Product Serial Number

c) Description of the problem

If warranty coverage is approved, either replacement parts will be sent or the product will have to be returned to
Tronair for repairs. If the product is to be returned, a Return Material Authorization (RMA) number will be issued for
reference purposes on any shipping documents. Failure to obtain a RMA in advance of returning an item will result
in a service fee. A decision on the extent of warranty coverage on returned products is reserved pending inspection
at Tronair. Any shipments to Tronair must be shipped freight prepaid. Freight costs on shipments to customers will
be paid by Tronair on any warranty claims only. Any unauthorized modification of the Tronair products or use of the
Tronair products in violation of cautions and warnings in any manual (including updates) or safety bulletins
published or delivered by Tronair will immediately void any warranty, express or implied.

The obligations of Tronair expressly stated herein are in lieu of all other warranties or conditions expressed or
implied. Any unauthorized modification of the Tronair products or use of the Tronair products in violations
of cautions and warnings in any manual (including updates) or safety bulletins published or delivered by
Tronair will immediately void any warranty, express or implied and Tronair disclaims any and all liability for
injury (WITHOUT LIMITATION and including DEATH), loss or damage arising from or relating to such
misuse.

APPENDICES

APPENDIX | Wiring Diagram INS-2441

APPENDIX Il Hydraulic Schematic INS-2387

APPENDIX Il Battery Manual

APPENDIX IV Battery SDS

APPENDIX V Curtis Diagnostics and Troubleshooting

APPENDIX VI Battery Charger Operator/Installer Manual
APPENDIX VII Flat Sling Inspection

APPENDIX VI Royco 756 (MIL-PRF-5606) Safety Data Sheet (SDS)

APPENDIX IX Declaration of Conformity
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Parts List lllustration
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Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

T O =0 9Ll
i | 1 TR -'_1LI | J_: 1 |i |
| l <] : I d [, .}
| _'_-_-51 o L [+ ] '1,1_____;_ U
18 N 5 -
Item | Part Number Description Qty
1 Z-9593-01/SP FRAME PACKAGE 1
2 Z-9506 ASSEMBLY, eJP12 1
3 | Z-9026-01/SP CRADLE PACKAGE 1
4 V-2696 LABEL, CHARGER PLUG 1
5 V-2859 LABEL, LOADING INSTRUCTION 1
6 V-2249 LABEL, FASTEN SEAT BELT 1
7 V-2194 LABEL, SIT DOWN 2
8 V-2187 LABEL, BATTERY INSTRUCTIONS 1
9 V-2146 LABEL, BATTERY CHARGER PLUG IN 1
10 | V-2118 LABEL, SERIAL NO. (CE) 1
11 | V-1999 LABEL, ISO HAND CRUSH 1
12 | V-1814 LABEL, WARNING KEEP 5 FT 2
13 | JP-079 FILLER, BATTERY 1
14 | H-3933 COVER, PROTECTIVE 2
15 | H-3931 STRAP, SAFETY 1
16 | H-3930 STRAP, STRUT 36 IN 2
17 | H-2899 TAPE, REFLECTIVE WHITE 8
18 | H-2807-004.00 REFLECTOR, RED 16
19 | H-2806 REFLECTOR, YELLOW 8
20 | C-edP12 OPERATION, MANUAL eJP12 1
21 Z-9602-01 COVER, PACKAGE, eJP12 (P) 1
22 | JP-243 MIRROR, REAR VIEW SIDE 1
23 | V-2726 LABEL, eJP-12 2
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Parts List

eJP-12, eJP-12SP
Electric Towbarless Tug

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item | Part Number Description Qty
1 Z-9508 ASSEMBLY, BATTERY COVER 1
2 | JP-236 BRACKET BRACKET 4
3 | G-1476-103106 SCREW, #10-32 X 3/4" LG. SST SOC BUTT. HD CAP 8
4 | G-1202-1035 STOPNUT, #10-32 ELASTIC 8
5 | G-1503-1050N FLATWASHER. 1/4 SST NARROW 2
6 | G-1502-1050R LOCKWASHER, 1/4 SST REGULAR 2
7 | G-1476-105010 SCREW, 1/4-20 X 1.0" LG. SST SOC BUTT. HD CAP 2
8 | JP-235 GAS STRUT 4
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Parts List

eJP-12, eJP-12SP
Electric Towbarless Tug

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item | Part Number Description Qty
1 H-3868 HINGE, PANIO 2
2 | S-2905 COVER, FRONT REF
3 H-3056 BRACKET 90 DEG W/.390 BALL 1
4 | S-3205-00 TAB, HINGE (P) 1
5 | G-1476-103104 SCREW, #10-32 X 1/2" LG. SST SOC BUTT. HD CAP 12
6 | G-1476-103004 SCREW, #10-24 X 1/2" LG. SST SOC BUTT. HD CAP 10
7 | G-1503-1030N FLATWASHER. #10 SST NARROW 12
8 | G-1503-1050N FLATWASHER. 1/4 SST NARROW 4
9 | G-1202-1035 STOPNUT, #10-32 ELASTIC 2
10 | Z-9569-00/-SP WELDMENT, COVER SHORT REF
11 | G-1502-1050R LOCKWASHER, 1/4 SST REGULAR 4
12 | G-1112-105010 BOLT, 1/4-20 X 1.0" LG SST HEX HD 4
13 | G-1512-1030 NUT, 10-24 ACORN HEX (SST) 10
14 | H-3882 GAS, STRUT 1
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Parts List

edP-12, eJP-12SP

Electric Towbarless Tug

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

ASSEMBLY PLUG

ltem | Part Number Description Qty
1 4002-31 CONTACT PIN (16 AWG) 2
2 | EC-2098 RECEPTACLE, 2 PIN 1
3 | EC-2099 WEDGELOCK, 2 PIN 1
4 | G-1112-107010 BOLT, 38-16 X 1.0" SST HEX HD 4
5 | G-1502-1070R LOCKWASHER, 3/8 SST REGULAR 4
6 | G-1503-1070N FLATWASHER. 3/8 SST NARROW 4
7 | NVSP-34-007-CA HEADLIGHT, LED SQ 500 LUMEN 1
8 | S-2848-01 PANEL, MOTOR COVER 1
9 | S-3809 WINCH, GUARD 1
10 | V-1050 LABEL, ISO ELECTRICAL SHOCK 1
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Electric Towbarless Tug

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

NOTE: Place Iltem 9 (H-1204-06-81.0) outer edge of panel to seal panel to console wall of unit

Item | Part Number Description Qty
1 J-6379-00 PANEL, CONSOLE SIDE REF
2 14074 HANDLE, DRAWER 1
3 | V-1050 LABEL, ISO ELECTRICAL SHOCK 1
4 | G-1503-1050N FLATWASHER. 1/4 SST NARROW 6
5 | G-1503-1020N FLATWASHER. #8 SST NARROW 2
6 | G-1502-1050R LOCKWASHER, 1/4 SST REGULAR 6
7 | G-1112-105010 BOLT, 1/4-20 X 1.0" LG SST HEX HD 6
8 | G-1159-102004 SCREW, #8-32 X 1/2" LG. RD HEAD CROSS RECESS MACHINE 2
9 H-1204-06-81.0 TAPE, NEOPRENE FOAM SEAL 1
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Electric Towbarless Tug

——

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.
N
.\%/}

Item | Part Number Description Qty
1 J-6537 PLATE, COVER 1
2 J-6077-00 PLATE, HOLD DOWN ARM (P) 2
3 G-1476-106012 SCREW, 5/16-18 X 1-1/4" LG. SST SOC BUTT. HD CAP 2
4 G-1476-105006 SCREW, 1/4-20 X 3/4" LG. SST SOC BUTT. HD CAP 2
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eJP-12, eJP-12SP
Electric Towbarless Tug

Parts List lllustration
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Electric Towbarless Tug

Parts List lllustration

——CUT TTEM K-3461.02 TO
A LENGHT OF B INCHES

~—CUT ITEM H-3461.02 TO A

——CUT ITEM H-3461-02 TO LENGHT OF 30 INCHES

A LENGHT OF €0 INCHES
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Parts List lllustration

eJP-12, eJP-12SP
Electric Towbarless Tug

& il
DETAIL A PER SIDE DETAIL C
CRADLE PIN BACK OF CYL. PIN
) -@_E =
—_dr
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SECTION B-B
WINCH CYL.
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Electric Towbarless Tug

Parts List lllustration
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Electric Towbarless Tug

Parts List lllustration

USE 3 GALLONS OF L-1003
FLUID (MIL-H-5606})

IN HYDRAULIC

/' RESERVOIR TANK
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eJP-12, eJP-12SP
Electric Towbarless Tug

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.
Item | Part Number Description Qty
1 Z-9494 ASSEMBLY, INTERNAL eJP12 1
2 Z-9497 ASSEMBLY, WINCH ROLLER 1
3 Z-9251 ASSEMBLY, FILTER 1
4 Z-9285 ASSEMBLY, MAIN VALVE 1
5 Z-9252 ASSEMBLY, ACCUMULATOR 1
6 HC-2746 CYLINDER, HYDRAULIC 2
7 N-2001-06-S-B ELBOW, STRAIGHT THREAD 2
8 H-4040-02 GROMMET, 1.5 IN. I.D. G3061 1
9 H-4040-01 GROMMET, 3.0 IN. I.D. G3319 (65 DURO,SBR) 2
10 R-3098 PIN, CYLINDER 2
11 G-1320-01 PIN, LYNCH 6
12 CYL PIN CYL. PIN SUPPLY WITH CYL (INCLUDE WITH CYLINDER) REF
13 Z-9532-01-1 FROM ACCUMULATOR PORT TO MAIN VALVE BLOCK P8 REF
14 Z-9532-05 FROM MAIN VALVE BLOCK P9 TO STEERING VALVE PRESSURE REF
15 Z-9532-04 FROM MAIN VALVE BLOCK P11 TO STEERING VALVE TANK REF
16 Z-9532-03-1 FROM STEERING VALVE LEFT TO ROTARY ACTUATOR BOTTOM PORT REF
17 Z-9532-03-2 FROM STEERING VALVE RIGHT TO ROTARY ACTUATOR TOP PORT REF
18 Z-9532-06-3 FROM MAIN VALVE BLOCK P3 TO CRADLE CYLINDER DRIVER SIDE BLIND END REF
19 Z-9532-06-4 FROM MAIN VALVE BLOCK P3 TO CRADLE CYLINDER PASSENGER SIDE BLIND END REF
20 Z-9532-09 FROM MAIN VALVE BLOCK P4-1 TO CRADLE CYLINDER DRIVER'S SIDE ROD END REF
21 Z-9532-10 FROM MAIN VALVE BLOCK P4 TO CRADLE CYLINDER PASSENGER'S SIDE ROD END REF
22 Z-9532-07-1 FROM MAIN VALVE BLOCK P5 TO WINCH VALVE BLOCK P5 REF
23 Z-9532-07-2 FROM MAIN VALVE BLOCK P6 TO WINCH VALVE BLOCK P1 REF
24 Z-9532-08 FROM WINCH VALVE BLOCK P2 TO WINCH CYLINDER BLIND END PORT REF
25 Z-9532-01-2 FROM FILTER OUTLET PORT TO MAIN VALVE BLOCK P REF
26 N-2007-06-S-B CONNECTOR, STR THD 2
27 Z-9532-02 FROM PUMP PRESSURE PORT TO FILTER INLET PORT 1
28 Z-9532-13 FROM MAIN BLOCK "T" TO PUMP RETURN PORT 1
29 Z-9532-06-1 FROM MAIN BLOCK P10 TO PARKING BRAKE MASTER SIDE 1
30 Z-9532-11 FROM MAIN BLOCK P10-2 TO PARKING BRAKE SLAVE SIDE 1
31 H-3461-02 FLEXABLE, SLEEVE COVER 1-1/2 ID 128
32 V-2711 LABEL, ELECTRICAL FAILURE 1
33 V-2651 LABEL, ELECTRICAL FAILURE WINCH 1
34 Z-9586 ASSEMBLY, HYDRAULIC RESERVOIR 1
35 Z-9532-12 FROM TANK SUPPLY (RIGHT SIDE) TO PUMP SUPPLY 1
36 Z-10754 ASSEMBLY, TERMINAL COVER 1
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Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

51

SECTION A-&
SCALES! &

ltem | Part Number Description Qty
1 HC-2687 CYLINDER, HYDRAULIC 3.5 X 24IN 1
2 Z-9045 ASSEMBLY, WINCH ROLLER 1
3 CYL PIN COMW WITH CYLINDER -2
4 G-1320-01 PIN, LYNCH 4
5 HC-2743 ASSEMBLY, CYLINDER VALVES 1
6 N-2007-05-S-B | CONNECTOR, STR THD 3
7 N-2987 BSPP #4 SAE/ORB x 1/4" MALE 1
8 HC-2690 PRESSURE, SENSOR 1
9 N-2001-06-S-B | ELBOW, STRAIGHT THREAD 1
10 | N-2001-11-S-B | ELBOW, STRAIGHT THREAD 1
11 N-2020-03-S REDUCER, TUBE END 1
12 | N-2000-06-S NUT, #8 JIC X 37 DEG 1
13 | N-2036-03-S-B | SWIVEL, 37 DEG FEMALE 1
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eJP-12, eJP-12SP
Electric Towbarless Tug

TRONAIR®

——

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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ltem | Part Number Description Qty
1 Z-9517 WELDMENT, CONTAINER 2 GAL 1
2 HC-1030-01 FILLER-BREATHER NON VENTED 1
3 J-6543 CAP, CLEAN OUT 1
4 HC-2006-334 O-RING, SERIES 2 1
5 G-1503-1070N FLATWASHER. 3/8 SST NARROW 7
6 G-1502-1070R LOCKWASHER, 3/8 SST REGULAR 5
7 G-1112-107010 BOLT, 38-16 X 1.0" SST HEX HD 5
8 G-1112-107006 BOLT, 38-16 X 3/4" SST HEX HD 1
9 G-1157-103504 SCREW, #10-32 X 1/2" LG PAN HD CROSS RECESS 6
10 S-3241 BRACKET, ANGLE (P) 1
11 G-1439-1070-S NUTSERT, 10-32 OPEN END 3
12 G-1202-1070 STOPNUT, 3/8-16 ELASTIC 1
13 | G-1203-1070 JAMNUT, 3/8-16 ELASTIC 4
14 V-1102 LABEL, MIL-PRF-5606 1
15 N-2020-03-S REDUCER, TUBE END 1
16 N-2000-06-S NUT, #8 JIC X 37 DEG 1
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When ordering replacement parts/kits, please specify model, serial number and color of your unit.

edP-12, eJP-12SP

Electric Towbarless Tug

Parts List
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ltem | Part Number Description Qty
1 HC-1244 BODY, FILTER-4 1
2 TR377-03-001.63 TBG, SST .500D-.049W 2
3 G-1250-1050W FLATWASHER. #8 WIDE 2
4 G-1100-105544 BOLT, 1/4-28 X 4-1/2" LGHEXHD GR 5 2
5 G-1202-1055 STOPNUT, 1/4-28 ELASTIC 2
6 N-2016-05-S TEE, RUN SWIVEL NUT 1
7 N-2008-05-S CAP, 3/8 1
8 N-2001-39-S-B ELBOW, STR THD (MB) 2
9 HC-1731-04-005 VALVE, CHECK (INLINE) 1
10 | N-2036-03-S-B SWIVEL, 37 DEG FEMALE 1
11 | HC-1322 ELEMENT, FILTER 1
12 | N-2007-08-S-B CONNECTOR, STR THD 1
13 | V-2231 LABEL, FILTER ELEMENT REPLACEMENT 1
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Electric Towbarless Tug

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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eJP-12, eJP-12SP
Electric Towbarless Tug

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.
ltem | Part Number Description Qty
HC-2742 ASSEMBLY, VALVE MANIFOLD
N-2053-03-S-B PLUG, HEX HD W/O-RING
N-2001-08-S-B ELBOW, STRAIGHT THREAD
N-2001-05-S-B ELBOW, STRAIGHT THREAD
N-2001-03-S-B ELBOW, STRAIGHT THREAD
N-2007-05-S-B CONNECTOR, STR THD
N-2007-08-S-B ADAPTER, -06 JIC M X -06 ORB M

G-1503-1060N

FLATWAHER, 5/16 NARROW S.S.

G-1112-106060

BOLT, 5/16-18 X 6.0" LG. SST HEX HD

— | — | — | — | — | et [ b | b | b |,
o|lo|N|lo|lo|r|lw|d|m|lo|@ (P N~ WO IN =

G-1202-1060 STOPNUT, 5/16-18 ELASTIC
N-2846-02 FITTING, ADAPTOR
EC-2204-PGM-4 PRESSURE SENSOR, PROGRAMMED
V-2710 LABEL, LOWERING CRADLE
N-2002-05-S ELBOW, -06 M JIC X -06 F JIC
N-2053-06-S-B PLUG, HEX HD W/O-RING
N-2015-08-S-B TEE, RUN STR THD
HC-2742-10_ FLOW, CONTROL PRESSURE COMP
N-2008-05-S-E CAP, 3/8
EC-2204-PGM-5 PRESSURE SENSOR, PROGRAMMED
20 | EC-3307 VAKVE, PROPORTIONAL
21 | N-2016-03-S TEE, RUN SWIVEL NUT
22 | G-1513-1060N FLATWASHER, THRU HARD N

WA A|Aajlalalalalalalalplwlw|lolwimdIdDIDIND]|— ]| —
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Parts List

eJP-12, eJP-12SP
Electric Towbarless Tug

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item | Part Number Description Qty
1 HC-2747 ACCUMULATOR 1
2 H-3074-04 BRACKET, CLAMP 2
3 N-2001-39-S B ELBOW, STR THD 1
4 | G-1250-1070N FLATWASHER. 3/8 NARROW 8
5 | G-1202-1070 STOPNUT, 3/8-16 ELASTIC 4
6 | G-1100-107010 BOLT, 3/8-16 X 1.0" HEX HD GR 5 4
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Parts List lllustration
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Electric Towbarless Tug
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edP-12, eJP-12SP

Electric Towbarless Tug

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item | Part Number Description Qty
1 Z-9488 ASSEMBLY, BATTERY BOX 1
2 Z-9289 ASSEMBLY, STROBE LIGHT 1
3 Z-9283-01 ASSEMBLY, SEAT DRIVERS SIDE 1
4 Z-9283-02 ASSEMBLY, SEAT DRIVERS SIDE 1
5 Z-9294 ASSEMBLY, BRAKE PEDAL 1
6 Z-9288 ASSEMBLY, FOOT PEDAL 1
7 S-2598-01 PLATE, BASE LIGHT 11 GA 2
8 NVSP-34-007-CA HEADLIGHT, LED SQ 500 LUMEN 4
9 Z-9281 ASSEMBLY, CONSOLE COVER 1
10 | Z-9496 ASSY, CENTER CONTROL PANEL 1
11 | Z-9282 ASSY, WINCH ROLLER 4 IN WIDE 1
12 | Z-9295 ASSEMBLY, ELECTRICAL 1
13 | Z-9286 ASSEMBLY, SUPPORT BRACKET 3
14 | Z-8899 ASSEMBLY, CRADLE 1
15 | S-2597-01 PLATE, COVER 1
16 | S-2846-01 PLATE, COVER MOTOR BOTTOM 2
17 | S-2879-01 BRACKET, REAR 2
18 | S-2873-01 BRACKET, RIGHT 1
19 | Z-9051 ASSEMBLY, FENDER E-STOP 1
20 | Z-8950-01 WELDMENT, PANEL SIDE RT (P) 1
21 | Z-8951-01 WELDMENT, PANEL SIDE LT (P) 1
22 | G-1440-1050-S NUTSERT, 1/4-20 OPEN END 16
23 | Z-8841-01 WELDMENT, BRACE (P) -1
24 | Z-9510 ASSEMBLY, COVER CONTACT 1
25 | Z-9501 ASSEMBLY, BRACKET 1
26 | Z-10857 ASSEMBLY, FENDER SWITCHES 1
27 | Z-9470 ASSEMBLY, STEERING 1
28 | G-1503-1050N FLATWASHER. 1/4 SST NARROW 32
29 | G-1503-1070N FLATWASHER. 3/8 SST NARROW 4
30 | G-1502-1050R LOCKWASHER, 1/4 SST REGULAR 28
31 | G-1502-1070R LOCKWASHER, 3/8 SST REGULAR 4
32 | G-1112-105010 BOLT, 1/4-20 X 1.0" LG SST HEX HD 24
33 | G-1112-105006 BOLT, 1/4-20 X 3/4" LG SST HEX HD 8
34 | G-1112-107010 BOLT, 38-16 X 1.0" SST HEX HD 4
35 | J-3881-01 PLATE, WINCH STRAP CLAMP 1
36 | G-1250-1100N FLATWASHER, 5/8 NARROW 4
37 | G-1202-1105 STOPNUT, 5/8-18 ELASTIC 2
38 | G-1420-110522 BOLT, 5/8-18 X 2-1/4" HEX HD GR 8 2
39 | EC-2991 CONVERTER, 72VDC/12VDC 1
40 | G-1250-1020N FLATWASHER, #8 NARROW 8
41 | G-1159-102006 SCREW, #8-32 X 3/4" LG. RD HEAD CROSS RECESS MACHINE 4
42 | G-1202-1020 STOPNUT, #8-32 ELASTIC 4
43 | EC-2993-09 ADAPTER, CONDUIT 1
44 | EC-1176-09 LOCKNUT, CONDUIT 1
45 | Z-9573 ASSEMBLY, MOTOR 1
46 | U-1188 ASSEMBLY, WHEEL TIRE 2
47 | G-1550 NUT, 5/8-18 TAPERED LUG 18
48 | EC-3012 HARNESS, eJP10 DASH 1
49 | EC-3055 HARNESS, LAYOUT eJP12 1
50 | Z-9502 ASSEMBLY, PUMP CONTROLLER 1
51 | EC-3056 PUMP MOTOR WIRING HARNESS 1
52 | EC-3286 CONVERTER 72/24 VDC 1
53 | G-1202-1050 STOPNUT, 1/4-20 ELASTIC 4
54 | EC-3304 CAN WIRE HARNESS 1
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TRONAIR Electric Towberiess Tug
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Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

BACKREST
2
=
4 - 1
1
3
Item | Part Number Description Qty
1 JP-118 STOBE, LIGHT 1
2 | JP-166 COVER, STROBE LIGHT
3 G-1497-102004 SCREW, #8-32 X 1/2" LG SST RD PH 3
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1-RONA’__R_("3 eJP-12, eJP-12SP

Electric Towbarless Tug

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.

!
1-9283-02
— PASSENGER SIDE
(/7\)
(;1/(\6\\\

1-9283-01
DRIVER SIDE

/ﬁ ’ v Tem

5

s

ltem | Part Number Description Qty
1 JP-227 SEAT 1
2 JP-228 ARM REST 1
3 G-1503-1060N FLATWASHER. 5/16 SST NARROW 4
4 G-1503-1080N FLATWASHER. 7/16 SST NARROW 2
5 G-1501-1060 STOPNUT, 5/16-18 SST ELASTIC 4
6 G-1100-108510 BOLT, 7/16-20 X 1.0"HEX HD GR 5 2
7 JP-229-1 REEL, SEAT BELT 1
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TRON ’R® edP-12, eJP-12SP

Electric Towbarless Tug

——

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

32
Item | Part Number Description Qty
1 EC-2766 FOOT, PEDAL 1
2 | G-1503-1060N FLATWASHER. 5/16 SST NARROW 4
3 | G-1112-106012 BOLT, 5/16-18 X 1-1/4" LG. SST HEX HD 2
4 | G-1202-1060 STOPNUT, 5/16-18 ELASTIC 4
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edP-12, eJP-12SP

Electric Towbarless Tug

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item | Part Number Description Qty
1 G-1503-1050N FLATWASHER. 1/4 SST NARROW 11
2 G-1502-1050R LOCKWASHER, 1/4 SST REGULAR 6
3 EC-2985 MODIFIED, PEDAL FOOT EC-2961 1
4 G-1112-105010 BOLT, 1/4-20 X 1.0" LG SST HEX HD 8
5 g-1202-1050 STOPNUT, 1/4-20 ELASTIC 2
6 J-6184-01 PANEL, BRAKE 1
7 H-1721-01 CLAMP, ELECTRICAL 1
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1-RONA’__R_("3 eJP-12, eJP-12SP

Electric Towbarless Tug

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

41213
/

Item | Part Number Description Qty
1 JP-234 FAIRLEAD, ROLLER 1
2 G-1503-1090N FLATWASHER. 1/2 SST NARROW 4
3 G-1420-109513 BOLT, 1/2-20 X 1-3/8" HEX HD GR 5 2
4 G-1202-1095 STOPNUT, 1/2-20 ELASTIC 2
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1-RONA’__R_("3 eJP-12, eJP-12SP

Electric Towbarless Tug

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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Item | Part Number Description Qty
1 J-6374-01 PANEL, CONSOLE TOP (P) 1
2 | V-2191 LABEL, CAUTION HAND/FEET 1
3 V-2553 LABEL, E-STOP 1
4 G-1503-1050N FLATWASHER. 1/4 SST NARROW 10
5 G-1502-1050R LOCKWASHER, 1/4 SST REGULAR 10
6 G-1112-105010 BOLT, 1/4-20 X 1.0" LG SST HEX HD 10
7 V-1001 LABEL, MADE IN USA 1
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Electric Towbarless Tug
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edP-12, eJP-12SP

Electric Towbarless Tug

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item | Part Number Description Qty
1 13070 ANCHOR DINRAIL END 2
2 EC-2555 TERMINAL, BLOCK FUSE 6
3 S-3073-01 SHELF 1
4 EC-1895-008.00 RAIL, DIN 1
5 G-1439-1035-S NUTSERT, #10-32 OPEN END 2
6 EC-2948 JUMPER, ADJACENT NOMINAL 3
7 G-1503-1050N FLATWASHER. 1/4 SST NARROW 14
8 G-1503-1030N FLATWASHER. #10 SST NARROW 2
9 G-1502-1050R LOCKWASHER, 1/4 SST REGULAR 6
10 | G-1112-105006 BOLT, 1/4-20 X 3/4" LG SST HEX HD 10
11 | G-1497-103106 SCREW, #10-24 X 3/4" LG. SST PAN HD CROSS RECESS 2
12 | EC-2690 RELAY, TIME DELAY ON 1
13 | EC-3073 FUSE, RELAY BOX 1
14 | EC-2411 PLATE, END DIODE BLOCK 1
15 | G-1202-1050 STOPNUT, 1/4-20 ELASTIC 4
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eJP-12, eJP-12SP
Electric Towbarless Tug

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

OVERSTEER PRO

(OSP) START
E-STOP
12
12
14
FOWARD / REVERSE
12
ROTARY SWITCH
13 13

Item | Part Number Description Qty
1 EC-2745 SWITCH, TOGGLE 3 POS (DPDT)8002K98 - 1/4 QUICK-DISCONNECT 2
2 EC-2931 SWITCH, ROTARY 1
3 | ec-2693 LAMP, PANEL LED (WHITE) 1
4 EC-2746 SWITCH, TOGGLE 2 POS (SPST)8002K71 - 1/4" QUICK DISCONNECT 1
5 EC-2747 SWITCH, TOGGLE 2 POS (DPST)8002K77 - 1/4" QUICK DISCONNECT 1
6 14132 SWITCH, EMERGENCY STOP 1
7 14133 SWITCH, IDLR/RUN 1
8 EC-2740 SWITCH, 3 POSITION SPRING R/L 1
9 EC-2741 SWITCH SWITCH, 3 POS MAINT W/LEVE 1
10 | XL00-10-001-CAP DISPLAY, PROGRAMMED 1
11 | V-2687 LABEL, CONTROL PANEL 1
12 | 14142 FLANGE, LATCH 4
13 | 14143) BLOCK, CONTACT (GREEN) 3
14 | 14144 BLOCK, CONTACT (RED) 5
15 | G-1658-04 WASHER W/NEOPRENE #10 17
16 | G-1476-103106 SCREW, #10-32 X 3/4" LG. SST SOC BUTT. HD CAP 17
17 | G-1439-1035-S NUTSERT, #10-32 OPEN END 17
18 | S-3055-01 PLATE, COVER 1
19 | S-3024-01 CONSOLE CENTER BASE 1
20 | S-3025-01 CONSOLE, CENTER TOP (P)(R) 1
21 | EC-2932 KNOB 1
22 | EC-2744 SEAL, TOGGLE SWITCH 4
23 | Z-9536 ASSEMBLY, CENTER CONTROL PANEL 1
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1-RONA’__R_(.‘D edP-12, eJP-12SP

Electric Towbarless Tug

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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Item | Part Number Description Qty

1 S-3043-01 BRACKET, LONG 1

2 | G-1503-1050N FLATWASHER. 1/4 SST NARROW 4

3 | G-1502-1050R LOCKWASHER, 1/4 SST REGULAR 4

4 | G-1440-1050-S NUTSERT, 1/4-20 OPEN END 7

5 | G-1112-105010 BOLT, 1/4-20 X 1.0" LG SST HEX HD 4
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Parts List

eJP-12, eJP-12SP
Electric Towbarless Tug

When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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Item | Part Number Description Qty
1 Z-9024-01/SP WELDMENT, CRADLE ASSY REF
2 | J-6283-01/SP PLATE, MOVABLE SIDE REF
3 | Z-6508-01/SP WELDMENT, CRADLE PLATE REF
4 | Z-6322-01/SP WELDMENT, CRADLE ASSY STOP REF
5 | Z-6509-01/SP WELDMENT, NOSE SHOE REF
6 | JP-115 PLUNGER, INDEXING 1
7 EC-2623 SWITCH, TAPE 1
8 H-3689 BEARING, FLANGE 1-1/41D 1-1/20D X 1 LG 2
9 R-3002 ROD, CRADLE 2
10 | JP-114 LINCH, PIN 4
11 | G-1250-1090N FLATWASHER. 1/2 NARROW 8
12 | G-1112-109016 BOLT, 1/2-13 X 1-3/4" SST HEX HD 4
13 | G-1202-1090 STOPNUT, 1/2-13 ELASTIC 4
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1-RONA’__R_("3 eJP-12, eJP-12SP

Electric Towbarless Tug

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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ltem | Part Number Description Qty
1 S-2874-01 BRACKET, E-STOP 1
2 14132 SWITCH, E-STOP 1
3 14144 BLOCK, CONTACT (RED) 3
4 14142 FLANGE, LATCH 1

04/2024 | Rev. 05 Page | 57



TRONAIR®

Parts List

eJP-12, eJP-12SP
Electric Towbarless Tug

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item | Part Number Description Qty
1 S-3860-00 PANEL, SWITCH W/ BRAKE RELEASE 1
2 EC-2745 SWITCH, TOGGLE 3 POS (DPDT) 2
3 | G-1503-1030N FLATWASHER. #10 SST NARROW 4
4 | G-1502-1030R LOCKWASHER, #10 SST REGULAR 4
5 | G-1476-103110 SCREW, #10-32 X 1.0" LG. SST SOC BUTT. HD CAP 4
6 EC-2826 LED, PANEL LAMP (GREEN) 1
7 EC-2947 PUSH BUTTON, MOMENTARY 1
8 | V-2830 LABEL, FENDER SWITCH 1
9 EC-2744 RUBBER, SWITCH BOOTS 2
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Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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1-RONA’__R_("3 eJP-12, eJP-12SP

Electric Towbarless Tug

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item | Part Number Description Qty
1 J-6534 MACHINE, COVER CONTACT 1
2 G-1503-1030N FLATWASHER. #10 SST NARROW 10
3 G-1202-1035 STOPNUT, #10-32 ELASTIC 5
4 G-1476-103110 SCREW, #10-32 X 1.0" LG. SST SOC BUTT. HD CAP 5
5 S-2859-00 BRACKET, COVER(P) 1
6 V-1050 LABEL, ISO ELECTRICAL SHOCK 1
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Parts List

eJP-12, eJP-12SP
Electric Towbarless Tug

When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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Item | Part Number Description Qty
1 S-3189-01 BRACKET, COVER 1
2 G-1440-1050-S NUTSERT, 1/4-20 OPEN END 7
3 G-1503-1050N FLATWASHER. 1/4 SST NARROW 4
4 G-1502-1050R LOCKWASHER, 1/4 SST REGULAR 4
5 G-1112-105010 BOLT, 1/4-20 X 1.0" LG SST HEX HD 4
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eJP-12, eJP-12SP
Electric Towbarless Tug

Parts List lllustration
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eJP-12, eJP-12SP
Electric Towbarless Tug

TRONAIR®
Parts List lllustration
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eJP-12, eJP-12SP
Electric Towbarless Tug

G-1420-106040

BOLT, 5/16-18 X 4" LG. HEXHD GR 8

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item | Part Number Description Qty
1 Z-9474 P3 SUBFRAME, STEERING REF
2 Z-9471-00 WELDMENT, STEER PLATE REF
3 N-2001-35-S-B ELBOW, STRAIGHT THREAD (6-4) 2
4 HC-2870 ACTUATOR, ROTARY 1
5 EC-2996 SENSOR, ROTARY HALL EFFECT 1
6 J-6536 PLATE, SENSOR ARM 1
7 R-3141 EXTENSION, ROD 1
8 R-3136 EXTENSION, ROD 1
9 R-2319 SPACER, STEERING 1
10 | H-3067 STEERING, COLUMN 1
11 | H-3068 STEERING, WHEEL 1
12 | N-2001-09-S-B ELBOW, STRAIGHT THREAD 2
13 | N-2020-03-S REDUCER, TUBE END 2
14 | N-2000-06-S NUT, #8 JIC X 37 DEG 2
15 | N-2706-03-S-B ELBOW, LONG STR THD 2
16 HC-2789 STEERING VALVE (P) 1
17 | J-6387 BLOCK, HOSE ROUTING 1
18 | S-2695-01 HINGE, SPACER 1
19 2

4
2
4
2
9
2
2

20 | G-1503-1060N FLATWAHER, 5/16 NARROW S.S.

21 | G-1202-1060 STOPNUT, 5/16-18 ELASTIC

22 | G-1100-105514 BOLT, 1/4-28 X 1-1/2" LGHEX HD GR 5

23 | JP-242 BUMPER GUARDS, STEER COWL

24 | G-1250-1070N FLATWASHER. 3/8 NARROW

25 | G-1100-107012 BOLT, 3/8-16 X 1-1/4" HEXHD GR 5

26 | G-1202-1070 STOPNUT, 3/8-16 ELASTIC

27 | G-1251-1090R LOCKWASHER, 1/2 REGULAR 24
28 | G-1100-109014 BOLT, 1/2-13 X .1-1/2" HEX HD GR 5 24
29 | G-1251-1070R LOCKWASHER, 3/8 REGULAR 4
30 | G-1100-107030 BOLT, 3/8-16 X 3.0" HEX HD GR 5 4
31 | G-1250-1060N FLATWASHER. 5/16 NARROW 4
32 | G-1100-106514 BOLT, 5/16-24 X 1-1/2" LG. HEXHD GR 5 1

33 | G-1100-106520 BOLT, 5/16-24 X 2" LG. HEXHD GR 5 1

34 | G-1202-1065 STOPNUT, 5/16-24 ELASTIC 2
35 | G-1503-1030N FLATWASHER. #10 SST NARROW 8
36 | G-1202-1035 STOPNUT, #10-32 ELASTIC 6
37 | G-1240 NUT, SHACKLE 6
38 | G-1476-103116 SCREW, #10-32 X 1-3/4" LG. SST SOC BUTT. HD CAP 2
39 | G-1497-103106 SCREW, #10-24 X 3/4" LG. SST PAN HD CROSS RECESS 4
40 | G-1698 SCREW, HEX DRIVE CONE POINT 1

41 | U-1175 TIRE, 18X7-8 ON 8 IN. WHEEL 2
42 | H-4116 BIT, #2 PHILLIPS 2
43 | H-3069 WHEEL, NUT 1
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eJP-12, eJP-12SP
Electric Towbarless Tug

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item | Part Number Description Qty
44 | EC-2040 HORN, BUTTON 1
45 | JP-271 STEERING COWEL LIFT LEVER 1
46 H-3665 CYLINDER, BLOCK - A - LIFT 1
47 | V-2247 LABEL, DRIVING OPERATION 1
48 | J-4358 SPACER, STEERING PLATE 2
49 | J-7526-00 PLATE, UPPER STEERING 1
50 | Z-9446 ASSEMBLY, STEERING 1
51 | J-6509-00 LINK, AXLE 4
52 | Z-9272-00 WELDMENT, STEERING COWL 1
53 | V-2674 LABEL, DASH PANEL TRONAIR 1
54 | G-1503-1100N FLATWASHER. 5/8 SST NARROW 16
55 | G-1202-1105 STOPNUT, 5/8-18 ELASTIC 8
56 | G-1420-110540 BOLT, 5/8-18 X 4.0" HEX HD GR 8 8
57 | G-1420-121534 BOLT, 9/16-18 HEX HD GR 8 6
58 | G-1152-103703 Screw, 10— 32 x 3/8 LG 4
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Electric Towbarless Tug

Parts List lllustration
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1-RONA’__R_("3 eJP-12, eJP-12SP

Electric Towbarless Tug

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item | Part Number Description Qty
1 Z-9474 PA WELDMENT, CRADLE PIVOT REF
2 EC-3072 MOTOR, AC VEHICLE 2
3 EC-2110 BATTERY, TERMINAL INSULATOR 6
4 N-3027 PORT, BLEED ADAPTER
5 N-2001-03-S-B ELBOW, STRAIGHT THREAD
6 G-1420-110520 BOLT, 5/8-18 X 2" HEXHD GR 8 16
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Electric Towbarless Tug

Parts List lllustration
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Electric Towbarless Tug
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eJP-12, eJP-12SP
Electric Towbarless Tug

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item | Part Number Description Qty
1 EC-3091-02 BATTERY, 36V 440 AH eJP-12 1
2 TS-2589-01 TIBE, BATTERY STOP (P) 2
3 EC-3091-01 BATTERY, 36V 440AH eJP-12 1
4 S-2876-01 GUARD, WEATHER LEFT 1
5 S-2875-01 GUARD, WEATHER RIGHT (P) 1
6 Z-9629 ASSEMBLY, CONTROLLER 1
7 Z-8888 ASSEMBLY, CHARGER DOOR 1
8 H-3878 MAT, PLATFORM 2
9 H-3057 BALL, STUD 1
10 | G-1250-1050N FLATWASHER. 1/4 NARROW 12
11 | G-1250-1090N FLATWASHER. 1/2 NARROW 20
12 | G-1251-1050R LOCKWASHER, 1/4 REGULAR 12
13 | G-1100-105006 BOLT, 1/4-20 X 3/4" LG HEXHD GR 5 6
14 | G-1100-105010 BOLT, 1/4-20 X 1.0" LGHEX HD GR 5 6
15 | G-1100-109032 BOLT, 1/2-13 X 3-1/4" HEX HD GR 5 10
16 | G-1502-1030R LOCKWASHER, #10 SST REGULAR 2
17 | G-1476-103106 SCREW, #10-32 X 3/4" LG. SST SOC BUTT. HD CAP 12
18 | G-1503-1070N FLATWASHER. 3/8 SST NARROW 16
19 | J-6175-01 SUPPORT, GUARD 2
20 | G-1202-1090 STOPNUT, 1/2-13 ELASTIC 10
21 | G-1202-1070 STOPNUT, 3/8-16 ELASTIC 2
22 | G-1202-1035 STOPNUT, #10-32 ELASTIC 10
23 | JP-236 BRACKET 4
24 | EC-2965 CONTACTOR 1
25 | J-6410 SPACER, BATTERY 2
26 | Z-9474-00 WELDMENT, FRAME eJP-12 (P) -1
27 | Z-9264 ASSEMBLY, LED RED MARKER 2
28 | Z-9265 ASSEMBLY, LED AMBER MARKER 2
29 | Z-9491 ASSEMBLY, CONTACTOR PANEL 1
30 | TS-2713-01 TUBE, BATTERY STOP 2
31 Z-9503 ASSEMBLY, LED AMBER MARKER 2
32 | Z-9297-00 WELDMENT, BACKREST (P) 1
33 | G-1112-107030 BOLT, 38-16 X 3.0" SST HEX HD 8
34 | A-RTT12-00052 ELECTRICAL HORN 1
35 | G-1207-1070 NUT, 3/8-16 JAM 6
36 EC-3090 KIT, POWER CABLES eJP-12 1
37 | Z-9820 ASSEMBLY, HYD PUMP 1
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When ordering replacement parts/kits, please specify model, serial number and color of your unit.

MASTER CONTROLLER CONTROLS LEFT HAND
MOTOR AS VIEWED FROM DRIVERS SEAT

Parts List

TORQUETO 85 IN LBS

eJP-12, eJP-12SP
Electric Towbarless Tug

SLAVE CONTROLLER CONTROLS RIGHT HAND
MOTOR AS VIEWED FROM DRIVERS SEAT

! TORQUE TO 85 IN LBS

ITEM 6 USED IN THIS LOCATION
BECAUSE OF THICKEST OF FRAME
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Item | Part Number Description Qty
1 J-6018 PANEL, HEAT SINK 1
2 EC-2877 CONTROLLER, AC MOTOR 2
3 G-1250-1070N FLATWASHER. 3/8 NARROW 8
4 | G-1202-1070 STOPNUT, 3/8-16 ELASTIC 4
5 G-1100-107014 BOLT, 3/8-16 X 1-1/2" HEX HD GR 5 3
6 G-1100-107020 BOLT, 3/8-16 X 2.0" HEX HD GR 5 1
7 G-1251-1050R LOCKWASHER, 1/4 REGULAR 8
8 G-1420-105012 BOLT, 1/4-20 X 1-1/4" LG HEX HD GR 8 8
9 G-1251-1060R LOCKWASHER, 5/16 REGULAR 10
10 | G-1114-080016 BOLT M8-1.25 X 16mm LG. CLASS 8.8 10
11 EC-2110 BATTERY, TERMINAL INSULATOR 10
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Parts List

eJP-12, eJP-12SP
Electric Towbarless Tug

When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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Item | Part Number Description Qty

1 Z-8887 WELDMENT, CHARGER DOOR 1
2 H-2882 MAGNET, ENCASED CERAMIC 1
3 H-3191*015.00 TAPE, NEOPRENE FOAM SEAL 1
4 | G-1351-18-SS RIVET, 3/16 OPEN END S.S. 1
5 | G-1476-103106 SCR, #10-32 SOC BUT HD CAP 1
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TRON 'R® eJP-12, eJP-12SP

Electric Towbarless Tug

——

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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Item | Part Number Description Qty
1 NVSP-34-001-CA SIDE INDICATOR LIGHT, RED 1
2 S-3052-00 PANEL, MARKER 1
3 G-1503-1050N FLATWASHER. 1/4 SST NARROW 2
4 G-1503-1020N FLATWASHER. #8 SST NARROW 2
5 G-1502-1050R LOCKWASHER, 1/4 SST REGULAR 2
6 G-1112-105010 BOLT, 1/4-20 X 1.0" LG SST HEX HD 2
7 G-1476-102006 SCREW, #8-32 X 3/4" LG. SST SOC BUTT. HD CAP 2
8 G-1202-1020 STOPNUT, #8-32 ELASTIC 2
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eJP-12, eJP-12SP
Electric Towbarless Tug

TRONAIR®

——

Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.
BAZAS 7814
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Item | Part Number Description Qty
1 A-EXL16-0490-1 SIDE INDICATOR LIGHT, AMBER 1
2 S-3052-00 PANEL, MARKER 1
3 G-1503-1050N FLATWASHER. 1/4 SST NARROW 2
4 G-1503-1020N FLATWASHER. #8 SST NARROW 2
5 G-1502-1050R LOCKWASHER, 1/4 SST REGULAR 2
6 G-1112-105010 BOLT, 1/4-20 X 1.0" LG SST HEX HD 2
7 G-1476-102006 SCREW, #8-32 X 3/4" LG. SST SOC BUTT. HD CAP 2
8 G-1202-1020 STOPNUT, #8-32 ELASTIC 2
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1-RONA’__R_("3 eJP-12, eJP-12SP

Electric Towbarless Tug

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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Item | Part Number Description Qty
1 G-1503-1050N FLATWASHER. 1/4 SST NARROW 2
2 | G-1503-1020N FLATWASHER. #8 SST NARROW 2
3 | G-1502-1050R LOCKWASHER, 1/4 SST REGULAR 2
4 | G-1112-105006 BOLT, 1/4-20 X 3/4" LG SST HEX HD 2
5 | A-EXL16-0490-1 SIDE INDICATOR LIGHT, AMBER 1
6 | G-1476-102006 SCREW, #8-32 X 3/4" LG. SST SOC BUTT. HD CAP 2
7 | G-1202-1020 STOPNUT, #8-32 ELASTIC 2
8 S-3190-00 PANEL, MARKER (P) 1
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edP-12, eJP-12SP

®
TRON 'R Electric Towbarless Tug

T—
Parts List
When ordering replacement parts/kits, please specify model, serial number and color of your unit.
2123117128 45 “ o
et (2811601320 B8
SECTION E-E
* 31 5}
E g . ™
[GON 5 ==y CON &/
POS BUS | @ - @ag)
SWITCHED o
CONNECT
C2E-1A )
RED 12 Ga—
(@
ra
‘f
J/‘
i
e - VEHICLE PLUG i8)
e y
l.l#'-'-._\ . 'Q. L& @.‘
™~ LD
~
-
Te—m
L Y 4
\ b .
) 1 b
—i8 44 \“LtE L8 b P -
(4 (281422 9 ar,

04/2024 | Rev. 05 Page | 78



TRON 'R® eJP-12, eJP-12SP

Electric Towbarless Tug

——

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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TRON 'R® eJP-12, eJP-12SP

Electric Towbarless Tug

——

Parts List

When ordering replacement parts/kits, please specify model, serial number and color of your unit.
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Parts List

eJP-12, eJP-12SP
Electric Towbarless Tug

When ordering replacement parts/kits, please specify model, serial number and color of your unit.

Item

Part Number

Description

Qty

Z-9631

ASSEMBLY, CONTACTOR GV200QA-1 (48V COIL)

Z-9630 ASSEMBLY FUSE HOLDER
Z-9611 ASSEMBLY, BUSS BAR

Z-9610 ASSEMBLY, BUSS BAR

V-1050 LABEL, ISO ELECTRICAL SHOCK

TR377-03-000.75

TBG, SST .500D-.049W

S-3268

COVER, ELECTRICAL

JP-205 SWITCH

SWITCH

J-6522-00 CONTACTOR, PANEL (P)
H-3875 STANDOFF, FEMALE 1/4-20 X 3.5L
G-1658-13 WASHER, W/NEOPRENE 1/4 DIA

G-1503-1090N

FLATWASHER. 1/2 SST NARROW

G-1503-1060N

FLATWASHER. 5/16 SST NARROW

G-1503-1050N

FLATWASHER. 1/4 SST NARROW

G-1503-1030N

FLATWASHER. #10 SST NARROW

G-1502-1090R

LOCKWASHER, 1/2 SST REGULAR

G-1502-1060R

LOCKWASHER, 5/16 SST REGULAR

G-1251-1050R

LOCKWASHER, 1/4 REGULAR

333|332 |a|n|2|3]e|x|~|o|a] s oln|~

G-1250-1050N

FLATWASHER. 1/4 NARROW

alalols|lo|a|vio|lod|a|alajalalsa|a]lalals]|w

20 | G-1202-1090 STOPNUT, 1/2-13 ELASTIC

21 | G-1202-1060 STOPNUT, 5/16-18 ELASTIC

22 | G-1202-1050 STOPNUT, 1/4-20 ELASTIC 10
23 | G-1202-1035 STOPNUT, #10-32 ELASTIC 2
24 | G-1157-103512 SCREW, #10-32 X 1-1/4" LG PAN HD CROSS RECESS 2
25 | G-1112-109014 BOLT, 1/2-13 X .1-1/2" SST HEX HD 1

26 | G-1112-106010 BOLT, 5/16-18 X 1.0" LG. SST HEX HD 1

27 | G-1100-106016 BOLT, 5/16-18 X 1-3/4" LG. HEXHD GR 5 4
28 | G-1100-105020 BOLT, 1/4-20 X 2.0" LG HEXHD GR 5 8
29 | G-1100-105016 BOLT, 1/4-20 X 1-3/4" LG HEX HD GR 5 2
30 | G-1100-105004 BOLT, 1/4-20 X 1/2" LG. HEXHD GR 5 8
31 | EC-2999 COPPER BUSBAR 1

32 | EC-2998 CABLE, FLEXIBLE BRAIDED 1

33 | EC-2998 CABLE, FLEXIBLE BRAIDED 2
41 | EC-2997 CABLE, FLEX BRAIDED 1

40 | EC-2997 CABLE, FLEX BRAIDED 1

36 | EC-2987 CONNECTOR 600 AMP 12-800 VDC 1

37 | EC-2447-02A EBC CONNECTOR, A32 MALE 1

38 | EC-2446-02A EBC CONNECTOR, A32 FEMALE 1

39 | EC-2110 BATTERY, TERMINAL INSULATOR 1

40 | EC-1624-19 FUSE, VERY FAST ACTING 1

41 | EC-1619-18 FUSE, LOW VOLTAGE LIMITER 2
42 | EC-1619-04 FUSE, LOW VOLTAGE LIMITER 1
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m=m-d
LoSE
m I w
o880
LOCATION 223 2
€85 (eJP-12 ONLY) SFmz
FOR eJP-10, D zZo
LINE 0 ! Ls1 ! Zm3
| 21 22 | CONNECT WIRE SxgH
00 C22-5B TO C10-27 N
72VDC LOCATION NEG BUS oBER
T=0T
INP U TB U S FUSE BLOCK ‘ D17 LOC:‘:;ON - cZZ23
LOCATZON ! ! LOCATION LERE:
+ €22 LOCATION LOCATION _ a=23
FROM B FUS €10-27/D1-27D17 (KS3, 72V CONTACT (ES‘:®72V CONTACT) D1-28/C10-28 c18 B SELo
cm
0 : : ® 523
LINE 1 + 72VDC C22-5A (YEL 18 GA) T - - T - / D1-27 (PNK 18 GA) (1B) @) D17-72 (RED 18 GA) (1B) 28) C18-CP (GRN 18 GA) / C18-CP (GRN 18 GA) C*m c- C17-2 (WHT 18 GA) LOCATION C84 )ég ég
UNSWITCHED C22-58 (PNK 18 GA) C10-27 (BAN 18 GA) \ CON1 CONNECTOR 3D (BLACK) 2853
LOCATION 7.5 AMP KEY OFF/ON E-STOP DRIVER g§27%
c23 ' SW60 SQZE-
CON 1 72V SUPPLY ; 4 < E
ODIDP>O
LOCATION 3EC
cis FU6 + C22-6B (RED 18 GA) é%: -
A B : 24V DC-DC LOCATION C16
LINE 2 S (+) 1 C22-6A (YEL 18 GA) oD N PR %i ‘é;
72VDC SUPPLY 10 ANP 72V/24V DC/DC CONVERTER + R LOCATION w2
12.5 AMPS OUT AT 24VDC C16-1 (BLU 14 GA) 42
CONTACTOR (SW60) €84 STUD 8S 4°2
- C16-GC (BLK 14 GA) C16-GA (BLK 14 GA) omy
FLEX STRAP P
72VDC SWITCHED BUS LOCATION C84 o4
LINE 3 OR 2/0 CABLE ” FLEX STRAP CONNECTOR 3E (BLACK) s a o
LOCATION C24 mEs
72VDC MAIN CONTACTOR <
FUSE BLOCK 23
CON2 (24VDC COIL) LOCATION S
LOCATION c22
c21 C22-1A (RED 12 GA) FU4 LOCATION
C1-1 (PNK 18 GA C1-1
LINE 4 T ) CURTIS 1238E MASTER KSI (M-J1-1) DIRECT
10 AMP
FUSE JUMPER
FUSE JUMPERS FU3 LOCATION
C2-1 (PNK 18 GA)
LINE 5 72VDC oD €2-1  CURTIS 1238E SLAVE KSI (S-J1-1) DIRECT
7.5 AMP
FUSE JUMPER cslboq‘AT/IOPNS .
FU2
LINE 6 oo creeh (TR < P1-_(PUK 18 68) CURTIS 1232E PUMP CONTROLLER (P-J1-1)
7.5 AMP
FUSE JUMPER
Fut C22-18 (PNK 18 GA) + 12V DC-DC LOCATION C25 + C25-1 (RED 12 GA) LOCATION
LINE 7 oD €84 STUD 6S
7.5 AMP 72V/12V DC/DC CONVERTER
25 AMPS OUT AT 12VDC €25-60 (BLK 12 GA)
C25-GB (BLK 18 GA) C25-GA (BLK 12 GA) LOCATION C84
LINE 8 CONNECTOR 11D (GREEN)
LOCATION LOCATION LOCATION
LINE 9 ¢1"1% KSI COIL RETURN (M-J1-13) 13 om 10 60 { e { CENUSTEY DRIVER 1 (M-J1-6) ( 66%) =
\ x1 +ep) \CON3 5o (siack) \ WASTER CONTACTOR
(48VDC COIL)
LOCATION LOCQ;;ON '-00‘;\2"'160“
c2-13 ( (eom) [ = '
- - C2-13 (LGR 18 GA) C2-6 (TAN 18 GA) - - o
KSI COIL RETURN (S-J1-13) Y x7+meny { CON4} 5o BLACK) S SLAVE CONTAGTOR DRIVER 1 (S-J1-6) ( 66%)
LINE 10 (48VDC COIL)
LOCATION
€51 LOCATION
LOCATION
P1-13 P1-13 (LGR 18 GA) X1 +(RED) m X2- (BLACK) P1-6 (TAN 18 GA) P1-6
KSI COIL RETURN (P-J1-13) { ( CON5 { DRIVER 1 (P-J1-6) ( 66%)
\ U \ PUMP CONTACTOR
(48VDC COIL)
LINE 11 LOCATION C84
INTERNAL 24V BUS LOCATION
LOCATION D17
LOCATION LOCATION ocmeo
LOCATION C84 ¢15 €10-17/D1-17 Ks1 LOCATION LOCATION €84 LOCATION C84
CONNECTOR OF (BLUE) o) ® o) ® €10-18/D1-18 CONNECTOR 9E (BLUE) B- COMMON BUS
LINE 12 gézn = C15-1 (BLU 18 GA) @ I @ <m-17 (LBL 18 GA)  (1A) I (2A) D16-2 (GRY 18 GA) (1A) I (2A) D1-18B (BRN 18 GA) D1-18A (BRN 18 GA) / C10-18 (BRN 18 GA) = O INTERNAL CONNECTION
2 AwP E-STOP FENDER 5|8 E-STOP DRIVER KEY OFF/ON
ES2 2|2 ES1 (24V CONTACT)
2| |3 LOCATION
2| |2 D17
g~ LOCATION LOCATION C84
2 le KS2 €10-19/D1-19 CONNECTOR 9B (BLUE)
Cc87-L D1-18C (BRN 18 GA) @ —L @ D1-19 (vEL 18 6a)/ C10-19 (YEL 18 GA) . O CONTACT ON LINE 15
LINE 13 c87-K 73 S
MOMENTARY ON
LINE 14 6) CONTACT ON LINE 63
24F1 LOCATION C84
INTERNAL CONNECTION
LINE 15 . TO +24VDC FUSE BUS
10 AMP
LOCATION LOCATION
LOCATION D2 D1-3/€10-3
D1-1 LOCATION LOCATION
LINE 16 (FUSED AT 2F08) D1-1 (PINK 18 GA) D12 P6 (RED 18 GA) @.—L.@ D1-3 (BLU 18 GA) / C1-22 (BLU 18 GA) C1-22 FORWARD TO MASTER SWITCH 7 (M-J1-22)
FORWARD \
LOCATION
REV D3 LOCATION
@ @ D1-4/C10-4 LOCATION
REVERSE ¥ ¢ , , ¢1-33
LINE 17 P2 (RED 18 GA) 515 D1-4 (GRN 18 GA) < £1-33 (GRN 18 GA) REVERSE TO MASTER SWITCH 8 (M-J1-33)
3 1
25|
oIS 1
25 . LOCATION
=8 I LOCATION D1-12/C10-12
P E D23 LOCATION
LINE 18 EES 5 D1-12 (BRN 18 GA) < €10-12-A (BRN 18 GA) C10-12-B (BRN 18 GA)  (86-1 BACKUP ALARM (OPTION)
BACKUP ALARM LOCATION
C10-12-C_(BRN 18 GA) c87-J
LOCATION
b5 LOCATION
5 D1-7/C10-7 LOCATION
. . . c2-11
LINE 1 9 5 D1-7 (LBL 18 GA) / C2-11B (LBL 18 GA) C2-11A (LBL 18 GA) SLAVE INPUT SWITCH 5 (S-\J1 _11)
LOCATION RS3 PANEL (WINCH IN) \
D12-4
(FUSED AT 2F08) P4 (RED 18 GA) @ (C2-11C LBL 18 GA)
LOCATION
9 D1-8/C10-8 LOCATION
LINE 20 . . c2-12
3 D1-8 (BRN 18 GA) < C2-12B (BRN 18 GA) C2-12A (BRN 18 GA) SLAVE INPUT SWITCH 6 (S_‘J1 _12)
RS4 PANEL (WINCH OUT)
(C2-12C BRN 18 GA)
LOCATION
D4 LOCATION
@ D1-5/C10-5 LOCATION
. . c2-9
LINE 21 LOGATION % D1-5 (LGR 18 GA) < 0298 (LOR 18 6A 02-9h (LGR 18 GA) SLAVE INPUT SWITCH 3 (S-J1-9)
D12-3 RS1 PANEL (CRADLE UP)
(FUSED AT 2F08) o3 (RED 18 GA) ?) (02-90 LGR 18 GA)
LOCATION
® D1-6/C10-6 LOCATION
LINE 22 B C2-10B (PUR 18 GA) SP4 C2-10A (PUR 18 GA. c2-10
o D1-6 (PUR 18 GA) Vi ( ) SLAVE INPUT SWITCH 4 (S-J1-10)
RS2 PANEL (CRADLE DOWN) \
(C2-10E PUR 18 GA)
TO C76 DIODE
RESISTOR ASSEMMBLY
r N N N N N 1 . - - - - - ,  LOCATION LOCATION
LINE 23 P POSITION 1 R1 — R7 D6-3 64 (BLK 18 GA) D11-4
3 "74!:
|
o POSITION 2 R2 —
AC1
|
LOCATION |
LINE 24 CATIO o POSITION 3 R3 —
(FUSED AT 2F08) P5 (RED 18 GA) @
LOCATION | | ‘R4
D61 o POSITION 4 — LOCATION LOCATION
D1-9/C10-9 C1-24
D1 LOCATION
POSITION 5 'R5 I D6-2 D1-9 (YEL 18 GA) C1-24 (YEL 18 GA MASTER SWITCH 1(M-J1-24)
LINE 25 ° —— < ! (TRACTION MOTOR AMPERAGE LIMITS)
POSITION 6 R6
° ——
LINE 26 L - - - - - 4 . - - - - - E
LOCATION D8 LOCATION
LOCATION SW6 D1-10/C10-10 LogATION
D12-7
LINE 27 FUSED AT 2F08 . .
( ) P7_(RED 18 GA) @ (@ D1-10 (TAN 18 GA) / ge-14 (TN 18 6A) SLAVE INPUT SWITCH 16 (S-J1-14 )
DUAL WHEEL \
R6
LOCATION C84 "°CATSIW°3" ca1
LINE 28 - CONNECTOR 10C (YELLOW) 0 o LOGATION
c81-1 (RED 18 GA) o C1-10 (WHT 18 GA) Cc1-10 MASTER SWITCH 4 (M-J1-10)
oD a2 oo LIMITS SPEED WHEN SW3 IS OPEN
2 AUP SEAT SWITCH
LINE 29 LocaTION
| LOCATION
C67-2D (RED 18 GA) @v 5 @ C1-12 (BLK 18 GA) C1-12 MASTER INPUT SWITCH 6 (M-J1-12) @
PARKING BRAKE RELEASE FOR WINCHING TUG UNDER AIRCRAFT A
LOCATION
LINE 30 c68
Q) LOCATION
- C2-11C (LBL 18 6A) C2-11A (LBL 18 GA) c2-11 SLAVE INPUT SWITCH 5 (S-J1-11)
LOCATION C84 RS3 FENDER (WINCH IN)
- = = CONNECTOR 9H (BLUE)
@« - - > > 2F06
g ; - Z z| 23| 2 x oD = C67-2A (RED 18 GA) C67-2C (RED 18 GA) (C2-11B LBL 18 GA)
cles S RlsSE|IS™ LINE 31
m| c3 > el > 3> 2 ANP
.- m T s 3
9> - =) 0] LOCATION
= S§ .- = - C2-12C (BAN 18 GA) C2-12A (BRN 18 GA) c2-12 SLAVE INPUT SWITCH 6 (S-J1-12)
4| =m RS4 FENDER (WINCH OUT)
wn (C2-12B BRN 18 GA)
LINE 32 LOCATION
c67 LOCATION
- 0 €2-9C (LGR 18 GA) C2-9A (LGR 18 GA) c2-9 SLAVE INPUT SWITCH 3 (S-J1-9 )
o
° - RS1 FENDER (CRADLE UP)
= =
3 ; T C67-2B (RED 18 GA) @ (C2-9B LGR 18 GA)
§ LINE 33
; @ sP4 LOCATION
g s C2-108 (PUR 19 61) 02-10A (PUR 18 GA) c2-10 SLAVE INPUT SWITCH 4 (S-J1-10 )
2 RS2 FENDER (CRADLE DOWN)
5 LOCATION
] c76
SP35
LINE 34 LOCATION
7
P €78 LOCATION
D n C2-10D (PUR 18 GA) SV1 C54-3 (WHT 18 GA) C54 (B-)
m u WAS SV7 (WINCH CHECK VALVE
BY-PASS TO RV1) CLOSED WHEN OFF
LOCATION C84 LOCATION €2-10C (PUR 18 GA)
LINE 35 sF0a  CONNECTOR 9C (BLUE) c12
C12-1A (RED 18 GA) C12-1B (RED 18 GA) OUTPUT (POS)
- oo - | A2
. o CD C1-19 (TAN 18 GA)
< =tet 2 ANP SV1 ON DELAY TIMER MASTER OUTPUT DRIVER 6 (M-J1-19) AT 0 VDC
; : >>§ >< ; r_|r| = ; C12-1C (RED 18 GA) LOg?T:gN
52328 of IE: )
- =
—_— . — . Mo Zor
XBE8xT 2xolc Exr LINE 36
x< ~—a4Xx: —Hl= aman
XoXHXX<<F|IL FCE
—me—go———=—=Fla _=3 LOCATION
g c21 -
=] m
HmH -+ ; ] %g g LOCATION C84 LOCATION C84 ® > ﬂ
mo = Sl rfma 2F09 CONNECTOR 10D (YELLOW) PIN 2 PIN 1 CONNECTOR 10B (YELLOW)
1 r. - . . X g o Q® oD = C21-2 (RED 18 GA) C21-1 (WHT 18 GA)
9B>228233EE £o2 LINE 37 CON2
gg:ggagggr‘ﬁ =z23 2 ANP 24VDC COIL FOR
cEsc2r====, HEa surr o | 72V MAIN CONTACTOR o ©
o 5 —w-oo0ow |z =g LOCATION ECONOMIZER m a
—— e oN ® 2 mom LOCATION C84 €10-1/D1-1 Mo
o 3‘) o= ] 5 z3 2F08 CONNECTOR 11H (GREEN) LOCATION o om H -]
— Q = C10-1 (PNK 18 GA) / D12-1 T I m
oD = D1-1 (PNK 18 GA) >m > <
LINE 38 \ FOR 24VDC DASH LOGIC =2m L
2 ANP @ — (4]
m s} -
H | M o
S LOCATION C84 PS1 LOCATION C8 E =
C = 2F07  CONNECTOR 10E (YELLOW) (sp20) PIN 8 >
CD CD = an = C8-1C (RED 18 GA) ~ C8-1A (RED 18 GA) PIN 1 SYSTEM PRESSURE SWITCH ©8-38 (BLK 18 GA) I »n
w QO m
U C O = ﬂ (PROGAMMABLE )
I LINE 39 2 Ale
m 2 LOCATION o
o | o g = c1-11 o m
Z N ] PIN 4 PRESSURE SWITCH 24VDC OUT TO MASTER SWITCH 5 (M-J1-11 X o
z C1-11 (ORG 18 GA) ( - - ) 2
(=]
@p) M — 3 LINE 40 o o
— zZ|' || 2
I w
|_ =< PS2 LOCATION C9
I\) M c ) LOCATION C84
- > n 08-1B (RED 18 GA) PIN 1 PRESSURE SENSOR FOR WINCH PIN 3 €8-3C (BLK 18 GA) cs-3A (BLk 18 o)  CONNECTOR 10G (YELLOW) =< o
N (Ol (PROGANMABLE) el |z
— : > LINE 41
B X 2,
U o Sa LOCATION o
—h l—l © §g c2-24 ~ GI)
==} 1
O ! 1 == NOTE . PIN 2 C2-24 (WHT 18 GA) PRESSURE SENSOR 10VDC VARIABLE OUTPUT TO SLAVE SWITCH 1 (S-J1-24) w | N o
—i| N m- ' o|9? =
D (0)) S ) o
I_O . 53 CIRCUITS INTERNAL TO THE FUSE BLOCK ARE GREEN. NS m
o 7 AR S| 2
m =0 ©
) & CONNECTIONS TO THE FUSE BLOCK ARE RED TEXT. CONTINUED ON PAGE 2 °
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LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

LINE

70

71

72

73

74

75

78

79

80

81

82

83

oD

2 ANP

LOCATION C84
INTERNAL 24V BUS

LOCATION C84
INTERNAL CONNECTION
TO 65 (12V)

LOCATION C84
INTERNAL +12VDC FUSE

LOCATION C84 PS3 LOCATION €90
CONNECTOR 10E (YELLOW)
= €8-1C (RED 18 GA) (Sf_fu) C8-1D (RED 18 GA) BRAKE RELEASE PRESSURE SENSOR C8-3D (BLK 18 GA) (SP19) 08-3A (BLK 18 GA) LOCATION C84
A 7
(ADJUSTABLE) PIN 3 CONNECTOR 10G (YELLOW)
LOCATION
PIN 4 €2-20
C2-20A (BRN 18 GA) <SP<;4) C2-20B (BRN 18 GA) SLAVE SWITCH 15 (S-J1-120)
g
©
E PANEL LAMP
= BRAKE RELEASE
g GRN
& | LOCATION LOCATION
8 C91 C54-4 (BLK 18 GA) C54-4 SV GROUND BUS
LOCATION C84 LOCATION
srgy  CONNECTOR 9D(BLUE) P5/C50 LOCATION P9 LOCATION
C84-9D(BLY 18 GA) PO-1 (BLU 18 GA) m P1-2 PUMP PROP DRIVER (P-J1-2
oD = { 0 (a1 )2 P PRO (P-01-2)
2 ANP RV1 (PROPORTIONAL
WINCH RELIEF)
LOCATION C84
CONNECTOR 1F (GREY) LOCATION
CONTACT ON LINE 58 . C2-19 (LGR 18 GA) c2-19 SLAVE SWITCH 6 (S-J1-19)
>
=
LOCATION C84
CONNECTOR 1H (GREY) LOCATION
CONTACT ON LINE 75 C1-2 (YEL 18 GA) C1-2
| PROP. DRIVER (M-J1-2) AT 0 VDC NEG
>
=
LOCATION C84 T
2F03 CONNECTOR 11B (GREEN) Logf;gu
oD ‘ B C1-20 (ORG 18 GA) MASTER DRIVER 7 (M-J1-20) AT 0 VDC NEG ‘ A15
2 ANP
| < |
=
‘ NOTE: K4 WAS THE PUMP THROTTLE RELAY. IT REMAINS CONNECTED AT THIS REVISION BUT IS INACTIVE. PROGRAMMING FOR DRIVER 7 HAS BEEN REMOVED. THE SET OF INPUTS PREVIOUSLY USED ‘
FOR DRIVER 7 HAVE BEEN SET UP AS CAN COMMINICATION. THE CAN COMMINICATION IS DIRECT TO THE PUMP CONTROLLER WITHOUT THE NEED FOR K4 AND THE PREVIOUSLY USED RESISTOR CIRCUIT. J

LOCATION C84

‘HIVNOHL 40 ALH3dOHd IHL SI DNIMVHA SIHL

‘YIVNOYL 40 NOISSIWHId NILLIHM SSIUdX3 IHL LNOHLIM
“ONI

$3S0dHdNd HNIHUNLOVANNYW HO4 d3ISN 4O d3IONAOH4IH €O 3IST3
d3S0710SIA 39 OL LON SI ANV ATINO S3SO0dHNd NOILVNHOANI TTVILNIAI4INOD HO4

INOANY OL "ONI
NOA 01 G3IHSINYNSA SI 1I

2F04  CONNECTOR 9G (BLUE) LOCATION LOCATION C64 LOCATION
oD = C65-12 (RED 18 GA) ces C65-9 (PUR 18 GA) ) @ @ C2-2 (TAN 18 GA) €2-2 SLAVE PROP DRIVER (S-J1-2) AT 0 VDC NEG
7 AP SV1A (CRADLE UP) U
LOCATION C63 LOCATION
C65-8 (PUR 18 GA) {1 @ @ C2-4 (BRN 18 GA) c2-4 SLAVE DRIVER 3 (S-J1-4) AT 0 VDC NEG
SV1B (CRADLE DOWN) U
LOCATION C62
moc ON c6 LOCATION
C65-7 (PUR 18 GA) @ SV2A @ C1-4 (BLU 18 GA) c1-4 MASTER DRIVER 3 ( M-J1-4 ) AT 0 VDC NEG
SV2A (WINCH IN) U
LOCATION C61 LOCATION
C65-6 (PUR 18 GA) @ m C1-3 (GRY 18 GA) c1-3 MASTER DRIVER 4 (M-J1-3) AT 0 VDC NEG
SV2B
SV2B (WINCH OUT \_/
LOCATION C60 LOCATION
C65-5 (PUR 18 GA) 0) @ @ €2-3 (LBL 18 GA) c2-3 SLAVE DRIVER 4 (S-J1-3 ) AT OVDC NEG
SV6 (WINCH RELIEF) U
OPEN WHEN OFF
LOCATION C58 LOCATION
c54 (B-)
C65-3 (PUR 18 GA) @ /_\ @ C54-2 (WHT 18 GA)
SvV4
SV4 (ACC DUMP) U
LOCATION
OCATION €59 LOCATION
065-4 (PUR 18 GA) 0} V3 C1-5 (T 18 6A) €1-5 MASTER DRIVER 2 (M-J1-5)
SV3 (BRAKE RELEASE) u
LOCATION C57 N.C. POPPET VALVE
OPENS W/KEY LOCATION
€65-2 (PUR 18 GA) 0) SV7 @ CLOSES W/ BRAKE COMMAND €2-5 (YEL 18 GA) c2-5 SLAVE DRIVER 2 (S-J1-5)
SV7 (BRAKE RELEASE) u
LOCATION C55 LOCATION C84 K6
CONNECTOR 1E (GREY)
C65-1 (PUR 18 GA) @ m @ €55-2 (WHT 18 GA) LOCATION C84
SV5 (BRAKE RELEASE VS L ) B- COMNON BUS
LOCATION ( ) u INTERNAL CONNECTION
c65
N.O. POPPET VALVE
CLOSES W/KEY
SOFTENS E-STOP
LOCATION
C66-2
LOCATION C84
2F05 CONNECTOR 9A (BLUE) LOCATION LOCATION
oD = C66-A (RED 18 GA) 066-8_(RED 18 GA) / LEFT BLK TO PIN 2 (LEFT RED To PIN 8) / ©66-8 £2-33 (BLU 18 GA) c2-33 SLAVE SWITCH 8 (S-J1-33 )
5 AP \ MAT2 LOCATION C66 \
LEFT
CONNECT LEFT WHITE T0 PIN 7 ) / LOCATION
\ C66-7
LOCATION LOCATION
c66-1
(m) < C1-14 (YEL 18 GA) C1-14 MASTER SWITCH 16 (M-J1-14 )
LOCATION LOCATION
€66-4 €66-6 LOCATION
C66-C (RED 18 GA) RIGHT BLK TO PIN 4 RIGHT RED TO PIN 6 ) c2-22
. < Co-22 (PUR 18 GA) SLAVE SWITCH 7 (S-J1-22 )
NMAT1
RIGHT
CONNECT RIGHT WHITE TO PIN 5 ) /LOCATION
€66-5
TO PIN 3 RIGHT YELLOW /LocATION
12F1 €66-3 c84
INTERNAL CONNECTION
(] TO +12VDC FUSE BUS
20 AMP
LOCATION D14 LOGATION
LOCATION C84 T$1 (12vDC) D1-14/610-14 FRONT FLOOD LAMP (CRADLE)
1Fos  CONNECTOR 4A (ORANGE) ® o) L 0CATION LOCATION
oD = €10-13C (BLU 18 GA) D1-13A (BLU 18 GA) .J, D1-14 (GRN 18 GA) D1-14 (GRN 18 GA) / C10-14A (GRN 18 GA) C10-14B (GRN 18 GA) c29 €29-10 (BLK 18 GA) C32-10
5 ANP FRONT HEADLIGHTS M
RIGHT FRONT SPOT LAMP
LOCATION LOCATION
C10-14C (GRN 18 GA) Cc30 €32-B (WHT 18 GA) Cc32-3
LEFT FRONT SPOT LAMP
LOCATION LOCATION
C10-14D (GRN 18 GA) C31 C32-A (WHT 18 GA) c32-2
PANEL LAWP | o0 rroN LOGATION
D13-1 (LBL 18 GA) W D13 G2 (BLK 18 GA) D11-2
LOCATION
LOCATION LOCATION LEFT REAR SPOT LAMP
LOCATION €84 €10-15/D1-15 782 (12vVDC) D1-16/C10-16
1F04 CONNECTOR 4B (ORANGE) o) o) LOCATION LOCATION
EI:EI = C10-15 (LGR 18 GA) / D1-15 (LGR 18 GA) ,.Jf. D1-16 (PUR18 GA) / C10-16A (PUR 18 GA) C10-16C (PUR 18 GA) / ca1 / c42-1
5 ANP \ REAR HEADLIGHTS \ \ M \
RIGHT REAR SPOT LAMP
LOCATION LOCATION
C10-16B (PUR 18 GA) / ca0 / C42-2 (WHT 18 GA) Cc42-2
LOCATION C84
iFo7  CONNECTOR 4E (ORANGE) '-003;;0" LOCATION
= C38-1A (BRN 18 GA) ©38-1C (BRN 18 GA) / (BLK 18 GA) MARKER LIGHT RIGHT REAR / €32-C (WHT 18 GA) C32-4
2 ANP M
LOCATION LOCATION
cas-18 (8RN 18 6A)  / (BLK 18 6A) MARKER LIGHT LEFT REAR €37 / €32-D (WHT 18 GA) €32-5
LOCATION C84
108 CONNECTOR 4F (ORANGE) LOCQ;‘I‘ON LOCATION
oD = C34-1C (GRN 18 GA) C34-1C (RN 18 GA) / (LK 18 6a) MARKER LIGHT RIGHT FRONT / C32-G_(WHT 18 GA) C32-8
2 ANP M \
LOCATION
c33 LOCATION
C34-1B (GRN 18 GA) / (BLK 18 GA) MARKER LIGHT LEFT FRONT / C32-H (WHT 18 GA) C€32-9
LOCATION C84
1Fo2  CONNECTOR 4G (ORANGE) STROBE L°°g;°“ LOCATION
oD = C39-1 (LBL 18 GA) / / C42-3 (WHT 18 GA) C42-3
2 AMP \ M \
LOCATION C84 LOCATION
CONNECTOR 1A (GREY) €45-9/C46-9 LOCATION LOCATION
1F05 = 45-9 (TAN 18 GA) C46-6/C45-6 / C45-6 (LBL 18 GA) LIGHTS ARE OPTION / RH BRAKE LIGHT LOCATION C44 / C42-4 (WHT 18 GA) c42-4
5 ANP \ \ }\/{ \
LOCATION LOCATION
C46-5/C45-5 / C45-5 (LGR 18 GA) LIGHTS ARE OPTION / LH BRAKE LIGHT LOCATION C43 / C42-5 (WHT 18 GA) c42-5
LOCATION LOCATION LOCATION LOCATION
C46-7/C45-7 WITHOUT TURN SIGNAL OPTION [/ CA45-7  cd5-7 (BRN 18 GA) c35 C32-F (WHT 18 GA) €32-7
045-7 1S JUNPERED TO C45-2 \ MARKER LIGHT LEFT / TURN OPT.
LOCATION C84 LOCATION
CONNECTOR 4C (ORANGE) €45-2/C46-2
1F08 = €82-1C (ORG 18 GA) ©82-1B (ORG 18 GA) /
5 ANP \
LOCATION LOCATION LOCATION LOCATION
C46-8/C45-8 WITHOUT TURN SIGNAL OPTION / C45-8 C45-8 (GRY 18 GA) €36 C32-E (WHT 18 GA) €32-6
C45-8 IS JUMPERED TO C45-2
( \ MMARKER LIGHT RIGHT / TURN OPT.
LOCATION
€82 RIGHT LOCATION
® 8 c45-4
c82-1A (ORG 18 GA) > c45-4 (BLU 18 6A) /
RIGHT TURN \ LOCATION
D1-25/C10-25 MASTER CAN H (M-J1-23)
CANH (YEL 18 GA TWIST) / CANH (YEL 18 GA TWIST) C1-23/ C2-23
LOCATION LOCATION Y SLAVE CAN H (S-J1-23)
€82 LEFT ps LOCATION
@ @ 45-3 D1-26/C10-26 LOCATTON MASTER CAN L (M-J1-35)
C45-3 (GRN 18 GA) < CANL (GRN 18 GA TWISW) / CANL (GRN 18 GA TWIST) €1-35/€2-35 S| AVE CAN L (S-J1-35)
LEFT TURN
LOCATION C84 LOCATION
CONNECTOR 4D (ORANGE) €10-29/D1-29 LOCATION D21 3 4 LOCATION
1F09 D11-3
C10-29 (RED 18 GA) D1-29 (RED 18 GA G3 (BLK 18 GA)
oD 5 < ¢ ) 5 I DP200 DISPLAY (POWER) I1
3 ANP
LOCATION C84 LOCATION
CONNECTOR 4H (ORANGE) LOCATION c80 LOCATION
1FO01 = C28-1 (TAN 18 GA) c28 + HRN - C10-12 (ORG 18 GA) I C42-7 (BLK 18 GA) C42-7
= = won aon
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©
DIRECT TO CONTROLLER CONNECTIONS 5
=] w
=
o m
B c
=l
o -
MASTER 3wz
> ==
LOCATION 288
= —
ca LOCATION  PLUG CONNECTION LOCATION LOCATION P
MOTOR TEMP PLUG CONNECTION < : RED C1-25E (BAN 18 GA) 4q2y (M-J1-26) LOCATION c1 c1 e
PIN C1-17 (BLU 18 GA)
SENSOR PIN 1 | RED C1-8 (PUR 18 GA) ANALOG INPUT M-J1-8) oLk WASTER 1/0 c6 TO MASTER THROTTLE POT WIPER (M-J1-17) LOCAcT7ION C1.26D (PUR 18 6A) 10 1238E NASTER SVOC SUPPLY (H-J1-26)
MASTER POSITIONpIy 2 C1-78 (LGR 18 GA) GROUND BUS 5 T0 4.5 VD T
S PIN 2 | BLK [li-7c (on 18 6a)  MASTER I/0 93-6 570 4.5 vbC 0U A 6170 (LR 16 GA) MASTER 1/0
. : ENCODER GROUND BUS .5 TO 4.5 VDC OUT
GROUND BUS BLU C1-32 (LBL 18 GA) pyasg B (M-J1-32) 5 C1-25C (BRN 18 GA)
€93-5 MASTER FPIN 3 B €93-3 TO 1238E MASTER 12VDC SUPPLY (M-J1-25)
2
| WHT | c1-31 (an 18 6a) U1 c - TO 1238E MASTER 5VDC SUPPLY (M-J1-26
PIN 4 PHASE A (M-J1-31) C1-26C (PUR 18 GA) ( )
L°°‘c‘;§°" FOOT BRAKE D FOOT THROTTLE |! C1:9C (LBL 18 GA) TO MASTER SWITCH 3 (M-J1-9)
oIN 3 C1-29 (ORG 18 GA) RX (M-J1-29) E 4
C1-98 (LBL 18 GA) 10 \ASTER SWITCH 3 (M-J1-9) 6—’ MASTER 1/0
PROGRAMMING PIN 2 |-C1-7F (LGR 18 GA) MASTER I/0 GROUND BUS C93-7 C1-7E (LGR 18 GA)  GROUND BUS
MOLEX €93-4
| C1-28 (GRY 18 GA) - - -
VASTER PIN 3 TX (M-J1-28) C1-258 (BRN 18 GA) TO 1238E MASTER 12VDC SUPPLY (M-J1-25) C116 (GRY 18 GA
PIN 4 | G120 BN 1B GM Loy 4 oe : L — 7O MASTER THROTTLE POT WIPER (M-J1-16)
SLAVE I/0 GROUND (S-J1-7)
LOCATION
c70 LOCATION LOCATION PLUG CONNECTION LOCATION
c72 et RED C2-25B (YEL 18 GA) ce9
€2-29 (GRY 18 GA RX (S-J1-29) PIN 1 = +12V (S-J1-25) Iy T e s e 45V (S-J1-26)
MOTOR TEMP | PLUG CONNECTION PIN 1
SLAVE 1/0
C2-7D (WHT 18 GA) R
SENSOR PIN 1 2-8 (ORG 18 6A) _ ANALOG INPUT S-J1-8) ;gESQAMMING PIN 2 |===————~—— SLAVE I/0 GROUND BUS C94-5 :g(s;::);::N pIN 2 |-BEK £2-7C (WHT 18 GA) ggOUgD BUS g;ﬁgg;”epm o C27E MMT18GA) ) AVE 1/0 GROUND BUS C94-8
4-
SLAVE SLAVE PIN 3 [-02:28 (LGR18.CA) TX (S-J1-28) 5K
PIN 2 c2-78 (WHT 18 GA)  SLAVE I/0 c2-250 (YEL 18 6A) SLAVE ) - ce-32 (TAN 18 GA) ppaSE B (S-J1-32) (5K) pIn gL B 188 19 1238E SLAVE POT2 WIPER (S-J1-17)
GROUND BUS PIN 4| C225C QELIBGA) 4oy (5-J1-25)
C2-31 (BRN 18 GA
co4-7 pIN 4f WHT JC201 GRUIBEH o ioe A (5-01-31)
LOCATION
P2 LOCAPT4ION PUMP LOCATION PLUG CONNECTION
P3
P1-29 (ORG 18 GA - -
MOTOR TEMP | PLUG CONNECTION PIN 1 RX (P-J1-29) ST RED P1-25B (BRN 18 GA) 112y (P-J1-25)
PROGRAMMING | P10-7 (WHT 18 GA) B SLAVE 1/0
SENSOR PIN 1 |RED P1-8 (PUR 18 GA) ANALOG INPUT P-J1-8) MOLEX PIN 2 SLAVE I/0 GROUND BUS P10-7 POSITION PIN 2 BLK P10-8 (WHT 18 GA)  GROUND BUS
PUMP PUMP PIN 3 |-P1:28 (GRY 18 GA) _ TX (P-J1-28) ENCODER P10-8
PIN 2 | BLK [p10-1 (T 18 o)  SLAVE I/0 P1-25C (BRN 18 GA) co BLU P1-32 (LBL 18 GA)
GROUND BUS PIN 4| —=2 0O 23 4q2y (P-J1-25) PUMP PIN 3 PHASE B (P-J1-32)
P10-1
P1-31 (TAN 18 GA)
PIN 4} WHT R = ™ PHASE A (P-J1-31)
CONNECTION NOTES:
S-J1-21 (CAN TERM H) IS CONNECTED TO S-J1-34 (CAN TERM L) WITHIN THE EC-3055 WIRE HARNESS.
THIS CONNECTION UTILIZES THE 120 OHM RESISTOR IN THE SLAVE CONTROLLER.
THE REMAINDER OF THE CAN CONNECTIONS ARE MADE USING EC-3304 CAN HARNESS.
THE CAN HARNESS CONTAINS THE SECOND 120 OHM RESISTOR.
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" THIS SUPPLEMENT CONTAINS IMPORTANT

UPDATED SAFETY AND HANDLING INFORMATION

MOTIVE POWER FLOODED

DO

Contains: Lead, Sulfuric Acid (Electrolyte), Lead Compounds.

Harmful if swallowed, inhaled, or in contact with skin. Use only outdoors or in a well-ventilated area.
Acid causes severe skin burns and eye damage. Avoid contact with internal acid.
May damage fertility or the unborn child if ingested Do not breathe dust/fume/gas/mist/vapors/spray.
or inhaled. Keep away from heat/sparks/open flames/hot
May cause harm to breast-fed children. surfaces. No smoking.
May cause cancer if ingested or inhaled. IF SWALLOWED OR CONSUMED: rinse mouth.
Causes skin irritation, serious eye damage. Do NOT induce vomiting. Call a poison center/
Contact with internal components may cause doctor if you feel unwell.
irritation or severe burns. IF ON CLOTHING OR SKIN (or hair): Remove/Take
Causes damage to central nervous system, blood off immediately all contaminated clothing and wash
and kidneys through prolonged or repeated exposure it before reuse. Rinse skin with water/shower.
if ingested or inhaled. IF leHﬁLEF:fRergovihpersoln to fé?sth |alr a[rlld keep
i , ; comfortable for breathing. Immediately call a
petating o eyes respatory system, and sin. POISON CENTER or dactoriphysicin.
ay form explosive air/gas mixture during charging. o N g
@ Extremely flammable gas (hydrogen). IF IN EYES: Rinse cautiously with water for several
T 7 minutes. Remove contact lenses, if present and
Explosive, fire, blast or projection hazard. easy to do. Continue rinsing.
" Obtain special instructions before use. If exposed/concerned, o if you feel unwell seek
Do not handle until all safety precautions have been medical attention/advice,
read and understood. . Store locked up, in a well-ventilated area, in
Wash thoroughly after handling. accordance with local and national regulation.
Do not eat drink or smoke when using this product. Dispose of contents/container in accordance
Avoid contact during pregnancy/while nursing. with local and national regulation.
Wear protective gloves/protective clothing, eye Keep out of reach of children.
protection/face protection.

PROPOSITION 65 WARNING: Battery posts, terminals and related accessories contain lead and lead compounds,
chemicals known to the State of California to cause cancer and reproductive harm, Batteries also contain other
chemicals known to the State of California to cause cancer. WASH HANDS AFTER HANDLING.

WARNING: Risk of fire, explosion or burns. Do not disassemble or incinerate.

Not recommended for inverted use. Follow product charging instructions.

High Voltage: Risk of shock. Do not touch uninsulated terminals or connectors, Lead Acid

Keep Vent Caps Tightly in Place Battery

Manufactured by: East Penn Manufacturing Co., Electrolyte
\1 02 Deka Road, Lyon Station, PA 19536 USA 610-682-6361 (Sulfuric Acid) )

(’;\E ASW £ NN www.dekabatteries.com

East Penn Manufacturing Co. Lyon Station, PA 19536-0147 Phone: 610-682-6361 Fax: 610-682-4212

) . All data subject to change without notice. No part of this document may be copied or
E.PM. Form No. 2162 5/15 © 2015 by EPM  Printed in U.S.A. p electronically or without written permission from the company.




EAST PENN manufacturing co.. inc.
LYON STATION, PA 19536 » 610-682-6361

Congratulations on your chowee of a new Deka industrial battery. The complete hne of Deka industral balteries incorporales every
Teature required by boddy’s user of sigelrie industnal tricks. Designed withh East Penn enginesring fechiology and bult by master battery
eraftsmen according o strict guality assurance gindalings, Deka industrial batteries are the finast availabie fo mee! foday's material fandiing
requirements, Deka pregision construction provides new eguipment parformance throughout @ long life. This battery has been inspected
prior to shipment o insure that it meets your specifications ag ordered. By following the operating and malntenance insiructions. you will be
insurng optimum fife and performance of your new Deka indiisirial batleny.

OPERATING INSTRUCTIONS

DANGER

A . BATTERIES
Eﬁ'{“ EE ! ;Q @ P s IF}IuNsEHI]H‘IEEsI.f AND RELATED PARTS
VOLTAGE... “SHiEw S| LU= AT CONTAIN LEAD
00 HOT TOUCH EYES. SULFURIC ACID GET ~ ST
UMINSULATED | EXPLOSIVE GASES _ *SPARKS  pay calse ~2.{ MEDICAL =
TERMIMALS OR | CAN CALSE BLIND- *FLAMES | BLIMDNESS DR S HELP
COMNECTORS.  MESS OR IMJURY. +SMOKING | SEVERE BURNS. | ™ FAST.

WEEF VENT CAPS TIGHTLY 1N PLACE. YENTILATE WELL WHEN IN AN ENCLOSED

SEE INSTALLATION. MAINTENANCE BND DPERATION
INSTRUCTIONS FOR IMPORTANT SAFETY PRECALITIONS,

SPACE AND WHEN CHARGING.

REPAIR SHOULD BE PERFOARMED DMLY
BY A QUALIFIED SERVICE TECHMICIAN,

-

WASH ﬁAHDS
AFTER HANDLING!

CALIFORMIA

Proposition 65 and lea

Warning

Battery dposts. tarminals and ralated accessories conlain lead
sompounds, and othar chemicals known to the

state of California to cause cancer and birth defects or other

reproductive harm. Wash hands atter handling.

CALIFORRIA PHOPES TIOR &5 WeEd G
Bativses babieiy rmﬁ b b . il el kil
aces o waplan el ool [ead compeneds, asd
b e il K s W0 B0 o Calstioni o canse
wanear and Wth tetaets on afver raprodnetive haes

Calisiia Posprcativn Bo Waskli Wirning B )
Mol b pedlod fo werkgsieas nonr albea

1. Upon receipt of the battery, # there are signs of rough handiing
or of electrokyie lzakage, file a claim with the carmer and adwise
your East Fenn representative,

The lectralyte level should normally be abave the perforated
separator profector, which can be seen in the cell when the vant
caps are ramoved. However vibrations during shipping often
shake enough gas out of the cell that the slectrobte level may
drop below the saparator protector, espacially on tallar calls
IF the slectrolyie level is still above the top of the plates and can
bis seen with a flashlight through the bolas in the separator
protector, the battery may be given its inttial charge without
adjusting the electrolyte level,
If the electralyte level is not visible or is below the top of the
plates, check again for leaking cells and call your East Penn
raprasantative befors charging the battary,

2.Chack the nameplata of your chargar against the namaplate of tha
battary to make sure they both show the same voltage and that the
six-hour amparg hour capacity of the battary falls within the eigkt-
hour recharge range of the charger.

3.The "Battery Type Identification” shown on the baftery (E. EQ. EE,
EX} should mateh the “Battery Type ldantfication” speciied on
the truck mameplate

4. Make surs that the battery "SERVICE WEIGHT " which is starmped
bl the lifting hiole in the steal teay, falls within the battery weight
range shown on the truck nameplate. East Penn Manudacturing Co.,
Ine_ cannot be responsible tor determining that the battery weight is
sufficient to counterbalance your particular truck.

8. Prior 1o plaging the bafiary in service, t should be given an
equalizing charge. Near the end of the charge, check to maka sura

that the electiolyle kevels of all cells ars visible and above the
separator protector. The full charge specific gravity is 1.280 o
1.295 when tamperature corrected fo 77°F {25°0)

i, Upon installation in the truck, batfary restraints should be adjusted
to resfrict movement of the battery fo no mora than /2" ina
horizantal direction. An insulated spreader bar should be wsad
any lime the battery is [ifted or hoisted.

7. Batterizs normally should not be discharged more than 80% of
their rated capacity for langest service ife. Section 1l of DEKA
INCUSTRIAL BATTERY SERVICE MANUAL 0656 gives defailed
information faryour spacific battery type.

8. The battery should be placed on charge upon completion of the
wiork shift and returned to full charge. If at the end of the wark shift
the specific gravity has not fallen balow 1.230, it is advisabls to use
1he battery for another shitt. Mormally, batteries should not be used
for more than two successive shifts before recharging. All vent caps
should be kepl in place and the stesl tray cover or the fruck
compartmeant sover kept apen whils charging.

q, After the daily charge and prior to the start of the workshift, a
specific gravity rading shoukd be taken with a hydrometer on at
lzast ona ezl in ordar to insure full recharge. The spacific gravity
should be betwaan 1.280 and 1.295 when temparature comactad
1o 77°F (257C)

10, A copy of the DEKA INDUSTRIAL BATTERY SERVICE MANUAL
which pives more detailed information on the Operation and
Mairtenance of motive power batlenies, can be obtained from
your Deka representative by askang for form number 0658,



1. Once each week the electrolyte ievel
should he checked in every cell.
It may be necessary to add water to
the battery on a weekly to a monthly
basis, depending on the type of hattery
and the type of service for which it is
used.

2. Only distilled, deionized or approved water
should be added to the battery. Water
should be added anly near the end of the
charge to raise the electrolyte lsvel to the
bottom of the vent well. Water should be
stared in a clean non-metallic container as
impurities, even in small amounts, may be
harmful to battery life.

3. Depending on the type of service, it will be
necessary to give the battery an equalizing
charge every one to four weeks. Set the
charger to the equalize position.

MAINTENANCE

4. Bpecific gravity readings should be

recorded for alf cells ance each month
immediately after an equalizing charge.

If the readings average below 1.265, the
charger output should be checked. If two
successive monthly readings indicate
mare than 20 paints deviation in any cell
from the average specific gravity, you
shouid contact your Deka representative.

5. The top of the battery should be kept

clean and dry at all timss. When required,
the top of the battery should be neutralized,
after removing the shrouds, with a non-
corrosive water based neutralizing solution.
Make sure vent caps are securely in place
ta prevent any solution from entering cells.
After the battery has been nsutralized, rinse
thoroughly with clear water, dry and then
reinstall the cleaned shrouds.

6. The cables and connectors should be

inspected monthly for exposed copper
wires, fraying or cracked insulation, loose
connections, or pitted contacts, and
repaired as required.

7. Be especially careful to keep metallic

objects off the top of the battery, as any
metal touching twa o more connectors
may cause a short cireuit resutting in an
arc or spark which could ignite battery
gasses explosively.

8. The output rate of the charger should be

checked periodically. The starting rate
should eorrespond 1o the starting rate
shown on the charger nameplate. The
following chart shows the ampare hour
capacity at the six-hour rate, as well as

the recommended finish rate for every

cell size in the Deka D-Series manufactured
by East Pern Manufacturing Co., Inc.

TYPE PLATES PER CELL 7 g 11,13 1 17 18 2 23 25 | 27 28 31 B
D35 6 HR. AH. RATING 105 | 140 | 175 ¢ 210 | 245 | 280 | 315 | 350 | 385 | 420 | 455 | 490 | 525 | 560
FINISH RATE—AMPS 5 i g W0 1214116 | 1819 21 | 23 24 | 26 | 28
D45 6 HR. AH. RATING 135 | 180 | 225 ; 270 | 315 | 360 | 405 | 450 | 495 | 540 | 585 | 630 | 675 | 720
FINISH RATE—AMPS 7 g | 11y 14| 16 | 18 | 20 | 22 | 25 | 27 | 20 | 32 | 34 | 36
D55 6 HR. A.H. RATING 110 165 | 220 | 275 330 | 385 | 440 . 495 | 550 | 605 660 | 715 | 770 825 | 880
FINISH RATE—AMPS 8 1101416 | 19 | 22 0 25 | 28 | 30 | 33 | 36 | 38 41 | 44
D65 6 HR. AH. RATING 130 1956 | 260 | 325 390 | 455 | 620 | 585 | 650 | 715 780 | 845 | 910 975 | 1040
FINISH RATE——AMPS 0] 13161 20 | 23 | 26 | 20 | 32 | 36 | 39 | 42 | 46 | 40 | B2
D75 6 HR. AH. RATING 150 ¢ 225 | 300 | 375 450 | 525 | 600 . 675 | 750 | 825 . 900 | 975 11050 11251200
FINISH RATE—AMPS 115 19122 | 26 | 30 ) 34 | 38 | 41 45 | 43 | 52 56 | 60
D85 6 HR. AH. RATING 170 ;1 265 | 340 | 425 ¢ 510 | 595 | 680 | 765 | 850 | 935 1 1020|1105\ 1190 1275|1360
FINISH RATE—AMPS 8 13017211 26 | 30 34| 38 | 42 | 47 | 51 | 55 60 | 64 | &8
D100 8 HR. AH. RATING 200 | 300 | 400 | 500 | 800 | 700 | 800 | 900 | 1000 110011200 1300 1400 1500|1600
FINISH RATE—AMPS 10115 | 20 | 251 30 | 35 | 40 | 45 | 50 | 55 ) 60 | 65 | 70 | 75 | 80
D110 6 HR. AH. RATING 220§ 330 | 440 | 550 | 660 | 770 | 880 | 990 | 11001210 1320 | 143011540 1650 | 1760
FINISH RATE—AMPS 11116 | 22 ) 28| 33 | 38 | 44 | 50 | 55 | 60 | 66 | 72} 77 | 82 | 88
D125 8 HR. AH. RATING 250 | 375 | 500 | 625 | 750 | 875 | 1000 1125 1250 1375 1500 | 1625{ 1750 1875 | 2000
FINISH RATE—AMPS 12119 | 25 | 31 | 38 | 44 | 50 | 56 | 62 | 69 | 75 | 81 | 88 | 94 | 100
D150 6 HR. A.H. RATING 600 | 750 ; 900 | 1050|1200 1350/ 1500
FINISH RATE—AMPS 30 | 38 45 | B2 | 60 | 68 | 75
D160 8 HR. AH. RATING 640 | 800 ; 960 | 11201280 1440 1600
FINISH RATE—AMPS 32 1 40 48 | 66 | 64 1 72 | 80

EPM Fomn No 0628 HRev. 7/02

2002 EPM Printed in US A
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Storage batteries do not store electrical energy, but convert electrt-
cal energy into chernical energy which is slowly accumulated as the
charge progresses. A battery in use is said to be on discharge.
During discharge, the chemical energy stored in the battery is con-
verted into usable electrical energy.

A lead-acid motive power battery supplies direct current (DG}
power to electric fift trucks, tractors and pailet trucks. This type of
taftery consists of a metal tray containing cells, connected in seres.
These batteries come in a wide variety of shapes, sizes, voltages
and ampere-hour capacities.

Each cell in & mofive power battery contains positive and negalive
plates. Al of the positive plates are joined in parallel to the positive
post and strap, o form a positive group. The negative plates also are
jcined in paralle! 1o the negative post and strap to form a negative
group. These groups are separated and insulaled from one ancther
and they are immersed in a solution of sulfuric acid and water, called
electrolyie. These groups of plates, separators, posis and straps are
called an element and it is centained in an acid-procf plastic jar.

The cutaway illustration (Fig. A-1) shows the construction of an
East Penn battery cell. Each posttive plate consists of a lead-alloy
giid structure which is filled with a paste of active material, made
from lead oxide. The active material is forced into the positive grid
structure during manufacturing and is held firmly to the grid by a sys-
tem of vertical and horizontal glass fiber mats, which reinforce and
insulate the positive plate. A retainer and bottom shield encase each
positive plate and mat assembly to help prevent short circuits.

The negative plate alse consists of a lead alloy grid structure that
is filled with active material. But because negative plates undergo
much less aclive matedal shedding, no reinfercing glass fiber mats
are naeded. Separators provide insulation between the positive and
negaiive plates. The positive and negafive plates are connecled to
their respective posts by positive and negative straps.

A more detailed description of battery construction appears in
Section 1.



Manufactured uslrgthe world’s most modern computer Integrated manutacturlng techniques...

COVER

VENT CAP

Heat sealed with lead Insen
bushing prevents leakage and
voltagetogoundd.

O -RING SEAL

Accomodates positive plate growth
without cover distortion and leakage.

POST

Special Alloy for increased
strength and conductivity.

POST PLATESTRAP

Extra heavy to ensure a permanent
connection between posts and plafes,

POSITIVEGRID

A nonporons Jead alloy casting
designed for maximum current
canrying capacity, capable of many
years of dependable secvice

Lead alloy is manufactured on-site
and undergoes rigid testing befors,
during and after casting,

ACTIVE MATERIAL

Manufactured on-site to exacting
specifications and uniformly applied
nader rigid laboratory control to
ensure maximum efficiency
throughout long battery life

AR

Maolded of high impact-resistant
matesial to remain leak-free under
the roughest conditions.

BRIDGE

Pravides firm element support
and ample sediment space.

BOTTOM SHIELD

Provides extra protection on bottom
of positive plate to prévent shortiog
between plate and sediment.

Heavy gange with acid-resistant
protective coating. Stee covers
furnished 4s required,

Quarterturn bayonet style
simplifies watering and
inspection

SEPARATO RGUARD

White color increases
visibility for fast electoolyie
check Solid Inswlaring guard
extends beneath the staaps to
prevent shodting between the
plates and straps.

NEGATIVE PLATE

Engineered to complement
positive plate performance.

VERTICAL MAT

Laminated construction com-
prised of uniformly spaced,
fine glass tape that imbeds
into the active matesal,

Also features an interwoven
glass fibec mat wrapped
vertically around the positive
plate ensuring optimum active
materal reteation

HORIZONTAL MAT

Made of glass fibers with an
inscluble binder, Breaks up
zas bubbles and increases
positive plare inswlation and
performance.

RETAINER

A high porosity perforated
envelope that encases positive
plates and glass mats to

prevent shoms and ensure
maximum pedormance and life.

SEPARATOR

Impervious to heat, acid and
cerrosion, deep chanaeled,
microporous separators provide
insulation hetween positive and
negative plates while allowing
the free low of decteolve
throughout the cell.

ELECTROLYTE

In ample volume to easure
top pedormance ar all rates
of discharge.




SECTION | - THEORY OF OPERATION/BATTERY CONSTRUCTION OF LEAD ACID STORAGE BATTERIES

Theory of Operation

Discharging/Recharging
Characlerislics

I & fully charged condition the active materizl in the positive
plate is lead peroxce (PBOL) and the active material in the neg-
atve plates 15 sponge lead (Fh), The elsctrolyte has maximurm
sulfuric acid cortent and its temperature comected specific
granity ranges should comply with the manufacturer's recom-
mended full charge specific gravity specificabons
{See Table 1-1 ), {See Tablz 3-1 - showr on page 14 - Spedific
Grawmy Temperature Coarrections).

Recammended Specfic Gravity
Battery Tyne Fange @@ 7 7°R25°C
Standard IX Senes 1.280 - 1295
Mantensnce Saver "M Serles 1,245 - 1-255
Max Powr 7" Saries .32 - 1.330
Diesel Starting 'DUDLAY Sedes 1 245 . 1.255
Hyrrs Saver "H Sarias 1235 - 1305

Tabde 1-1

When fully charged, each cell has a voltage of approximately
e (21 vilts on open orcul, However, a cell imay have & voll-
age fram 2.12 fo 2.70 valts while being charged. A cell
develops a voltage potential when two dissimilar metals are
Immersed it a suifable fecirolyte, The two metals used in lead-
acid cells are lead peroxide (PbOg) and sponge lead (Fh), arg
e elecrolyvteis divte sulfune acia (H-5C0,). Thiz combination
of dissimilar metals and lecirolyte results in & voltage potertial
of momirally e (2) volts per call and thelr potential abilty to
delver this voifage under varying load and for vaning. periods
of tme.

wihen a battery (s discharges, the internal comporerts of each
cefll wndergo chemical changes (Figure 1), During the dis-
charge cycle, the composition of the positive plates changes
fram lead perowide (FBOL) 10 ks sutfate [PRS0L) and the reg-
ative plates from sporge lsad (Phy to fead sulfate (PRS0, The
sulfate o both the postive and negative plates comes rom the
suifuric acid in the electrobte solution combirirg chermically
with the active matenal of the plates. This chemical reaction
raduses the sulfunic acd cortert in the elecolyte. The speafic
gravity of the electrolyte s reduced and approaches that of
water (1.100). Cell voltage cecreases dunng the discharge
because the two (2) dissimilar metals (PFbO.) and (Fbj are
necorming mare similar (FhS0.),

Dunng charging, the discharging reaction s reversed and the
chamical energy 15 restored, The lead sufate on the positive
mates cohverts hack to lead permdde (Phi:p ana the lead sul-
fate on the negative plates corvens back 1o sponge lead (Pby).
The released sulfate retums to the electrolyte solution, increas-
ing the sufuric add comernt, which in Um Increases foe spechic
gravity, When these slectrochemical reactions are complete,
the cell iz again fully chargad.

Dunng charging, hydrogen gas Is formed on the negaiive plates
and mygen s Tormed on the positive plates. This explosive gas
mixture is ventes from the batiery through the ventfiller caps.
THE WARNINGS (SHOWN ON FPAGE 5) AFPLY TOD ALL
CELLS QR BATTERIES.

EPOMGE LEADL || LEAD PEROXIOE
DECREASING | TENAEAS NG
|
LEAD BULFATE || LEAD HULFATE
TCAEAEING | IRCARASMG
|
ELEGTECLYTE AF MEDAM
STRENGTH - 2ULFURIC ACHD
i AN WATER
|
SPOHAE LEAT LEAD FEROHING
LG HEARIG FMLREAEING
LEAD SULFATE LEAZ ELLFATE
OEGREAGING DEGAEASING
LLCETHCLYTE 5T MEDLI
ETHEMGTH - BULASRIC ACID
ANV TER
o P )
B i1
Baitery Ratings

A single keag-acid cell does not have sufficient power to handle
most requiremants, However conrsciing a number of galls
tgathar in series results in a battery capable of supplying high-
& power dermands.

Battery Voitage

The number of celis is determined by the required nominal
operating vokage of the esuiprent. Since each cell has a novi-
nal voltage of two (2) vols, a 36 walt indusirial fuck will require
ant 18-vell battery (18 calls x 2 volisicell = 36 volis].



SECTION | - THEORY OF OPERATION/BATTERY CONSTRUCTION OF LEAD ACID STORAGE BATTERIES (cont.)

Danger
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See P.23 for full warranty information.

HYDROGEM GAS FROM THE BATTERY OR CELL CAN
EXPLODE. DO NOT SMOKE, USE AN OFPEN FLAME, DR
CREATE AN ARC OR SPARKS IN THE VICINITY OF INDI-
VIDUAL CELLS OR BATTERIES, VENTILATE WELL WHEN
IN AN ENCLOSED SPACE AND WHEN CHARGIMG.

THIS BATTERY QR INDIVIDUAL CELL COMTAINS SULFU-
RIC ACID WHICH CAUSEE SEVERE BURNS, DO NOT GET
IN EYES, ON S¥IN OR OMN CLOTHING. IN CASE OF CON-
TACT, FLUSH IMMEDIATELY WITH CLEAN WATER.
OBTAIN MEDICAL ATTENTION IF EYES ARE AFFECTED.

PERSONAL SAFETY EQUIPMENT 15 RECOMMEMNDED
WHEN WORKING WITH BATTERIES AND SHOULD BE
USED IN ACCORDANCE WITH LOCAL REQUIREMENTS;
SAFETY GLASSES, GOGGLES OR A FACE SHIELD.
RUBBER DR PLASTIC GLOVES AND A RUBEER OR PLAS-
TIC APRCN ARE ITEMS OFTEMN USED IN THIS TYPE OF
WORK. EQUIPMENT WHICH WILL PROTECT THE EYES
FROM ACID SPLASHES IS THE MOST IMPORTAMNT SINCE
THE EYES CAN BE SERIOUSLY AFFECTED IN A VERY
SHORT TIME.

Ampere Hour (AH)

The electrical capability of a storage batiery is usually
expressed in ampeare-hours, The ampsre-hour capacily is the
number of ampare-hours which can be delivered under speci-
fied conditions of temperature, rate of discharge, and final
voltage. Basically, ampere-hours are determined by multiplying
the number of amperes which the battery will delver by the
number of hours during which the current is flowing. Example:
100 amperas x 6 hours to 1.70 volls per call = 600 ampere-
Rours (six hour rete). The size and number of plates which
make up the element then determine total cell or battery capaci-
ty. Due to the variety of job requirements batteries are
produced with many different sizes of calls,

Kilowatt Hours {(KWH)

Battery capacity is also expressed in kilowatt-hours (KWH},
which is the preduct of ampere x time x average volts per cell
during dischargs. Example: 100 amps x 6 hours x 1.930 aver-
age volts per cell = 1,158 watt hours + 1000 = 1,158 KWH, For
an 18-cell battery, the capacity would be 1,158 x 18 = 20.84
FWH. Increasing or decreasing the size of the cells or the num-
ber of cells in the battery can vary the kilowatt-hour rating.

Positive Plate Capacity

Positive plate capacity is the ampere delivery for a fixed period
of time (usually six hours) for a paricular size positive plate. A
Deka D100 type positive plate has the capability of delivenng
16.66 ampearas for six hours or 100 ampers hours (1666 x 6 =
100 AH] to a final vollage of 1.70. Increasing or decreasing the
number of positive plates in the cell can vary this ampeare-hour
rating or capaciy. In the previous examples, the battery is an
18-cell, D100-13 plate unit. To determine the number of positive
plates in each call, subtract one fram the total number of plates
in the call and divide by two. Example: 13 =1 =12 + 2 = & posi-
tive plates per cell; 6 positive platas x 100 ampera-hours each =
600 AH. The use of a different type of positive plate, such as a
075 or D125, will respectively decrease or increase the
ampeare-hour capacity, The above retings are based on an alec-
trolyte temperature of 77°F/25°C with a full charge specific
gravity at batlery nameplate rating.

Specific Gravity

The term specific gravity describes the ratio of the density of
electrolyte to the density of water, Elecirolyte weighing 1.2
times as much as the same volume of water has a specific
gravity of 1.200. The full charge specific gravity of a cell is a
matier of design and depends on several factors. The specific
gravity must be high enough to contain the amount of sulfuric
acid necessary to meet the chemical needs of a cell. If the sul-
furic acid content is too high, damage may result 1o the cell.
Since the acid content of the electiolyte decreases linearly as
the cell is discharged, the decrease in specific gravity is directy
proportionate to the amount of ampere-hours remaoved (refer 1o
Table 3-2, page 15).

The specific gravity at any point In the discharge indicates the
depth of discharge and can be translated into ampere-hours
removed. A cell having a full charge specific gravity of 1.290
and a final specific gravity of 1.140 will have a specific gravity
drop of 150 points, Example: Assume the specific gravity is
1.190 at the end of the discharge. That is 100 points specific
gravity below the full charge gravity; therefore, 15 = 67% dis-
charged of rated capacity. Allow at least one

hour after end of discharge for the elecirolye to diffuse and give
afrue reading corrected to 77°F25°C.

The lnear relation of specific gravity to state of discharge can
be used in tests to determine power consumption or capacity
required. Tests of this kind can be made to demanstrate thal &
lift truck may require a larger capacity battery to do the job, and
can lead to the solution of a problem.

Specific Gravity During Recharge

The nise in specific gravity during recharge is not uniform or pro-
portional to the amount charge returned in ampere-hours.,
Dhring the early part of the charge, thens is no gassing action o
mix the electrolde with the heavier acid being released from the
plates. The heavier sulfuric acid will lay on the bottom. A
hydrometer reading which draws electrolyte from the top of the
cell does not indicate the true specific gravity or actual state of
charge. During the gassing portion of the charge, the sulfuric
acid mixes, and the specific gravity rises rapidly o full charge
value.
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Battery Construction

Grid Casling -
Positive and Negative Grids

A plate consists of a cast lead-alloy gnd structure intc which
lead oxide pastes are applied. Since lead by tsetf would be too
507 ana flexible to make a gna, a certain amount of antimany Is
added to the gnd fo prevent it rom sagging or warping. The
grids are then cast by pouring the maotten alloy inte grid maolds.

Due to the increased amount of chemical activity that takes place
on the posihive grks during charging and discharging, positive
grids are more heavily constructed than negative grids (Fig. 1-2)

Appiy Active Material

After the gricds have been cast, the lead oxide pastes are
applied. The leaa made apphed 1o the negative gnd contains an
axpander to produce sponge lead. The positive plate contains a
putty-like mixture of lead, lead oxice, lead sulfate and water.
Because proper pasting is critical 10 battery performance, East
Penn uses highly sophisticated, computer-confrolied pasting
macnines 1o consistently apply paste 1o exact thicknesses and
weight.

Curing and Drying

After the plates are pasted, thay must be curad ana cned In &
ngidly cantrolled environment. This securely binds the active
material 1o the grid and produces a smocth, uniferm plate. The
active material, now highly porous, allows the electralyte to
penetrate freely so it can produce maximum canductivity
batween the paste and the grid for high cell efficiency. Bacause
the cuning and drying process s o Important to cell efficiency
and battery ife, East Penn has invested in humicity and tem-
parature-controdled cunng ovens (Fig. 1-3), which procuce the
highast quality platas in the incustry.

Plate Formation

The curea plates must now undergo a formation charge, which
transforms the previously ineri matenal on the positive plates
into leaa peroxide and the material on the negative plates into
sponge Isad. The plates are lowered Into a forming tark filled
with dilte sulfuric acld, then temporarily connected 1 a lead
bar, ana given a camputer-controlled forming charge. Individual
plate formation allows the entire row of plates to be formed at
uniform temperatures, which will enhance battery performance

Fi. 13

and life. The formed plates became carker and are individually
inspectad (Fig. -4 ana Fig. 1-5) to be sure that each one is per-
fect, This is impartant because many other companies form
their plates in the battery, or in groups of cells, resulting In tem-
perature vanation between plates, and they can't indivicually
Inspect sach one.

Fig. 15

Wrapping Positive Plates

The active material of positive platas (lsad paroxide} is subject to
shedding as a cell goes through its normal cischarge/recharge
cycle, The small particles that are shed settle to the bottom of
the cell. To keep the active matanal firmly on e positive plates,
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Positive Plate Wrapped

Fiz. 16

they are “wrapped™ with variou s retaiming devices including glass
fiber mats, fitsrglass faps and & retainerbotiom shield (Fig. -6)

The positve plates are first wrapped with a verlical mat, which
consigts of fiberglass tape and interwoven glass fbears, The
glass fibers imbad into the active material, strengthening in a
way similar 1o reirforzing rods in concrate, & horizomal glass
fiber mat is then wrapped around the plate o break vp any gas
butd¥es anad Increase the pates Insulstion, The wrapped plate
i then enzased in a parforated plaste retainer envelnpe that
firmly holds the glass wraps in contact with the plate while
allowing the free fiow of alestrohste to the plate. & bottorn plate
koot 15 acded fo prevert the sediment in the sediment chamber
from contasting the baftom of the positive and negative plates
and shorting out the cell.

Assembling An Element

A group of postive and a group of negative plates are stacksd
with separainrs, nserted befwesn each postive and negative

Fig 17

plate, 1o the desired cell size, Both ouisida plates are negative,
therefore the number of plates per cell s always an cdd num-
ber, with sach cell having ona maore negative then positive
plate.

The separators used to msulaie the positve plate from the neg-
ative plate are groswed on ong side and fiat on the olher (Fig,
7). The grooved side faces the positive plate. The flat side
faces the negative plate because the sponge lead of the nega-
tive plate would expand f it faced into the grooved side. In
some casas, posifive plates can be insered into separator
Sleaves, Whch are Two Separaters jined at the sides.

When assembling the stack of plates and separators (mto an
elernent a post plate strap s welded onto te positive piate
lugs and arcther ore is welded ontc the negative plate lugs. At
the same fime, posiive and negative posts are walded onto the
proper plate straps, A perforated plastic moss shield is placed
on top of the assermbled plates (Fig. -8), The moss shield also
protacts the tops of the plates and separators and panmits tha
gas bubbles to get up 1o the surface of the electrolyie.

Fig 18
Finishing the Celi Assembly

Afimished call consists of an element inserted into a high-impact
plastic jar with a cover {Fig. 1-2). Before the slement goes into
the jar, & seciment bridge 15 installed 1o give the element firm
support ard provice a place for seciment 1o sethe.

After the completed slement is insered into the jar, a high
impact plastic cover 15 placed on top ard heat sealed oo the
jar. Thecover's positive and negative terminalz have a lead post
hushing attachad and are welded fimly to the slemem's posts.

Each finishes cell Is alr tested 10 epsure an air fight cover-1o-jar
and postio-bushing seal The air test can also detect any leaks
in the high impact plastic jar.
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Assembling into Trays

To create a battery, a specific amount of completed cells {ele-
ment, Jar ané cover) are Inserted into a stesl tray, Spacer
matenal may be added between the celis and tray 1o assure &
Bight assembly.

East Penn will assemble batteries with or withaut a hot asphalt
based sealing compaound thatis paured in the channeals
hatwaen cells, per customer raquest. East Penn racammeanads
that sealing cormpound be used because |t prevents dirt ang
fiushed electrolyte from draining benween the cells and tray. This
internal build up of carresive material over time could cause cell
or tray damage and result in voliage shorts to ground that
adversely effect it truck electrical controls, Once all the jars
have been sealed into the fray, intercell connectors are attached
{Fig. -10). Electrolyte is then added to the cells and the battery
1s moved to the boosting room for a final charge.

Battery Finishing
and Shipping

Afier the boost charge, the batiery is sent to the finishing line,
where cables and connectors are attached ascording to the
buver's layout specifications (Fig. |-11). The battery is then
weighed, thoroughly cleansd, and inspected. Actual batiery ser-
vice weight and the tray drawing number are stamped on the
stesl tray, and all hattery identfication labels, warning labels,
plagues, and service stickars are afiived 1o the ray.

The finishes battery is wrapped In plastic and palletized,
Shipping information and insfructions are inciuded with the bat-
tery before shipment and a "carrasive” labe! 1s attached o all wet
{cantairing electrolyte’ shipments,

All Zast Penn employess are extremely proud of the products that
thay preduce. You can be assured that the highest quality matari-
ais and workmanship were used 1 manufacture your battery
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Sea P23 for full warranty informaton,

Only trained and authorized personnel should change,
repair of charge baiteries,

Wihen used property, a lead-acid motive povwer bateny is a safs,
dependable source of elecirical power, However, if proper care
and safety precaufions aren't exercised when hancling a hat-
tery, It can be an extremaly dangerous plece of eguipment

There are four hazardous elements in & lead-acid battery: suifu-
flc acid, explosive gases, electricity, and weight.

Hazardous Elemenis

Sulturie Acid: The elsctrolyte in a lead-acia storage battery
is a diluted solution of sulfuric acid and water. Although the acid
cortert in the solution is oily about 37%, s &bl & sirong corro-
sive agent and can bum skin and eves and sal holes 0 many
fypes of fabric, {Sea Wearing Protective Clothing.)

Specric Gravity Feading % Acid Cortert by Weight
1.280 2740
1.280 I8 EE
1,325 4250

Explosive Gases: When a |ead-acid battery is being
charged, it procuces an explosive mixiure of hyarogen and ady-
gen gases. Make sure that ail verd caps are unclogged ana
securely attaches si that any gas i safely vented from the bat-
faty. Mever smoke, use an open flame or create an arc or
sparks on or near a batery without first eliminating explosive
gases from the cells you're working on, (See Gas Purging —
Section V1)

Electricily: An electric shock hazard easts for persons who
cortact lve parts of batteries when the voltage is over 50 valts,
The Pigher the voltage, the greater the electne shock hazars. In
addifion, metallic objects coming in comtact with exposed cell
connestors will cause a short and can become very hot, Even
shorts involuing & single cell can becorre hot encugh to cause
BENETE RIS,

Weaight: The average lift truck battery weighs mors than
2,000 pourds. Obvicushy it can cause senous injury (f i isn't
hanaled carefully during instaflation, removal or transport. Uss
proper ifting equipment and technigues at &l times,

Wearing Protective Clothing

When working on or near battenss, always waar prapar protec
tive dothes including a face shield, salety glasses, long-slesved
shirt, amid-rasistant boots and gloves. Do not wear any meatal
jewslry because # can short circuit & battery and become
extremely hot if it accidertally cortacis exposed intercell con-
rectors. Aefer to detailed warnings, Sechion |, Fage 5,

Lifting Batteries

Chain hoists used 1o handle battenes should be eguipped with
a non-metallic comamer or buckei o prevert the chains from
dangling and passibly causing a shor by eoming 0 contact wib
exposed intercell connectars on fhe battery top. if no protection
15 avallable, cover the battery with a non-conducting insulating
material such as plywood or heavy plastic.

Fig. {11

Always use the proper liffing equipment o reduce the risk of
tray gdamage, shoring and possitle mjury, A wood insulated
battery Wfting beam wsed with an ovarhead boist 15 the safest
way e move a batteny (Fig. (-1} AR insulated IFing Beam, with
P that fit property into the (ifong «ars in the ray, can be
used with almaost any type of ovarbead hoist. Be sure the lifting
hoceks align perfectly with the battery ifting ears, Misaligred
honks can cause battary [fing ear damage and could dizen-
gaga while tha battery is heing liftec.

Using the Ballery as a Counierbalance

In order for most I trusks t operate safely, the battery 12 used &
sounerbalance the caned load, Therefore, a new or diferent bat-
tery must fall within the recommanded bathery weight range This
Battery wealgnt infarmation iz found on the nameplste of e thuck, A
battery's sennce weight is usually stamped on the tray near one of
thee lifing holes. A Battery that's too haawy of too ight can change
the tuck's center of gravity and cauze it to be unstable [Fs the
user's responsioility o be sure that this weight 1s in the proper
Tange
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CHARGING BATTERIES

HANDLING ACID

Charging Areas — Proper Equipment

All plants should have designated charging areas, especially if they
change batteries at the end of each shift. These areas should have
proper battery handling equipment including overhead haoists, {ifting
beams, battery racks and cranes, and the area must be well ventilat-
ad.

A source of running water nearby is desirable and a water hose at
the filling operation is recommended.

Racks used in the charging area must be insulated to prevent any
sparking. The battery rack supports must also be suitably insulated
or made of non-corducting material,

The floors in battery and charging rooms should have an acid-resis-
tant coating and be sloped toward a surmp. They should always be
washed with clean water after an acid spill. The spill should be neu-
tralized with a non-corrosive, water based neutralizing chemical that
is user safe and environmentally compliant.

Hand-operated fire extinguishes should be available in all charging
areas even f the areas are equipped with autormatic sprinkler sys-
tems. For information on extinguisher class, size and mounting
locations, consult local fire authorities or your insurance carrier.

Charging Areas — Proper Ventilation

The charging area must be preperly ventilated, either naturally or
with a ventilation system. When installing a ventilation system, a
nurmber of factors must be considered, including the number and
size of batteries being charged at one time and the size, height and
air-tightness of the room

Ventilation is considered satisfactory if the hydrogen concentration
doesn’t exceed 2% in any one location. Concentrations of more
than 4% are explosive and dangeraus. A number of instruments,
such as combustible gas indicators and flammable vapor indica-
tors, are available for continucus automatic analysis of hydrogen
content in the air.

Always Keep tray covers and truck compartment covers open when
charging a battery. This helps cool the battery and disperse the
gases.

Connecting/Disconnecting Charger

Always turn the charger OFF before connecting or disconnecting a
hattery. Live leads can cause arcing and sparking, which could
cause an explosion if battery gases are present. In addition, the con-
tact surfaces of the plugs or connectors will become pitted avertime.

Sparks, Open Flames

Because of the explosive gas mixtures generated while charging
batteries, anything that could ignite the gas, such as sparks,
open flames, an electrical arc, smoking, etc., must be prohibited
in the charging areas. To serve as a prominent reminder,
“NO SMOKING” signs should be posted in all charging areas.
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Pouring Acid

Use a carboy tinter or safety siphon when removing acid from a
carboy container. The venting device in a carboy prevents splash-
ing. Carboys should be stored in a cool place away from direct
sunlight. (Note: Use proper eye protection, protective clothing and
equiprent.)

Mixing Electrolyte

Mix electrolyte in a heat and acid-resistant container. Always pour
acid into water. Never pour water into acid because a viclent chem-
ical reaction can ocour, Pour the acid slowly and stir the mixiure so
the acid doesn't settle on the bottom,

When using high specific gravity acid {above 1.400), take special
precautions because it can be extremely dangercus. (Note: Use
proper eye protection, protective clothing and equipment.)

Store acid and electrolyte solutions in covered containers made of
lead, glass or acid-resistant plastic. Keep the containers in a ceol,
dry area away from direct sunlight.

important - only the most experienced batlery lechnicians
should be allowed access to sulfurie acid and allowed to add
acid for cell equalization purposes.

First Aid for Acid Splash

Eyes: Flush immediately with gently running water for at least
15 minutes, then see a doctor as quickly as posshble. For contact
lens wearers, remove the lens before the eyes are flushed. A
buffering or neutralizing agent shouldn't be used in the eyes with-
cut the approval of medical or safety personnel.

Skin: Wash affected area under running water and apply a
chemical bum treatment. Severe burns require immediate medical
attention,

Clothing: If large areas of clothing have been splashed or
soaked, the clothing must be removed and the acid must be neu-
tralized with a non-corrosive, water based neutralizing chemical
that is user safe and environmentally compliant and then rinsed
under running water. If the clothing is rinsed quickly enough, the
chances of damage to the material are lessened.

Acid-resistant boots should always be checked before wearing to
be sure that there are no acid puddles inside.
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Eye Wash and Emergency Shower Facilities

Emergency eye wash and acid neutralization facilities should
be lcated in the immediate work area for easy access, The
three most popular types of eye wash and acid neutralizing
equipment are the chemical bum station, deluge shower, and
eye wash fountan,

EMERGENEY
| ETEWASHSTATION

Fig, -2

1. A chemical bumn station (Fig. 11-2) 18 used i smaller bat-
tery charging and rapair areas. The stafion consists of a
wall-mounted plastic sgueeze boftle that contains a buffer-
ing solution for treating acid burns on skin, eyes and
clothing. This Inexpensive equipment should be used only
where acid with a specriic gravty lower than 1.400 is used,
A buffering or neutralizing agert shouldn't be used in the
eves without the approval of medical or safety personnel.

Fig. 18
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2. Adeluge shower (Fig. II-3) shoula be usaed where high spe-
cific gravity acia (above 1400 is bancled. The shower uses
a handle or foot treadle to turn on a powerful water stream
that can wash acic from skin and clothes.

Fig. i

3. An eye wash fountain (Fig. 11-4) should be used wharsver
bafteries and/or acks 1s handled, regardiess of the acld's
specific gravity. This device produces two streams of water
50 that both eyes can be flushed simultanecusly,

Neutralizing Acid and Electrolyte

For cleaning batienes, non-corrosive, water based battery
cleaning products are all that should be used. For user safely
and environmertal regulatory cormplianca, the cleaning liquid
shoula contain no hazardous chemical ingredients. Evan some
products labeled "Battery Cleaner” must be avoided because of
hazardous mgradients and damage to battenes and related
esuipment.

Acid spills are common 1 battery rooms. When acid spills aceur
it s crifical 1o mirimize:

1. Health and safety risk to persornel and the
environment.

2. Damage to batteries, equipment, and surrourcing
surfaces,

3. Time to neutralize, absorb, and clean-up.

4. Disposal costs of waste matenials,

5. Regulatory compliance risks ana fines,

Neufralizing ackd absorbers and spill kits have the performance
attributes required when dealing with acid spills. Tha ph neutral
cry and non-hazardous waste is easy to sweep-up and dispose
as non-hazardous waste,
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Repairing Batteries

Keap in mind several safely points when repairing batteries:

1. Mever work an a battery while on charge or discharge.
Always disconnect it from the charger or truck first.

2. Ahways remove vent caps before baginning work,

3. Always remove gas from all batlery cells before bagin-
ning work (see Gas Purging — Section V).

4, Use caution when meting sealing compound. Metted
compound is extremely hot and can cause severe
burns if not properly handled (see Sealing Compound
— Section VI).

SECTION Ill — INSTALLATION AND USE

5. To prevent possible shor circuits, use insulated tools
whenever you are working on a battery. If possible,
cover the terminals and conneciors with an insulating
material such as phywood or heavy plastic, I the bat-
tery being worked on does not have intercell
connaecior and terminal shrouds installed,

For more detalled information on safety battery repair proce-
dures, see Section VI — Battery Repair.

Receiving a Battery

After receiving a battery, examine the crate and pallet for signs
of damage. If you see any wet spots, the battery may have
been tipped or damaged during transit. Be careful when han-
dling a crate or packing mafterial that's contaminated with
spilled electralyte. Chemical burns can result # skin or clothing
comes in contact with the spillage. Follow the precaufions fisied
undsr “Handling Acid” — Section IL

KEEP ELECTROLYTE LEVEL BELOW
FILLING WELL AS SHOWN

i A

Fig. N1

Every cell should be inspecied to be sure that the gectrolyvte
level s above the moss guard (Fig. Wl-1). IF the alectolyte level
is slightly below the moss guard in any cell, it can be raised by
rransfering a smal amount of acid fram higher level calls within
the battery by using a syringe or hydromeder,

If & large amount of liguid is required to ralse the level, the cell
jar may be dameged. Inspect the packing material under the
fray for signs of leakage. All damaged componants should be
inspected by your East Penn agent or represeniziive.

Call your East Penn representafive immediately. In the mean-
time, keep the damaged cell's vent cap tightly in place and
protect fhe floor from acid leakage. Do not atampt to discharge
or charge the batfery,

Temporary Storage

When it is fully charged and the electrolyte is at the proper
leve|, the battery can be stored for up to & year. It should be
stored in a cool, dry, wellveniilated area away from direct sun-
light, If the battery must be stored for sevaral months or kenger,
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Temparature Effect on Specific Gravity
of New Batteries
Stored on Open Circuit

Mesdimum
Temperatura Loas of Specific Gravity
(Degrees Fahrenneit) Par Diay
120 004
100 003
80 .00
50 0005

a freshening charge (see “Piacing & Wal Chargad Baltery in
Sarvica”) should be given whenever the speciic gravity falls
below 1.240 or every siv weeks. If the average storage temper-
ature is below 68°F (20°C|, check the specific gravity at least
once avery two months. If the temperature is above 68°F
(20°C), check it every month.

Biatteries in steel trays without covers should be coverad with a
non-conductive material to protect them from dirt, moisture, ete,
& flat sheat of rigid plastic or plywood will work well. Do not
drape flexible plastic sheating over batteries because it might
trap explosive gases underneath.

fote: If batfenes must ba stored for more than ana year, consult the
manufachurer,

Placing a Wet Charged Battery in Service

Give a freshening charge to a new battery befare putting it inta
service, Charge the batlery until the specific gravity and all cell
vollages have stabilized, The full charge spacific gravity is
1.280 to 1.285 when temperature comected to 77°F [25°C).
Ideally, the battery should be codl; less than 30°F [32°C), when
it's installed in the vehicle. Cheek the manutacturer's specifica-
tions for full charge specific gravity on high gravity battery
tvpes.

When instaling a battery, make sure that the battery compart-
ment is clean, comosion-free and the ventilation openings aren’t
ohstructed or blocked off,

To Iift the battery, use a lifting beam and an cvernead hoist (see
“Lifting Batteries” — Section I1). Set the battery securely in the
compartment and block it into position. Some vehicles have
adjustable cips for blocking the battery into place, The battery
should not be wedged tightly into the compariment because
clearance for expansion must be provided. However, clearance
cant excead 1/2" between the block or clip and the battery tray
(Fig. l-2).
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Fig. 112

Be sure all vert caps are in place because elecirolyte from
uncaEpped calls can corrade the ray and vehicke.

Placing a Dry Charged Battery in Service

Mote: The achivaton of dry changed baffenas s an imofved pro-
cess which shauld be Randled Dy Hrained parsonnal, For a
taraigh explanation, refer to East Penm's “Procedure for
Actneating Dy Chargad Industnal Calls and Bzfamas,” wihvaht 1
auppliad with avery dry chargae baltany.

A dry charged battery 15 a fully charged battery from which all
the electrolyte has besn removed. Becauss it's essential 1o
keep these battedes in the dry state until ready for use, they
shoulg be stored in a cool, dry, low-humidity area with their vent
caps and protector cap and plugs tighily in place untl ready for
use. When reactivated, install as dessribad in "Placing a Wet
Chargsd Battery in Service.”

Cycling Characteristics

Every time a battery is discharged and then recharged its
calles & cycle, An average battery fasts 1,500 to 1,800 ovcles,
oF 5 to & years. (Actual baftery Iife depends on baftery typs, the
severfy of use and how fhe baftery was mairtained while in
Serice.)

As a battery cdischarges, the voltage normally drops slowly at
first ana then more rapicly toward the end of the dischargs
Battery temparaiure, or the ofber bard, nises dunng dischargs,
although tha increasa isn't as high as it i1s during charging. The
arnount of temperature increase depencs on ambient tempera-
fure, ampere discharge rate, and the amount of heat cissipation
{which vanes according 9o battery fype),

To obtain maximum senice Ife, bamenes should be operated at
115°F wﬁ‘C] of lower, and they shouldnt be discharged 1o
bedosr BO% of rated capacity. Frequent gver-aischarging can
drastcally sharfen battery bfe.

One way to prevent sver-diseharging 1S to be sure that the
arnpere-nour (AH. ) capacity rating of the batmary is bigh enough
for the batery's wark loac. The batmery will over-discharge I its
wirkload exceeds |5 capacity. For heavy-outy applications, &
higher capacity battery — such as Sast Penn's MAX FOWR
battery — may solve requent over-diachame problems, To
daetarmine it a highar capacity batftery is Aght for your naads,
cortact your East Penn agent or representative.
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Operation of the Battery

There are several factors that effect the operation of the batiery
conceming its atwiny to deliver capacity and e expectancy,
Kany chemical reactions are effected by tempearature, and this
is true of the reaction that ococurs in & storage batiery. The
chermical reaction of a lead-acid battery 15 slowed down by a
lowering of the electrolyte temperature that results in l2ss
capacity. 4 bathery hat will deirver 1006 of rated capacity at 777
F will cnly deliver 5% of rated capacity at 32°F. See Table 3-1,
for spectic gravity and on charge el valtage tarmperature cor-
rechicn:

Specific Gravily and On-Charge Cell Voltage
Temperature Correction

EXCESSIVE HEAT will connbute greatly to reducing battery
lifa by corroding the positive grids and excessive gassing which
loosens achve material in the plates, espesially the positive
plare. Over charging is the most common eontnbunng factsr io
excessiva mmperatures and gassing in a batery. A propardly
rates and marched charger Wil help o avold the problem of
overchargmg.

CONSISTENT UNDERCHARGING of a battery will graduslly
run down the cells and resul In one or more cells becoming
completely discharged befere the others, and may becoms
reversed. Capacity and life sxpectanzy are greatly reduced by
uncesenanging. Egualizing charges 1o netum he celis o a nor-
mak conditicn should be part of a weekly mainten ance schedule,

OVERDISCHARGING can also cause permarent damage 1o
the attery. Racharging s more cifficult and more ime consum-
Ing. Often complete recharge Is not attainesd ard the
undsrcharged batiery is placed into servce, Consequantly, i
over discharges foa lower brnit resulfing in loss of capacty and
pramature battery failure. Optimum bathery life can ba aided by
liemitin g the depth of discharge ta 809 of it rated capacity.

A pood batery mainterance program is necessany 1o protect
life expectancy and capacity of the battery. & mone detailed dis.
cussion of batiery maintenance can be foung in Section IV of
Vs rmanial,

BATTERY CHARGING

Basic Charging Facts

Froper charging is essential for maximom batery il In gerer-
al. tha proper charging rate for lead-acid battenes is any rate
wl*nch doesn't produce temperature higher than 115°F (46°C),
ard any rate which coesn't cause excessive gassing.

YWhen a discharged battery 1= mnadly placed on charge, i draws
& cument equal or close to the charger's maximum output. As
the battery's uolage nses, fhe charger output should agjust to
the changing voltage to assure a safe, eficiert charging rate
curing all stages of the charge.

With today's autementic starstop charges, under and dvercharg-
ing are virtdally eliminated, These “smart” charges have
computenizad control units that can determine when a battary is
fully sharged and then automatically terminate the charge cvele
For example; The charger celivers & “maximum’ start rate of 20
armps per 100 AH, of rated capacity. As the voltage nseste 2.37
volis @ 77°F {258°C) per call, he gassing volage of the battery is
heid constant entl the charge rate tapers down 1o S amps per
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Typical Recharging Characteristice
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100 AH. This finish rate is held constant wntil the charger auto-
matically shuts off. Charger start rates should not be more than
20 amps per 100 A H. of rated capacity, and the finish rales not
less that 5 amps per 100 AH, @ 2,60 V.P.C. (Fig. lI-3).

The above reguirements will returm a discharged battery 1o full
recharge, See your Easlt Penn representative for detalls.
Feriodic inspaciion and adjustmeni of automatic charges
should be done by a qualified alactrician.

Specific Gravity Temperature Correction

Specific gravity maasuremants are based on a cell tamperature
of 77°F (25°C). In order to obtain an accurate specific gravity
measurement, the hydrometer reading must be adjusted basad
on the temperature of the electrolyte. A good rule of thumb for
temperature correction is to add 4 points of specific gravity
(.004) for each 10 degrees Fahrenhelt over 77°F and to sub-
fract 4 points for @ach 10 degrees under 77°F.

See table 3-1 — Specific Geavity Temperature Correchion
Charging Methods

There are bwo important types of charge that are used for lkead-
acid Industrial batteries: Standard Hecharge (Cycle Charge]
and Equalizing Charge, (A third fype of charge, the Freshening
Charge, s explained fn “Piacing a Wat Charged Ballery in
Sarvice’).

Standard Recharge — Afier a battery has undergone a normal
full shift and has been fully discharged o & recommended 80%:
of rated capacity, it must undergo a complete, or standard,
racharge. Narmally, a standard recharge is based on an 8-hour
charging cyclae.

Equalizing Charge — Due to a slight difference in the conatrue-
tion of each battery cell, some cells take less charge than
clhers, An occasional equalizing charge will correct these cell-
to-cell imbalances and bring all celis up to the same capacity.
An equalizing charge is simply a 3-hour continuation of the
standard recharge al no mora than the battery's finish rate. A
minimum 3 amp per 100 AH. equalize charge rale is necessary
i recaive the full benafit of the equalize charge, A lower equal-
ze: charge rate will require a longer equalize charge period.

The best way to delermine if the batiery needs an equalizing
charge Is to check the specific gravity readings for each cell. If
thera is mora than 0.020 specific gravity unit variation beteasn
any two cells, the battery should be egualized. A good rule of
fhumb is 1o equalize the ballery once each waek,

See lable 3-2 — Specific Gravily va. Parcent Discharge
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Tﬁmpsmlli: g:m‘:ﬁuns

Eleciralyis Spedific On-Charge

Temperzture Gravity Call Voltage

Fahranhsit Celgils Cormaction Correclion
130 54 +022 +.18
127 53 +. 020 + 17
124 51 + 019 + 16
1 43 +.018 +.16
e 43 +.017 +.14
115 45 +.016 +,13
112 w1 +.014 +.12
109 43 +013 +.11
106 a1 + 012 +.10
103 3= +.011 +.08
000 A + (15 =+0f
ar 3 +.008 +07
94 34 + 007 +.08
91 33 +. 006 +.05
88 1 +.004 +.04
8o 29 +. 003 +.03
B2 ] .00z +, 02
78 s + D11 +.011
Th 24 — —
T3 23 - 002 -
70 21 - 003 =02
687 19 - (4 -3
64 18 - (05 -4
61 18 - 5 -06
58 14 -.008 -.0B
55 13 -.008 - 07
52 11 =010 - 08

Tabie 2-1
The Charging Process

During the charging process, the sulfate in the battery plates,
which accumulated during discharge, is driven back into the
glecirolyie. This increases the specific gravity and brings the on-
charge voltages up to 2.50-2.70 volts per cell, depending on the
age of the battery, (See “Discharging/Charging Characteristica”
in Section 1).

#s the battery approaches full charge, the charging rate must be
reduced to the batieny's finish rate. The finish rate is that current
which can be used safely on the battery anytime charging is
reguired, and which can be continued after the completion of the
charge without causing excessive gassing or high tempearatures.
East Penn's official finish rate in amps is egual 1o 5% of the amp
hour capacity at the 6 hour rate. The finish rate iz on the name-
plate of all East Penn batieries.

Mormally, a battery will be properly charged if the charging
equipment is in good working condition and the battery is
“healthy”™. A fully charged battery will have the following charac-
teristics while on charge.
= Gtable on charge batiery voltage
- Gassing fresly
= Charger current readings have leveled off
ta finish rate
+ Temperature-comected specific gravity has
slopped rising

Sae table 3-1 for apacitic granity temparatura corrections.
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D and M Series

MAX POWR Series

ELECTROLYTE SPECIFIC GRAVITY
VS. PERCENT DISCHARGE

GRAVITY

o 20
PERCENT DISCHARGED

A & ol 100

ELECTROLYTE SPECIFIC GRAVITY
craviTY VS, PERCENT DISCHARGE

1325

1.290
1.280

1270

1.250

1240

T80
1170 Latd
Eaby ]
PE - P10
g

1460

1150

RRE

ARL ]

1120

1100

a a0
PERCENT DISCHARGED

40 a0 20 100

Tabis 3:2

15




SECTION Il — INSTALLATION AND USE (cont.)

improper Charging
Improper charging reduces battery capacity and life.

Undercharging can cause residual sulfation to remain on plates,
reducing cell performance. Sulfation also slowly cccurs when
batteries are stored for months without receiving periodic fresh-
ening charges. The cells of a suifated battery give low specific
gravity and voltage readings. it's difficult to bring a heavily sul-
fated battery back to full charge and doing so will develop high
temperatures. (Sea “Correction of Sulfated Cells” — Saction V).

Undercharging also results in insufficient gassing, which creates
a high acid content at the bottom of the cell, eventually leading
o sulfation on the bottom part of the negative plates. This condi-
tion can be corrected by periodic equalizing charges.

Although alt batteries are ovarcharged to an extent during every
charge cycle, severe overcharging results in excessive gassing
and very high battery temperatures — both of which are damag-
ing to the battery. Battery temperatures should not exceed
115°F (25°C}) during charging.

Excessive gassing occurs when a high charging rate is contin-
ued after the battery has been brought to its gassing voltage
(2.37 volts per cell nominal). A noticeable bubbling of electrolyte
can be seen, accompanied by high electrolyte temperature.
Because the gas is released from the electrolysis of water,
axcessive gassing results in unusually high water usage. (See
the Troubleshocting Chatt at the end of Secfion IV for additional
causas and remedies.)

For reduced maintenance and long, trouble-free battery life,
make sure all your batteries are properly charged. If you're hav-
ing trouble correcting any problems, contact your East Penn
agent or representative.

Charging Safety

There are several important safety precautions that should be
taken when charging a battery:

Do not use open flames when checking the electrolyte
levels in storage batteries.

Keep all open flames, sparks and maiches away from
the charging area. DO NOT SMOKE around the charging
area.

Only propetly trained personnel should charge batteries,
Before a battery is removed from a truck, or charged ina
truck, the truck’s electrical circuit shouid be open, the
kattery should be unplugged from the fruck, and the
wheels should be chocked. (Iif removing the battery from
the truck, be sure to use proper lifting methods and
equipment.)

The charger shouid be OFF before connecting it to the
battery.

All mechanical connections on the batiery and charger
should be tight, Loose connections can overheat and
cause arcing that could cause a gassing cell to explode,
ot cables 1o hecome hot to the touch.

Covers on ballery trays should be kept open while
charging 1o promote cooling and allow gas to escape, If
the batiery remains in the truck during charging, keep
the battery compattment cover and battery tray cover
open.

Vent plugs should be kept firmiy in place at ali times to
minimize electrolyle spray when the battery gasses,

The charger should be OFF before disconnecting the
battery.

The charger connector shall not be plugged into the Iift
truck connecior under any circumstances.

SECTION IV — BATTERY MAINTENANCE AND TROUBLESHOOTING

Proper maintenance is essertial to obtain long life and maxi-
mum efficiency from any Industrial battery. Carefully following a
scheduled maintenance routine will help increase battery per-
formance and prolong service life.

One of the keys to an effective battery maintenance program is
to maintain an accurate records system of battery cycles and
maintenance/frepalr work for each battery. A records system is
particularly important for operations that use a large number of
batteries.

If you don already have one, these procedures should help
you create a reliable records system:

1. Assign a code/identification number to each battery and
charger. Use a multiple digit-system if you have several
different sizes or types of batteries. Prefixes or suffixes
can be used to identify batteries by size, voltage, shift,
lift truck, etc.

2. Designate a “pilot cell” for each battery. Record the spe-
cific gravily, voltage and temperature of the pilot cell
when the batlery is first received and equalized, and
before and after each charge. The readings taken on
the pilot cell are considered to represent the specific
gravity, voltage and temperature of all the cells. Always
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use the same cell for the pilot cell. The pilot cell
should be positioned near the center of the battery and
can be identified with a marking of some sort on the
intercell connector shroud or cell cover.

At least once each month, measure and compare the
specific gravity of all the cells. The readings should be
uniform from cell to cell. If the specific gravity readings
fall 20 points {0.20) below the nominal specific gravity
reading of 1.290, the electrolyte levels should be
checked and brought up to a uniform Isvel before check-
ing for a second time. If, at any time, the readings are 20
points (.020) greater than the nominal specific gravity
readings of 1.280, or the range of the on-charge cell
voltage readings is more than 0.15 volts, the battery
could be showing signs of cell failure. Contact your
authorized Deka Service Representative.

Remember to accurately record the number of cycles,
specific gravity, temperature and voltage readings; and
all maintenance and repair information for every batlery.
THE DAILY BATTERY RECORD (Fig. 1v-1) is an exam-
ple of a basic record-keeping form. You should use a
form that best fits your opsration’'s individual needs. it is
also recommended that the identification number of the
charger used to charge the battery be recorded.



SECTION IV — BATTERY MAINTENANCE AND TROUBLESHOQOTING (cont.)

DAILY BATTERY RECORD

Battery Number

Month Year
Total Cycles
Specific Gravity
Date deac;gg Operator

In Qut

Repairs and Capacity Tests
{Date, Description and Results)

Fig. V-1

In addition to providing records of tests, repairs and individual
performance for each battery, accurate record keeping can also
reveal other helpful informaticn:

« Specific gravity records taken at the beginning and
end of each cycle can pinpeint any iregulariies in the
battery’s condition or in its operation. Readings taken
before recharging can indicate possible over-discharg-
ing and use in a low voltage condition, which eventually
can cause damage to lift truck electrical components
and shorten battery life.

+ Maintenance and repair records can also point to bat-
tery abuse as well as help gauge individual battery
performance.

+ Monthly and yearly records indicate te battery's cycle
“age” and assist in controlling inventory and replacement
programs.

Reading Hydrometers and Thermometers

To take a specific gravity reading, remove the cell's vent cap,
place the rubber hydrometer nozzle into the vent opening and
draw enough electrolyte into the barrel to permit the float to rise
freely. Hold the hydrometer at eye level as shown in (Fig. 1V-2).
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The correct hydrometer reading corresponds to an imaginary
line drawn across the side of the barrel at the lowest level of the
electrolyte. If the hydrometer has 1o be removed from the vent
hole, pinch the nozzle tightly or place a gloved finger against
the opening to prevent dripping.

To take the temperature reading, use the thermometer that's
built into the hydrometer, If your hydrometer doesn’t have one,
insert a thermometer into the electrolyte of the cell. I the ther-
mometer doesn’t have specific gravity/termperature corrections
marked on it, refer to the temperature correction chart { Table 3-
1 — Section ). Aways make sure the corections on the float
thermometer agree with the chart in this service manual.

To obtain an accurate gravity measurement, it is important to
temperature correct the reading, as all specific gravity readings
should be corrected to a standard temperature of 77°F for prop-
&r comparison.

HOLD HYDROMETER VERTICAL
TAKE READING AT
EYE LEVEL

Fig. -2

Using a Voltmeter

Using a voltmeter to measure open circuit voltage is usually a
faster and easier way to check a battery than measuring specif-
ic gravity with a hydrometer. A volimeter is also used when
on-charge or on-discharge voltage readings are needed.

For individual cell voltage readings, place the positive lead of
the voltmeter on the positive terminal of the cell and the nega-
five lead of the voltmeter on the negative terminal of the same
cell {Fig. IV-3).

After measuring the voltage of every cell, take the specific grav-
ity readings of the cell with the highest open circuit voltage and
the cell with the lowest open circuit voltage. The specific gravity
readings should confirm the state of charge of both cells and
accurately pinpoint the difference between them. If the specific
gravity difference is greater than 20 points, a problem might
exist with one of the cells. Also, a cell may have internal prob-
lems if the open circuit voltage is more than 0.03 volts below
the average voltage of all the cells.

Battery Inspection

Batteries should be inspected periodically to avoid damage
resulting from previously undetected problems or improper
maintenance and cperational procedures.



SECTION IV — BATTERY MAINTENANCE AND TROUBLESHOOTING (cant.)

Fio. V-3

Always record basic data gatherec dunng routine inspeciions.
The first step s 10 visually inspect the battery,

Loak for:
« Corrosion on the tray, terminals or intercell connectors.
+ Leaks or damage 1o the tray
+ Damages catie feacs, ferminals of eonnections
« Damaged, clogged or missing vent caps.

Hepair or repiace any damaged pars {see Sacfion ¥ — Baftery
Rapair) and thoroughly clean the battary. {Battery ceaning is
coversd N detall later in his section ) in case of serious cam-
age or for major repairs. comact your nearast authaizad East
Fenn reprasertafive.

Belore taking amy speciic grawty or voftmeder readings, the bat-
tery should be fully charged, but then placed on charge again
and allowed to charge for a minirmum of 15 minutes. Take spe-
cific gravity ard valtage readings for each cefl and recors the
readings on your battery inspection form. Usa the battery's pas-
e termieal cell as cell #1 and follow e intercel connectons
o the last cell (ihe battery's Pagative terminal cell). Look for any
unusual readings that might incicate a probiem cell.

Adding Water/Adjust Electrolyte Levels

Batteries normnally 10se a cerfain amount of water due 1o evapo-
ration and eRctrolysis dunng charging, 11's very Important not to
Al the electrolyte level in amy cell 16 drop beloe the 1op of the
SepErater protecton, since low levels can damage the plates
and shorten lifa. k's egually imporant fo avoid overdiling the
cells, as elactroiyie will be forced cut of the vert caps dunng
chargirg onio the fop of the battery, causing tray corfosion and
raducing batteny capacity

Oniy approved water should be used to water cells because
cerain impurties and chemicals founs intap water can be
narmful 1o batteres. Tap water in certain areas of the country 1=
unsutable & any fime, while in other areas it may be satisfacto-
ry anly curing certain seasons. i the water in your area isnt
sultable, use distlles or de-ipnizea water. The Matsnal
Electrical Manufacturers Association (NEMA) standards for
maximum alliweable impurities ane:

Total Sohids 340 P PM (parts per millicr)
Chiotides and C1 245 PP
Mirates as NO3 10 FPM
I as FE 4 PPM
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Iy hiave any doubts about the suitability of your water, con-
tact your focal authorized Deka Aepresentative whe can
arrange 1o have a water sample sent o Sast Fenr's lab for
araiysis, for a nominal fees,

Water should anly be acded 1o battenes while the batenes are
o charge and gassing or as 5000 altsr recharge as possble,
This will prevent ovemilling becatss the elacrolyte 2 at its max-
imum level during this fime. To prevent low elecirolvie levels,
frequert checks should be made and water should be added
when necassary,

The slectrolyie level should be maintained bedtween the low
level at the perforated separaior protectsr ana the high level at
e botom of the vent weil oparing of Me cover. The manufas-
furer's spesiic gravity recomimendations always are determined
with the efecirolyte af the high level.

How a walenng schedube is determined depands on the type of
battery, frequency of charge, temperature of the battery, and
age and condition of the battery, Excessive water loss may be
caused by shorted or weakered cells, excessive charging
rates, o the charger nol shuting off autormatically, Cells that
cortinually lase excessive armounts of warar should be checked
for possible internal darmage.

Battery Cleaning Wash Unit

A well maimained battery is a clean battery. Houtine claanings
should be done once a month on the average 1o prevert ray

Figp. V-

eorasion ant halp keep the tattery operating at peak efficien-
oy, Mere frepuent cleamng may be neadec if battenss are
baing operatad in a very dusty or dify environmer.

For general clearing, use a nor-comosive, water-based batiery
cleaner, For user safety and eraronmental regulatory cempli-
ance the battery cleaner should contain no hazarmdous chemical
Ingredients.

The Deka Battery Clearing Sysiem, 15 a state-of-the-art pro-
cess that completely cleans and neutralizes batteries, while
safely processing the wash water to meet EFA and DOT
requirernents. Mo conrtaminarts are discharged into water sup-
pies or the sail; all marerials in the freated wash water are
compiataly encapsulated and removed from the facility. Gontact
your East Pern representative for more detailed information.

MosT batenes have misrcell CONNectrs and WwIminals coversy
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with plastic shrouds. These should be removed prior to battery
cleaning and immersed in the cleaning solution.

MAKE SURE ALL VENT PLUGS ARE TIGHTLY IN PLACE
WHEN CLEANING OR WASBHING BATTERIES. Checi the gas
escape holes in the vent plugs for dirt clegs.

For maximum effectiveness, the solution should be applied with
a clean, non-metallic brush, so it can be worked under the ter-
minals and intercell connectors to remove dirt and neutralize
any excess acid (Fig. IV-4). Use a low pressure hose to rinse
the batiery with water uniil all traces of solution and loose dirt
are removed.

Before placing the cleaned battery back in service, rinse and
attach the intercell connector and terminal shrouds. All excess
rinse water should be removed from the battery top with a low
pressure air hose or allowed to air dry.

Performing a Test Discharge

To determine if a battery can deliver its rated capacity, a test
discharge, or capacily test, can be performed. This test heips
determine the “health” of a battery and whether or not it should
be replaced.

Only experienced battery technicians shouid be allowed to pre-
pare a battery for discharge testing and to conduct the actual
discharge test,

The test is conducted by discharging a fully charged battery at
the six hour rate until the battery voltage drops to a final voltage
of 1.70 volts per cell, times the nurnber of cells in the battery.
The six hour rate in amps is a number equal o the rated capac-
ity at the six hour rate divided by six hours.

By noting the time elapsed between when the battery was put
on discharge and when the final voltage was reached, you can
determine whether the battery is delivering its rated capacity:

1. Give the battery an equalizing charge and adjust the
specific gravity to the manufacturer's specification, with
the electrolyte level at the bottom of the vent well.
Always temperature correct the gravity readings.

2. Gtart the test and record the starting time.

3. Record individual cell voltages and overall battery volt-
ages during the first hour at 10 minutes, 30 minutes and
than 80 minutes. After the first hour, take hourly readings
until the first cell voltage reaches 1.75 volts per cell.
From this point on, record the voltage of the cells every 5
minutes.

4. Carefully monitor the voltage of the low cells and as the
voltage of each cell drops below termination value,
record the time.

5. When the majority of the celis reach termination vaiue,
stop the test. Dont let any cells go into reversal.

8. Use this formula to calculate capacity delivery:

minutes to final voltage
360 minutes x 160

For example, if the test was tarminated after 336 minutes,

the capacity percentage would be 93%

7. After termination of the test, immediately record the spe-
cific gravity of each cell. If all the cells have uniform
specific gravity and the battery delivers 80% or more of
its rated capacity, 288 minutes, it can be returned to ser-
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vice. If the test indicates that less than 80% of the bat-
tery’s rated capacity is being delivered, the battery
should be either repaired or replaced, depending upon
its age and overall condition.

For more detailed information on capacily testing, contact East
Penn Manufacturing Company or your local authorized Deka
Representative.

Correcting a Sulfated Battery

If batteries are not operating full shifts, heat white on charge
and after charge, and if temperature corrected specific gravity
readings are below the manufacturer's specifications, the bat-
taries may be sulfated.

To restore a sulfated battery to good condition, carefully follow
this procedure:
1. Thoroughly clean the battery.

2. Add water to bring the electrolyte to the proper level in all
cells.

3. Charge the battery at the prescribed finishing rate until
the specific gravity shows no change for a three-hour
period with readings taken hourly. Record on-charge
voltage and specific gravity readings. Temperature cor-
rect the specific gravity readings using the chart (Table
3-1} in Section lll. If the temperature rises to above
115°F (46°C) at any time, stop the charger and allow the
battery to cool to 80°F (32°C} or lower, then continue the
charge and monitor the specific gravity as described
above. If the charger is automatic, be sure it is capable
of charging the battery at the prescribed finish rate. A
constant current charger that can maintain the correct
finish rate is preferred. if the batiery is badly suifated, the
specific gravity may only rise 30 to 40 points {0.30 to
0.40} during the first charge.

4, Fully discharge the battery.

5. Repeat step #3 until the specific gravity remains
unchanged for three hours. In extreme cases of sulfation,
two or more discharges and recharges, per the above
instructions, may be necessary to restore the battery to
full capacity. (Percent capacity capable of being restored
is a function of overall battery age and condition). If the
battery hasn't responded, it may be sulfated beyond
repair and should be replaced. If the specific gravity rises
to within ten points of a fully charged battery, then place
the battery back into normal service.

6. Before condemning the battery, one last check should be
made tc make sure the battery has not simply lest acid
by dumping or over-filling. Adjust the specific gravity to
the manufacturer’s specification (see Table 4-1 -
Procedure for Adjusting the Specific Gravity of the
Electrolyte of a Battery).

Conduct a capacity test. if the battery delivers over 80% of
its rated six hour capacity, the battery may be returned to
service. If the capacity on discharge remains low, the battery
shouid be replaced.

HAPORTANT - Only experfenced battery technicians should
peiform the above fechnique.
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Table 4-1

PROCEDURE FOR ADJUSTING THE SPECIFIC GRAVITY
OF THE ELECTROLYTE OF ABATTERY

. When it is necessary o raise or lower the specific gravity
of the electrolvte of a battery to the manufacturer’s rec-
ommended specific gravity, follow the procedure given
below.

. The recommended specific gravity for some of the Deka
industrial battery styles is shown in Table 1. For example,
a 12-D85-13 hattery would have a recommended specific
gravity of 1.280.

TABLEI
Recommended
Battery Style Specific Gravity
or Type at 77°F
D prefix 1.280
H prefix 1.30G0
M prefix 1.250
P prefix 1.325
DLDLU 1.250

. This specific gravity is always determined when the bat-
tery is fully charged, with the elecirolyte level at the
bottom of the vent well tube while the battery is on charge
at the finish rate or less.

. The term “finish rate” refers to a constant charging rate in
amps which is equal to 5% (.05} of the rated six hour
capacity (8 hour for diesels) of the battery. For example,
the finish rate of a D100-13 batltery with a rated & hour
capacity of 600 AH (ampere hours) would be: 600 x .05 =
30 amps.

. The battery should first be given an equalizing charge to
make sure it is fully charged. An “equalizing charge” is an
extended charge at the finish rate after completion of a
regular charge. Usually 3 or 4 hours until four voltage and
specific gravity readings, corrected for temperature, taken
1/2 hour apart, remain constant.

. Since the electrolyte lemperature will affect the on-charge
voltage and specific gravity readings, all readings must
be corrected for temperature to a standard 77°F. Refer to
Section ill, Table 3-1, Specific Gravity Temperature
Corrections.

7. Care should be taken during equalizing charging and acid

8.

adjustment charging to make sure that the electrolyte
temperature does not exceed 115°F.

As it is necessary 1o add acid to the cell in order 1o raise
the specific gravity of the electrolyte, sulfuric acid of 1.400
specific gravity shall be used. It should be remembered
that 1.400 specific gravity sulfuric acid has an acid con-
tent of 50.5% by weight and is potentially a very
dangerous material fo the person using it. All standard
safety precautions should be taken, especially those
which will protect personnel from splashes inte the eyes
and onto the skin. Acid resistant gloves, apron, boots,
face shieid and /or goggles should be standard equip-
ment. Running water from a hose and/or ready access to
an eye-wash fountain is important for safety.

With the battery on charge at a constant finish rate,
remove between a 1/4" to 1/2° of siectiolyte with a
syringe for every 5 points of change reguired. This is only
a rough approximation since the amount of change will
vary with every cell type with a greater change on the
sherter cells and a smaller change on the taller cells.
Replace the electrolyte removed with 1.400 specific
gravity sulfuric acid. Continue to charge the battery after
acid addition until the specific gravity becomes constant,
about 1/2 to 1 hour.

10. Repeat the above procedure urtil the specific gravity of

the electrolyte, corrected for temperature, reaches the
desired value.

11. If the specific gravity must be lowered instead of raised,

water can be used instead of 1.400 specific gravity acid in
the procedure given above.

20




SECTION IV — BATTERY MAINTENANCE AND TROUBLESHOOTING {cont.)

Table 4-2
STORAGE BATTERY TROUBLESHOOCTING CHART

Symploms POSSIBLE CAUSE POSSIBLE REMEDY
Battery overheats 1. Malfunctioning Charging Equipment 1. Replace or repair defective charger parts
during charge {timer, voltage sensitive relay, control board,
eic.)

2. Charging equipment out of adjustment 2. Adjust start and/or finish charging rates

3. Defective or weak cell(s} 3. Replace or repair problem celi(s})

4. Battery worn out and beyond economical 4. Replace battery

repair
5. Migh resistance connection within battery 5. Check for hot wires, cells, intercell connec-

tors, charging piugs, etc. Repair or replace
defective component(s)

8. Low electrolyte level 6. Add water; just cover separator protector
when discharged

7. Battery charged in the vehicle with batiery 7. Open the compartment during charge or
compartment closad or the tray cover charge the battery out of the unit with the
ciosed tray cover opened

8. Baltery over 100 degress F when placed 8. Allow battery to cool below 80 degrees F
on charge before charging

Battery overheats 1. See causes 3 through 8 above 1. See remedies 3 through 8 above
during charge

2. Worn out bearings, brakes dragging, or 2. Repair or replace defective unit problems
other vehicle problem causing high dis-
charge rates 3. a. Require drivers to return battery for

recharge when vehicle begins to slow

3. Overdischarge of battery down.

b. Put more batteries into service

Battery not complet-
ing full work shift

1. Battery not fully charged before placed 1. See that battery has reached full charge
into operation specific gravity before placing into operation
2. Weak, leaking or defective cell(s) in 2. Repair or replace cell(s) or battery
battery

3. Remove grounds or shorts
3. Ground or shorts in the battery

4. Battary worn out and beyond economical 4. Replace battery with equal or higher capacity
repair battery
5. Battery too small for job 5. a. Repiace battery with one having higher
capacity

b. Purchase extra batteries (with higher
capacity if possible} and change them
more frequently

8. Electrical or mechanical problem 6. Troubleshoot vehicle and repair
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SECTION IV — BATTERY MAINTENANCE AND TROUBLESHOOTING (cont.)

Table 4-2 - Cont.

Sympioms

POSSIBLE CAUSE

POSSIBLE REMEDY

Low electrolyte

1.

Cracked or broken Jar(s} {Look for
electrolyte puddles on floor)

1. Replace jar(s} and adjust gravity

2. Cell missed when watered 2. More careful attention when watering
3. Defective or weak cell(s) 3. Repalr or replace cell(s}
4. Frequent overcharge 4. See items 1 and 2 in “Battery Overheats
During Charge”
5. Battery not regularly watered 5. Water battery regularly
Unequal cell 1. Grounds in battery 1. Clean batiery
voltages
2. There is a “tap” off the battery for auxiliary 2. a. Use dropping resistor instead of tap
equipment {radic, light, etc.) b. Equalize battery regularly
3. Battery sluggish due to lack of work 3. Give batiery a deep discharge and
equalizing charge
4. Leaking cell or cover
4. Replace jar or cover and adjust gravity
5. Defective or weak cell(s)
5. Repair or replace defective cell(s)
8. Battery worn out and beyond economical
repair ¢. Replace the batlery
7. Acid loss in few cells by tipping battery 7. Adjust specific gravity

over
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SECTION IV — BATTERY MAINTENANCE AND TROUBLESHOOTING (cont.)

BASIC RULES FOR BATTERY CARE AND MAINTENANGE

RULE1:  BE CAREFUL! ALWAYS WEAR FACE SHIELD OR SAFETY GLASSES WHEN WORKING

ON OR NEAR BATTERIES!

2

DANGER contains: Lead, Sulfuric Acid (Electrolyte), Lead Compounds.

Harraful if swallowed, infaled, or in contact with skin 0btain special instruetions before use. IF O GLOTHING OR SKIN (or hair): Remove/Take

PROPOSITION 65 WARNING: Battery posts, terminals and related
aceessories contain lead and lead compounds, chemicals known
1o the State of Galifornia to cause cancer and repro ductive harm

i Gauses Seere skin bums and eye damans DO fnt fandle urtil all safety precations hare off immediately all contaminated cicthing and wash  Batteries also contain other chericals known to the State of
Tiay darmage ferlilty or he unborm enild f ingssted been read and understaod \NFDIz:TLEESS; Rinse skin wn|h v{ate’:/:huwzrk Galifornia to cause sancer. WASH HANDS AFTER HANDLING.
or inhaled Wiash thoroughly after handiing emare personto fresh air and keep .
. ghily g cormartable for breatfing. Immediately oal a WARNING: Risk of fire, explosion nr_hums Do not disassembla
My cause harm to breast-fed children Do not eat drink or smoke when using this produet. EOISON GENTER o d cor/ghysician or incinerate. Mot recommended for inverted use. Follow product
My cause cancer if ingested or inhaled. #woid contact during pregnancy fwhile nursing, charging instructions. High Yolage: Risk of shock. Do not touch
Gauses sk irritation, serious eve damage. Wear protective glovesiprotective clothing, eve ‘,;"ﬂ“taEgemfs Sﬁﬁi‘a”uﬁ?ﬂ!ﬂ‘s“ ;’gﬁ’gﬂ zif"" uninsulated terminals or connestars.
Contact with internal componerts may cause protection/iace protection easy 1o do. Continue rinsing Keep Vent Caps Tightly in Place
irritation or severe burns Use only outdoors or in awell-ventiated area, If exposed/eoncerned, or i you feel urell seek
Causes damage to central nervous system, bloog Awoid contact with internal acid. medical attertion/advice.
EE and Kidneys through prolonged or repeated Do not breathe dust/fumedgasimistivaporsispray. Store loeKed up, inawelkventilated area, in Manufactured by:
exposure if ingested or irhaled Keep away from heat/sparks/open flames/hot apcordance with local and national regulation East Penn Ma li.ll:l ing G Lead Acid
Irritating to eyes, respiratory systern, and skin surtaces. Mo smoking Dispose of contentsfoontainer in ascordance o anwfacturing to. Batte
May form explosive air‘gas mixture during charging. IF SWALLOWED OR GOMSUMED: rinse mouth. with Incal and national regulation 102 Ilakal\nad, Y
Extremely flarmmable gas (nydrogen) Do HOT induce variting, Call 2 poison center/ K 0ut of reen of children Lyon Station, PA 19536 Electrolyte
Explusive, fire, biast of projsction hazard doctor ifyou teel umwell 6106526361 USA {Sulfuric: Acid)
. J

PROVIDE ADEQUATE VENTILATION WHEN CHARGING

RULE2:  Keep battery tops clean and dry.
RULE3: Check battery electrolyte level weekly.

shortened life.

KEEP ELECTROLYTE LEVEL
BELOW FILLING WELL AS SHOWN

Add approved water to 1/4" below vent well
only at the end of charge. Filling o this level
before charging will cause acid overflow. Acid
attacks external battery parts. Any acid loss
from the battery will result in power loss and

RULE 4: Make sure charger is OFF before connecting or disconnecting the battery to prevent dangerous

sparks.
RULE 5 Use proper size charger and follow charger instructions carefully.
RULE 6: Recharge FULLY after each duly cycle. Avoid partial recharging.

RULET: Remove vent caps only when checking or filling. KEEP CAPS ON when batlery is in use, on charge

and when cleaning battery top.

RULE 8: Batteries with steel covers should be recharged with covers in the open position.

RULE 9 Be careful.. first and last.

Fig. Iv-1
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SECTION V - VALVE REGULATED LEAD-ACID BATTERIES

Fio W3

In the lead-acid battery, according to basic electrochamical
principals, somplete sealing cannct be accomplished because
fhe generanan of hydrogen cannot be completely avoiced. The
valve has fo open pericdically io let small amounis of gas,
mainly Fydrogen, escape from the call, Ciberwise, the Imemal
pressure would exceed tolerable limits. Cradual water loss is
cornested with this gas svoludion, ard this water loss causes
slight ehanges in the cell parameters during service lifa. But the
rate of water loss can be kept so low that the inmal amount of
afectrolyte 15 sufficeert for a serice Ife of five yaars or morne,

Vahse-ragulated lead-aciad bafrenes can be construsted using
delled slecirolyte as well as absorbent glass mat separators
{AGRY Which immaobllizing methed |5 used, oftern depends
upon the applization and manufactorer. For deapy cvele applica-
fions such as motive power, gelled slecirolyts is more switable.
The geled slectrolyte requires a separator to prevent short-cir-
cuits between the electrodes, This additional separator causes
addinonal resistance, Therefore, the intemal resistance of com-
parable battenes is slightly higher with gelled electroiyie, thus
such patteres are not as suitabie 0 exirems high Iead current
wath short duration recuirements such as UPS applications.

Operation of a Gel Cell

During the overcharge pariod of the racharge, ooygen is ganar-
ated from the positve plates in all lead-acid batteries. This
ey gen is trapped in the gel cell by a special vert valve forcing
the ocoygen to the negative plate through finy fesures or cracks
in the gellea electrolyie. YWhen the oxygen coniacts the nega-
five active mass (spongs lead), it oadizes the negative active
mass to lead made. The lead owde reacts with the sulfune ace!
o form lead sufate and water. A the same tme, dukng the
chargirg process, this lead sulfate is corverted back to sponge
lead and suifurc Acid. THS “recombination™ process preverts
water loss.

24

Thi wart valve is criical to the performance of the gel cell, The
cell rust malntain & positve irternal pressure. Ctherwise, the
oyrien will escape, and the cell wall dry out and not perform,

In addition the vake must safely release any excess pressure
that may be produced during owercharging, or else the cell
Wl be ireparabdy damages.

It's important 1o note that a gel cell musirever be opened oroe it
lzaves the factory. Dpering the cell will allow excess atmospher-
It oxygen to emter the call and discharge the pegative piates.
This will cause an imbalance mat will desroy he recombinaficn
chamistry. This imbakance of chemistry will permaneniy cam-
age the cell bayond repar,

Charging a Gel Cell

While our gel cell will accept a charge extremely well due to s
irtemal rasistance, batiery will be damaged by confinual
under-of cvercharging, Capacily s reduced and fife |15 short-
enad,

Abusive overcharging s especially harmiul to gel cells becauze
of their sealed design. Abusive overcharging dnes out the elec-
frolyte by cimving the moygen and Pydrogen aul of the batteny
mrough the sealing vents. Performance and life ang resuced.

If & battary is continually uncercharged, a power-robbing layer
of sulfate cam build up on the positive plate, which acts as a
barrer o electran flow. Fremature plate shedding can also
ooour. Performance is reduced and life is shoraned

Therafore, 1t i5 chifzal 1o wse a charger that imits voltage to
2.E5 volts per cell at 77°F = 2° ai the end of charge. If the
charger can reaucs the voltage as the temperature rises, or
increase the voltage as fie temperature decreases. this will
heip to prevent under-or overchargng. The warranty s void if
improperly charged. The supplied on board charger for
Gelmate, or the Uira Charger with the 0.5.G5, Sealed Lead-
Azid Battery charge curve profile, of amy other EPM-approved
matve powar gel cell charger must be ufilized to recharge gel
cell batteries. Constant current charges or Terrcescnant
charges should MEVER be used on gel cell batteries, {See Fig.
-2}

Littra Charge Deks Dominator Battery Curve
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SECTION V -~ VALVE REGULATED LEAD-ACID BATTERIES (cont.)

OPERATING INSTRUCTIONS

SEALED VALVE REGULATED LEAD ACID (SVYRLA)
GELLED ELECTROLYTE BATTERIES

WARNING: Charging shall be performed by using only the suppiied on-board charger for
Gelmate, or the Ulira Charge Charger with the D.S.G. Sealed Lead-Acid Baltery
charge curve profile, or any other EPM-approved motive power gel elecirofyte
charger.

The valve-regulated vent should not be removed. Removal of the vent will
adversely affect the batlery’s life and performance.

The batlery’s warranly wili be void if these guidelines are not followed.

1. Upon raceipt of the hattery, if there are signs of rough handling, or exposed electrolyte, or [oose
or missing vent(s), file a claim with the carrier and advise your kast Penn representative.

2. Check the nameplate of your charger against the nameplate of the battery to make sure they both
ghow the same voltage and that the six-hour ampere hour capacity of the battery falls within the
recharge range of the chargar.

3. The “Battery Type Identification” shown on the battery (E, £0), should match the “Battery Type
Identitication” specified on the truck nameplate.

4. Make sure that the battery “SERVICE WEIGHT,” which is stamped below the lifting hole in the
steel tray, falls within the battery weight range shown on the truck nameplate. East Penn
Manufacturing Co., Inc. cannot be responsible for determining that the battery weightis
sufficient to counterbalance your particular truck.

5. The battery should receive an equalizing charge prior to placing the hattery into service. The
battery shall be charged by using the supplied charger. The equalizing charge is complete when
the charger automatically terminates. No other charger should be used unless approved by East
Penn. Doing so will void the warranty. If the voltage falls below 2.14 volts or at a minimum of
every 6 weeks the battery should receive a freshening change.

6. The battery shall be placed on charge at the end of the work shift and the charge should continue
until the chargar terminates the charge automatically. All vents should be unobstructed and
securely tightened. The steel tray cover or the truck compartment should be kept open during the
entire duration of charge.

7. Overcharging and undercharging a sealed gel electrolyte battery will greatly affect the life of the
battery.

8. Measuring the open circuit voltage provides a way to determine the state of charge of the battery.
The opan circuit voltage shall be taken with a voltmeter, Voltage measurements should be taken
no earlier than 4 hours on open circuit following a charge,

STATE OF CHARGE VS. OPEN CIRCUIT

% Charge Open Circuit Voltage
00 e 2.15-2.18
75 ettt 212
BO et eree e e 2.07
25 e 2.01
O oo 1.97

9. EPM recommends when lifting a battery that an insulated lifting beam be used. Also, make
certain that the lifting hooks are the correct size and are properly aligned with the holes in the
lifting ears of the tray prior to hoisting a hattery.

25



SECTION V - VALVE REGULATED LEAD-ACID BATTERIES (cont.)

MAINTENANCE INSTRUCTIONS

SEALED VALVE REGULATED LEAD ACID (SVRLA}
GELLED ELECTROLYTE BATTERIES

WARNING: Always wear safely glasses when working around batleries!

4.

[$7)

Keep sparks and flames away! The valve regulated pressure
relief valve should never be removed or foposened!

. The top of the battery should be kept clean and dry at all times. Simply clean the

top of the battery with a damp cloth. The valve requiated vent and shroud shall
remain on the battery af all times.

. The cables and connectors should be inspected monthly for exposed copper

wires, frayad or cracked insulation, loose connections, or pitted contacts, and
repaired as required.

. Be especially careful to keep metallic objects off the top of the battery. Any metal

touching two or more connectors may cause a short circuit resulting in an arc or
spark which ignite batfery gasses expiosively.

The output rate and voltage of the charger should be checked periodically. Make
certain that the DG voltage and ampere hour range of the charger match the
nameplate information on the battery.

. Depending on the type of service, it will be necessary to give the battery an equal-

izing charge every one to four weeks. Set the charger to the equalize position.

Type Plates per Cell 5 7 9 11 13 15 17 19 2 23 2% 27 ¥ 33
G45 G Hr. A H. Rating — — 180 225 270 315 360 406 @ — — — — — — —
G75 GHr A H Rating 180 226 300 375 450 526 600 675 750 826 900 475 1050 1125 1200
G105 S Hr A H. Rating — — — 525 630 73 B840 — — — — — — — —
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SECTION VI — BATTERY REPAIR

Repair or Replace?

[t can be dificult to decide If a battery I1s worth repaimng or it
should bs replaced. When you have 16 make his decision, the
mast important things to consider are the battery's age, cycle
Iife and senace history.

H the battery 15 only 1 or 2 years old (300 - 600 oyclesy, f it
Rasnt bear sevarel overcharged or averdischarged, and § the
astimated repair costs don't excead 25% of the mplacament
cost, then it should probaily be repaires,

O the othar hand. if & baftery has bean on tha job 3 or mora
weiars {900 or mora cycles) or has extersive damaga, raquiring
repairs totalling 2573 or more of the replacement cost, it should
probably be replaced.

CAUTION: ONLY EXPERIENCED PERSONNEL 5HOULD
ATTEMPT BATTERY REPAIRS!

[ you don't have an expenences batery repair person, send
ihe battery 1o your nearest authorized East Penn battery repar
faclity or ararge to have an East Penn serice technician per-
formn the repars at your plant site. BEFORE PERFOAMNG
ANY AEPAIRS, AEMDWE THE BATTERY FROM THE LIFT
TRUGCK. ALWAYE WEAR SAFETY GLASSES AND A FACE
SHIELD WHEN WIRKING ON R NEAR BATTERIES

Gas Purging

Bedore beginting celijar replacernant, ramove the vert caps
from the damages cell and all surrounding cells and give
frapped gas ftme o dissipate, Flush any remaining exdplosive
gases out of the cell by farring the vent wall operng with a soff
piece of plasticor carcboard. Da not use comprassed air as the
force of the air stream may splash slectrolvte out of the cell ang
into the fase or eyves {Fig. VI-1),

Fig. V-t

After all tha gas has been removad, cover he vent holas or ta
SVLRA valvafvant with a damp cloth and continue with the

repairs

Removing Connectors

To remove a complete cell {jar, element and cover) from a bat-
tery or to remove an elermert from a jar, youl first have o take
off the intercell connector shrouds from the cellis) being
remowved, Then remove the intercell conneciors, conneciing
those cells to the rest of the battery, with a drill. Use a special
East Penn post saver dnill, which will drill through the conpector
bt leave the center of thie post in place (Fig V2L

Fig, W2

Be careful that lead cuds from the drilling don't cause shor oir-
cums or arop o reghhonng celis. Afer drilling is compietes,
lift comrecior off with & pair of plisrs,

Removing a Gell

The wast majonty of batteres being manufactirad teday iIneose-
potate @ heat honded cover-to-jar seal The cover and jar
material is polpropyiens, This design s easily disnguishable
because the vent well ip s almost flush with the top of the
sover

A taw manufacturers continue to vse the older compound
cover-io-jar seal. The cover is a hard rubber matenal and can
be idennfied by the very high vent well ip, The cover sets down
insice of the jar and the seal is madea with a hot asphalt maten.
al.

If the bathery being repared has the older cover-to-jar asphalt
seal, proceed as follows . After all conrectors have been
removed from the cell, separate the cell from the Tay and from
the surrounding cells by cutting through the sealing compoong
with & warmn puthy knife or sirmdar ool (R W25 Work the ool
down to the coverfjar seal. When all sealing compound has
been removed arcund the e, attach past lifters to he nagative
posts and use a block and tackle or a Iifting beam to 1§ the cell
from the battery (Fig, VI-4), Never I a cell or an alernent by the
posifive posts. Alays usae the negative posts.



SECTION VI — BATTERY REPAIR (caont.)

Fin via

Onze the cell has bean removed, inspect the jar for leakage
and replace it if necessary. Be sure 1o ciean the fray bottom
and =ide area beftre replacing the cell. Neutralize any aod or
cormosion (see Mautralizing Acid and Elecirolyte — Section 1)
and scrape off any residue.

Eic Vi

If removing a heat bonded cover-to-jar designed cell, 115 Impor-
tant to note thal some manufacturers add a compound pour
petwesh calis ard the fray edoe, in asdition to the heat bondes
conferdo-jar faature, I the battery being repairad has the com-
pound pour. proceed as explained in this section for the
COMPOUNG coverto-jar seal design. i me heat noanded cellis in
a battery without the azdifional campound pour, simply proceec
o remove tha cell a5 instructed 0 this section without having to
remave the compaund seal.

28

Reinoving an Element

|t the jar 15 krown 1o be serviceable, it may not be recessary to
remmove the complete cell, Usualy only the slement, complete
with cover, has to be pulled. This can only be core however, on
those batteries contaming a compound iype cover-io-lar seal.
On these, after removing intercell conneciors, drawe a warm
rufty knife through the sealing compouns close 10 the insice jar
wall. Use the post Ifters and hoist to raise the slement with
cover in place, first 1o drain postion, and than up and oot of the
|ar,

When pulling an elemant from a call which has been removed
from a battery, use jar hald-down clamps.

The most comiman fype of cover-to-jar seal 15 a heat bonded or
saal dasign. Thi bottom perimeter surface of the cover and top
perimeter surface of the |ar are simultanecusly melied, then
fused together by a heat sealing machine. With this design, if
an internal cell defect ooours, the compiete oell must be pulles
and covertosjar seal ot or sawed o permit removal of the ele-

Fig VES

ment {Fig. VI-5). if care is taken in cutfing the cover-to-jar saal,
hese componerts can be used again when reassembling e
cell, CHhergise both a new cover and jar may be nesdad 1o
compate the reassambly



SECTION VI — BATTERY REPAIR (cont.}

Fig. Vi-6

Wihen remaving an sbermsnt, If i halfway out of the jar and hold
it at thiz posmicn ol mast of the electrolyte has drained off
{Fig. WiG). Then raise the slemeant to clear the o of the jar. Do
not, unless abschrely necessary, expose an elament to air
fanger than five minutes, Cha'gen in the air combines with the
active matenal in the negative plates causing them o oxidize
and heat, If the sxposure persists, negafives will discharge.
Wihile the alerment is out of the jar, check the sedimant charmber
i e bottom of the jar, 1Fitis fll of seaiment matenal, the cell
will probably bave to be replased, i1 not now, in the near fulure.

Flate and separator edges may be inspected while the elernent
i5 susperided above he jar, & more thorough inspection of sep-
arators, piate insulation, grids, and active matarials may be
indicated. If so, lay the eement on its side on a clean non-
metallic surace, The plates shoukd be at nght angles to the
fabie surface so the element can be fannsa slighily to permit
The removal of separators if reguired (Fig. V7).

Fig, Vi-7

Wihen reinstalling separaties, make cerain tat the flat sioe of
fhe separatcs s agaimst the negative plate and the nbbed side
i5 facing the positive, They shiould be pushed up untl ey are
fiush with the hottom of #e elemant and ey should project
egually on each side of the plates.

Before installing an elemant in a previously used jar, wash out
any sediment which may have accumulated in the tottom of the
jar ang claan all sompound fram arcund the inside of the top
edge {if the battery has a compound seal).

Clamp the slement, i necessary, when reinstaling it in the jar.
Make cartain the slsment is enterng the jar properly and that
the plates are at Aght angles 1o the plate rest support fibs in the
botiom. When installing an element with @ hard rubber, com-
Pound seakes cover attachien, use a putty keife o guide the lip
of the cover pest the top edges of the jar

Reassembling the Battery

It the cell being reassembled, has a heat seal cover-to-jar
design, and f care was taken cuting the seal when remaving
the alernent, the cover and |ar can probably be heat sealed
agan, f rot, & e cover and jar will be nesded, Be sure to
rainstall the cover with the positive post(s) profruding through
the cover post hokes marked positive {+). If the cell gesign
incorporates floating positive post seals, push them down finmly
over the positive posts unil they seat flush on top of the cover
after sealing the cover t0 the far, Some designs have |eac
inserts or bushings aleady molded into both the negative and
posdive cover post hales, In both cases, these floating post
s@als anddor lead cover bushings are welded or burmed o the
terminal posts to prevent elecirohie leakage around the posis
using a post burring ring (Fig. VI-8). Sefore using an open
flarme 10 weld the posts ana cover bushings, vou must once
again afiminate amy gas from the repaired cell and all surround-
ing cells. {Sea Gas Purging in this section.}

Fig. Vi-&

Since special technigues must be uses when resealing 1he
cover 1o jar, East Penn recommends that these covar-to-jar
seals not be repairec in the field. Instead, such repairs should
be made in authonzed Sast Penn service stahons only,

If e cedl being reassembled has the sealing compound, cover.
to-jar seal, an asphalt type compowund is applied to seal the
covder to the jar. These covers will have lead bushings moided
inte both the postive ana negatrve posts. Be sure to remstall
the cover with the posiive pasts) profruding through the cover
post holes marked positive {+). These cover bushirgs ane weld-
Bd 0r purnes to the terminal posts to prevent slactrolyte
leakage arcung he posts, Wsing a post DUMInG nng.



SECTION VI — BATTERY REPAIR (caont.)

Calls fram which elements wers pulles, or which had damages
jars or covers replaced, should be given an equalizirg charge
and acie should be adjusted immadiately following repair ans
bafore they are refurned to service.

When instaling repaired cells or new cells back into the batiery,
use post hitars, attached to the negative posts, and a block arg
tackle or Ifting beam to iower the call into the tray (Fig. V-8
Be sure the polanty is comect when you reassemble the battery
-cell terminals should be ratched postive (+) 10 negative (=)
and negative (-} to positive (+) with connecting cells.

Fio e

Using Sealing Compound

If the battery being reassembled, uses a sealing compound
poured between cells and the tray, follow these insfructions., H
e battery does not use a sealing compound, please disregars
thess insructions.

The special asphaltic sealing compound neaded to perform
ness repairs can be purchased from your authonzed East Papn

Az,

WARNING: MELTED SEALING CCAAPOUND 15 EXTREMELY
HOT -TAKE FROPER SAFETY PRECAUTIONS
AND WEAR EYE PROTECTION, GLOVES AND
LONG-SLEEVED CLOTHING. WHEN MELTING
COMPLUND, DONT PURNCTURE THE TOF FILW
OF UNMELTED COMPOUND BECAUSE PHES-
SUHE MIGHT CAUSE SOME OF THE MELTED
CONPOUND BELOW IT TO SQUIRT OUT.

The compound shauld be about 350°F when poured, IF the
compound beging 1o smoke while i 15 melted, it iz probaby
baing overtieated.

When the compaound s completens mealted, peur i it the chan-
ned around the new cedl or arcund all cefls and ray perimeter f
anfire batery is being resealed. While the compouns 1S still fair-
Iy waarrn and soft, use & yellow flame to Peat it 50 hat it attacheas
to all cell covers ang fray sdges, crealing & complete seal (Fig.
¥I-10). Be caraful not 1o burn the plastc jar and cover or Tay
fimish, Now apphy ancther layer of compound and fame it unbl
it surface 15 smodth and the channeal 5 well seales,

Fig, V1D

Attaching Interceil Connectors

Lge & wire brush fo dlean the posts and the correstars that will
be reattachad to the calis. Have the vant caps in place during
wire brushing = oo not adlow tead parficles or eces of he wire
orush to fall ivto the cells. Clean all fead chips and wire pieces
from the battery top before proceeding, Install the connectors
and then use a cannector button mald and a toreh to met e
connectors 1o the posts (Rg. YiI-11). Again, take the necessary
precaution to remove frappen explosve geses before using an
open flame on top of the battery. (See Gas Purging mis see-
nor.)

Fig V17

Replacing Acid
and Charging

When replacing electrolyte inoa repaired call, use only sulfurlc
acid that has the same spacific gravty as e acie in the magon-
1y af the ather cells. Fill the cell io 14" below the vart weall ang
hen replace the vent cap Put the Battery on an equalizing
charge, make arother check of the spacdic gravity and slec-
frolyte level in edch cell, and then return the battery to sendca.



SECTION VIl — SAFETY DATA SHEETS

SAFETY DATA SHEET

> EASHNN LEAD ACID BATTERY WET,

FILLED WITH ACID

| SECTION1: PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME: Lead Acid Batlery Wet, Filled With Acid
OTHER PRODUCT Electric Storage Battery, UN2794
NAMES:
MANUFACTURER: East Penn Manufacturing Company
ADDRESS: Deka Road

Lyon Station, PA 195368 USA
EMERGENCY TELEPHONE NUMBERS: US/CH. CHEMTREC 1-800-424-9200

Cutside US/CN: CHEMTREC 1-703-527-3887

NON-EMERGENCY HEALTH/SAFETY INFORMATION: 610-6582-6351
CHEMICAL FAMILY: This product is a wel lead acid storage bettery. May also include gelfabsorbed electrolye

lead acid batiery types.

PRODUCT USE: Industrial lCommercial electrical storage batteries.

LSECTION 2: HAZARDS IDENTIFICATION

GHS Classification:

Health Environmental Physical
Acute Tovicity — Category 4 Aquatic Chronic —1 Explesive Chemical, Division 1.3
Skin Comrosion — Category 14 Aguatic Acute -1

Eye Damage - Calegory 1
Reproductive - Categary 1A
Carcinogenicity (lead)— Category 1B
Carcinogenicity (arsenic)— Category 1A
Carcinogenicily(acid misti-Category 14
Specific Target Oraan Toxicity
(repeated exposure] —Category 2

GHS Label

OO®

Signal Word: DANGER !

3



SECTION VIl — SAFETY DATA SHEETS (cont.)

SAFETY DATA SHEET
> [A SIHNN LEAD ACID BATTERY WET,
FILLED WITH ACID
Hazard Statements Precautionary Statements
Health Brevention

Harmful if swallowed, inhaled. or in contact with skin.
Causes severe skin burns and eye damage

Causes serious eye damage

May damage fertility or the unborn child if ingested or
inhaled.

May cause cancer if ingested or Inhaled

Causes damage to central nervous system. biood and
kidneys through prolonged or repeated exposure |f
Ingested o Inhaled.

May cause harm to breast-fed children.

Environmental
Very tokic to squatic life with long lasting effects.

Bhysical

May form explosive airigas mixture during charging.
Extremely flammable gas (hydrogen)

Explosive; fire, blast or projection hazard,

Obtain special instructions before use.

Do not handle until all safety precautions have been read
and understood.

Wash thoroughly after handiing.

Do not eat, drink or smoke when using this product,
Wear protective gloves/protective clothing, eye protectionface
protection,

Avoid breathing dust/fume/gas/mist/vaporsispray.

Use only outdoors or in & well-ventilated area

Causes skin irritation, sericus eye damage.

Contact with Intérnal componeénts may cause irritation or
severe bums

Avold contact with internal acid

Irritating to eyes, respiratory system, and skin.

Avoid contact dunng pregnancyfwhie nursing,

Response

IF SWALLOWED OR CONSUMED rinse mouth, Do NOT
induce vomiting.

Call a poison center/doctor if you feel unwell

IF ON CLOTHING OR SKIN {or hairj. Remove/Take off
immediately all contaminated clething and wash it before
reuse. Rinse skin with water/shower.

IF INHALED: Remove person to fresh air ana keep
comfortable for breathing

Immediately call a POISON CENTER or doctor/physician,

IF INEYES: Rinse cautiously with water for several minutes.
Remove contact lenses, If present and easy lo do, Conlinue
rinsing.

If exposed/concerned, or if you feel unwell seek medical
gttention/advice,

Storage and Disposal

Store locked up, in a well-ventilated area. In accordance with
local and national regulation.

Avoid release lo the environment

Collect spilage.

Dispose of contents/container in accordance with local/
regional/naticnalintemational regulations,

Keep away from heat/sparks/open flames/hot surfaces.

No smoking.

Use only outdoors or In well ventilated area

Keep out of reach of children

EMERGENCY OVERVIEW,

May form expicsive air/gas mixture during charging. Contact with intemal components

may cause imitation or severe bums Iritating to eyes, respiratory system, and skin
Prolonged Inhalation or ingestion may result in serious damage to heaith. Pregnant
women exposed to internal compenents may expenence reproductive/developmental

effects

Additional Inf 3
No health effects are expected reiated to normal use of this preduct as sold.

| SECTION 3: COMPOSITION/INFORMATION ON INGREDIENTS

1
Lead and Lead Compounds, Inorganic
Electrolyte (Sulfuric acid and water)
Antimony

7438-92-1 43-70 (average, 65) 231-100-4
7654-93-9 20-44 (average; 25) 231-6839-5
7440-36-0 0-4 (average: <1) 231-146-5

32
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Polypropyiene 5003-07-0 510 {average 8) NA
NA - Not applicable/ND ~ Not determined

Additicnal Informatien

These ingredients reflect components of the finished product related to performance of the preduct as distributed into
commerce. Inorganic lead, lead compounds and electrolyte (sulfuric acid) are the primary components. Other metals tie. Sn,
Cu, As) may be present at concentrations below the applicable reporting threshold

| SECTION 4: FIRST AID MEASURES

EYE CONTACT: Sulfuric Acid and Lead: Flush eyes immediately with large amounts of water for at ieast 15 minutes
while lifting lids. Seek iImmediste medical attention if eyes have been exposed directly to acid.

SKIN CONTACT; Sulfuric Acid: Flush affected area(s) with large amounts of water using deluge emergency shower, if
available, shower for at least 15 minutes. Remove contaminated clothing, including shoes . If
symptoms persist, seek medical altention. Wash contaminated clothing before reuse. Discard
contaminated shoes.

Lead: Wash immediately with scap and water.
INGESTION: Sulfuric Acid: Give large amounts of water. Do NOT induce vomiting or aspiration into the lungs
may occur and can cause permanent injury or death; consult physician.
INHALATION: Sulfuric Acid: Remove to fresh air immediately. If not breathing, give artificial respiration If
breathing is difficult, give oxygen. Consult a physician.
Lead. Remove from exposure, gargle, wash nose and lips, consull physician,

| SECTION 5: FIRE-FIGHTING MEASURES

FLASH POINT: Net Applicable.

FLAMMABLE LIMITS: LEL= 4 1% (Hydregen Gas in air); UEL=74.2%

EXTINGUISHING MEDIA: CO, ; fosm; dry chemical. Do not use carbon dioxide directly on cells. Avoid breathing vapers.
Use appropriate media for surrounding fire

FIRE-FIGHTING PROCEDURES: Use positive pressure. seli-contained breathing epparatus. Beware of acid splatter during
water application and wear acid-resistant clething, gloves, face and eye protection. If batteries are on charge, shut off power
to the charging equipment, but note that strings of series connected batteries may still pose risk of electric shock even when

charging equipment is shut down.

HAZARDOUS COMBUSTION PRODUCTS: Highly flammabie hydrogen gas is generated during charging and operation of
batteries. Ifignited by burning cigarette, naked flame or spark, may cause battery explosion with dispersion of casing
fragments and corrosive liquid electrolyte. Carefully follow manufacturer's instructions for installation and service. Keep away
all sources of gas ignition and do not allow metallic articles to simultaneously contact the negative and positive terminals of a
battery,

Additional Information
Fire-fighting water runoff and dilution water may be toxic and corrosive and may cause adverse environmental impacts,

| SECTION 6: ACCIDENTAL RELEASE MEASURES

Stop flow of material, contsin/absorb small spills with dry sand, earth, and vermiculite. Do not use combustible materials. If
possibie, carefully neutralize spliled electrolyte with soda ash, sodium bicarbonate, lime etc, Wear acid-resistant clothing,
boots, gloeves, and face shield. Do not atiow discharge of un-neutralized acid to sewer. Acid must be managed in accordance
with approved local, stale, and federal requirements. Consult state environmental agency andfor federal EPA.

Additional Information
Lead acid batteries are recyclable. Contact your East Penn representative for recycling information.

| SECTION 7: HANDLING AND STORAGE

Handling: Unless involved in recycling operations, do not breach the casing or empty the contents of the battery. Handle
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SAFETY DATA SHEET
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carefully and avoid tipping. which may allow electrolyte leakage There may be increasing risk of electric shock from strings
of connected batteries Keep containers tightly closed when not in use. I battery case is broken, avoid contact with intemal
components. Keep vent caps on and cover leminals to prevent sher circuits. Place cardboard bebween layers of stacked
automolive batteries to avoid damage and short circuits. Keep away from combustible materials, organic chemicals, reducing
substences, metals, strong owidizers and water. Use banding or stretch wrap to secure items for shipping.

Staorage: Store balteries under roof in codl, dry, well-ventiiated areas separated from incompatitle materials and from
activities that mey creale flames, spark or heat. Store on smooth, impendous surfaces provided with measures for liquid
containment in the event of electrohvie spills. Keep awsay from metallic objects that could bridge the terminals on a battery
and create 8 dangerous short-circuit,

Charging: There is a possible risk of elecinc shock from charging equipment and from strings of series connected batteries,
whether or not being charged  Shut-off power to chargers whenever not in use and before detachment of any circuit
connections, Balteries being charged will generate and release flammable hydrogen gas. Charging space should be
ventilated, Keep battery venl caps in position, Prohiibit smoking and aveid crestion of iames and sparks nearby, Wear face
and eye protecticn when near batteries being charged

[ SECTIOM 8: EXPOSURE CONTROLSIPERSCNAL PROTECTICN

Exposure Limits 1mgfm’:u

Ingredients OSHA PEL ACGIH UsS NIOSH Quebec PEV Ontario OEL EU OEL
Lead, 0.05 0.05 0.05 0.05 0.05 0.15 (b}
inorganic

Antimony 0.5 0.5 0.5 0.5 0.5 0.5 (b,d)
Tin 2 2 2

Copper 1 1 1 1 1(a) oA ()

Arsenic 0.0 0.04 0.04

Sulfuric Acid 1 0.2 1 1 0.2 0.05 ic)
Polypropylene | M.E N.E. N.E, MN.E N.E. N.E.

{a) As dusts/misis (b} Asinhalable aerosol (c) Thoracic fraction (d) Based on OEL"s of Austria, Belgium,
Denmark, France, Metherlands, Switzerland, & UK. {g) Based on OEL of Netherlands

ENGINEERING CONTROLS/SYSTEM DESIGN INFORMATION:

Store and handle in well-ventilated area. If mechanical venlilation is used, components must be acid-resistant . Handle
batteries cautiously, donot fip to avold spills. Make certain vent caps are on securely. If baftery case is damaged, avold
bodily contact with internal components, Wear protective clothing, eye and face protaction, when filling, charging, or handling
balteries. Do net allow melallic materials to simullaneously contact both the positive and negative lerminals of the balteries.
Charge batleries in areas with adequate ventilation, General dilution ventilation is scceptable.

RESPIRATORY PROTECTION (NIOSH/MSHA approved):
Mone required under nommal conditions. When concentrations of sulfuric acid mist are known to exceed PEL, use NIOSH or
MSHA-ap proved respiratory protection.

EYE PROTECTION:
If battery case is damaged, use chemical gogales or face shield,

SKIN PROTECTION:
If battery case is damaged, use rubber or plastic acid-resistant gloves with elbow-length gauntlel, acid-resistant apron,
clothing and boots.

OTHER PROTECTION: In areas where water and sulfuric acid solutions are handled in concentrations greater tham 1%,
emargency eyewash stations and showers shauld be provided | with unlimited water supply. Chemically Impervious apron
and face shield recommended when adding water or electrolyie to batteries.

Wash Hands after handling.
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* Batteries are housed in polypropylene cases which are reg:lated as total dust or respirable dust only when they are
ground up during recycling. The OSHA PEL for dust is 15 mg/m’ as total dust or § mg/m’” as respirable dust.
o May be required to meet Domestic Requirements for a Specific Destination(s).

| SECTION 9: PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE: Industnal/commercial lead acid baltery

ODOR: Odorless

ODOR THRESHOLD: Manufactured article: no apparent odor. Electrolyte is a clear liquid with a sharp.
penetrating, pungent odor

PHYSICAL STATE: Sulfuric Acid: Liquid; Lead: solid

pH: ~1to2

BOILING POINT: 203-240° F (as sulfuric acid)

MELTING POINT: NA

FREEZING POINT; NA

VAPOR PRESSURE: 10 mmHg

VAPOR DENSITY (AIR=1): =1

SPECIFIC GRAVITY (H:O =1): 1.215-1.350

EVAPORATION RATE (n-BuAc=1): <1

SOLUBILITY IN WATER: 100% {as sulfuric acid)

FLASH POINT: Below room temperature (as hydrogen gas)

AUTO-IGNITION TEMPERATURE: NA

LOWER EXPLOSIVE LIMIT (LEL): 4% (as hydrogen gas)
UPPER EXPLOSIVE LIMIT (VEL): T4% (as hydrogen gas)
PARTITION COEFFICIENT: NA

VISCOSITY {poise @ 25° C): Not Available
DECOMPOSITION TEMPERATURE: Not Available

| SECTION 10: STABILITY AND REACTIVITY

STABILITY: This product is stable under normal conditions at ambient temperature

INCOMPATIBILITY (MATERIAL TO AVOID): Electrolyte: Contact with combustibles and organic materials may cause
fire and explosion. Also reacts violently with strong reducing agents,
metals, sulfur trioxide gas, strong oxidizers, and water. Contact with
metals may produce toxic sulfur dioxide fumes and may release
fiammable hydrogen gss
Lead compounds: Avoid contact with strong acids, bases, halides,
halogenates, potassium nitrate. permanganate, peroxides. nascent
hydregen, and reducing agents.

Arsenic compounds: strong oxidizers: bromine 2zide. NOTE: hydrogen

gas can react with inorganic arsenic to form the highly toxic gas-arsine
HAZARDOUS DECOMPOSITION BY- Electrolyte: Sulfur trioxide, carbon monoxide, sulfuric acid mist. sulfur
PRODUCTS: dioxide, hydrogen sulfide.

Lead compounds: Temperatures above the melting point are likely to
produce toxic metal fume, vapor, or dust, contact with strong acid or
base or prescence of nascent hydrogen may generate highly toxic arsine

gas,
HAZARDOUS POLYMERIZATION: Will not occur
CONDITIONS TO AVOID: Prolonged overcharge at high current; sources of ignition.

| SECTION 11: TOXICOLOGICAL INFORMATION

ACUTE TOXICITY (Test Results Basis and Comments):
Inhalation LDy .
Electrovte: LCs; rat 375 ma/m™ ; LCs: guinea pig: 510 mg/m’
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Elemental Lead: Acute Toxicity Point Estimate =4500 ppm V (based on lead bullion)
Elemental Arsenic: No data

Orai LDsn.

Electraiyte: rat 2146 mgkg

Elemental Lead. Acute Toxicity Estimate (ATE) = 500mg/kg body weight (based on lead bullion)
Elemental Arsenic: LDy mouse: 145 makg

Elemental Antimeny: LDsj rat: 100 mgkg

Routes of Entry: Sulfuric Acid: Harmful by all routes of entry. Lead Compeunds: Hazardous exposure can occur only when
product is heated, oxidized or otherwise processed or damaged to creaie dust, vapor or fume, The prescence of nascent
hydrogen may generate highly toxic arsine gas

Inhalation: Sulfuric Acid: Breathing of sulfuric acid vapors or mists may cause severe respiratory irritation.
Lead Compounds Inhalation of lead dust or fumes may cause irfitation of upper respiratory tract and lungs

Ingestion: Sulfuric Acid; May cause severe irntation of mouth, throat, esophagus and stomach. Lead Compounds: Acute
ingestion may cause abdominal pain, nausea, vomiting, diarhes and severe cramping  This may lead rapidly to systemic
toxicity and must be treated by a physician.

Skin Contact: Sulfuric Acid : Severe irritation. burns and ulceration. Lead Compounds: Not absorbed through the skin,
Arsenic Compounds: Contact may cause dermatitis and skin hyperpigmentation

Eye Contact: Sulfuric Acid' Severe imtation, bums, cornea damage, and blindness
Lead Compounds May cause eye irritation.

Effects of Overexposure Acute: Sulfuric Acid : Severe skin imitation, damage to comea, upper respiratery Irritation. Lead
Compounds: Symptoms of toxicity include headache, fatigue. abdominal pain, loss of appetite, muscular aches and
weakness, sleep disturbances and irrtability.

Effects of Overexposure — Chronlc. Sulfuric Acid - Possible erosion of tocth enamel, inflammation of nose, throat &
bronchial tubes. Lead Compounds: Anemia; neuropathy, particularly of the motor nerves. with wrist drop, kidney damage;
reproductive changes in males and females Repeated exposure to lead and lead compounds In the workplace may result In
nervous system toxicity. Some toxicclogists report abnormal conduction velocities in persons with blood lead levels of
50u:9/100 ml or higher. Heavy lead exposure may result in central nervous system damage, encephalopathy and damage to
the blood-forming (hemsatopoietic) tissues.

Carcinogenicity: Sulfuric Acid . The International Agency for Research on Cancer (JARC) has classified “strong inorganic
acid mist containing sulfuric acid” as a Cateqory | carcinogen, a substance that is carcinogenic to humans. This classification
does not apply to liquid forms of sulfuric acld or sulfuric acid solutions contained within a battery. Inorganic acid mist (sulfuric
acid mist) Is not generated under normal use of this product. Misuse of the product, such as overcharginging, may result in
the generation of sulfuric acid mist. Lead Compounds: Lead is listed as a 2B carcinogen, likely in animals at extreme doses
Procf of carcinogenicity in humans is lacking at present Arsenic: Listed by National Toxicology Program (NTP). International
Agency for Research on Cancer (IARC), OSHA and NIOSH as a carcinogen only after prolonged expeosure at high levels.

Medical Conditions Generally Aggravated by Exposure: Qverexposure 16 sulfuric acid mist may cause lung damage and
aggravate pulmonary conditions. Contact of sulfuric acld with skin may aggravate diseases such as eczema and contact
dermatitis. Lead and Its compounds can aggravate some forms of kidney, liver and neurologic diseases.

Additional Health Data

All heavy metals, including the hazardous ingredients in this product, are taken into the body primarily by inhalation and
ingestion. Most inhalation problems can be avoided by adequale precautions such as ventilation and respiratory protection
covered in Secticn 8. Follow good personal hygiene to avoid inhalation and ingestion: wash hands, face, neck and arms
thoroughly before eating, smoking or leaving the work site, Keep contaminated clothing out of non-contaminated sreas, or
wear cover clothing when in such areas. Restrict the use and presence of food, tobacco and cosmetics to non-contaminated
areas. Work clothes and work equipment used in contaminated areas must remain in designated areas and never taken
home or laundered with personal non-contaminated clothing. This product is intended for industrial use only and should be
isolated from children and their environment.

The 19" Ammendment to EC Directive 67/548/EEC classified lead compounds, but not lead in metal form, as possibly toxic to
reproduction. Risk phrase 61: May cause harm to the unborn child, applies to lead compounds, especially soluble forms.
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| SECTION 12: ECOLOGICAL INFORMATION ]

Environmental Fate: Lead is very persistent in soll and sediments. No data on environmental degradation. Mobility of
metallic lead between ecological compartments is slow, Bioaccumulation of lead occurs in aguatic and terrestrial animais and
plants but little bicaccumulation occurs through the food chain. Most studies include lead compounds and not elemental lead

Environmental Toxicity:

Sulturic acid: 24-hr LCgy;, fresh water fish (Brachydenio rerio). 82 mgA

96-hr LOEC, fresh water fish (Cyprinus carpiol; 22 mgh (lowest observable effect concentration)
48-hr LCs¢ (modeled for aquatic invertebrates). <img/L. based on lead bullion

Arsenic: 24-hr LCyy, freshwater fish (Carrassisus auratus)>5000a/L

E

ional Information

No known effects on stratospheric ozone depletion.
Volatiie organic compounds: 0% (by Volume)
Water Endangering Class (WGK): NA

...g

| SECTION 13: DISPOSAL CONSIDERATIONS (UNITED STATES) ]

WASTE DISPOSAL Spent batteries: Send to secondary lead smelter for recycling. Contact your East Penn Mfg.
METHOD: representative for more information related to lead acid battery recycling. Spent lead acid

batteries are not regulated as hazardous waste when the reguirements of 40 CFR Section
266.80 are met  If applicable; EPA hazardous waste number D002 (corrosivity) and D008
(lead) Electroite: Place neutralized slurry Into sealed acid resistant containers and
dispose of as hazardous waste, as applicable. Large water diluted spllis, after neutralization
and testing, should be manzged In accordance with approved local, state. and federal
requirements. Consult state environmental agency and/or federal EPA.

Follow local, State/Provincial, and Federal/National regulations epplicable to as-used. end-
of-life characteristics to be determined by end-user,

| SECTION 14: TRANSPORT INFORMATION ]

DOT rules specified in 48 CFR 173.159 Batteries, wet, regulate the transport of wet spillable batteries.
49 CFR 173,159 (e) specifies that when transporied by highway or rail, electric storage batteries containing electrolyte or
corrosive battery fluid are not subject to any other reguirements of this subchapter, if all of the following are met:
(1) No cther hazardous materials may be transported in the same vehicle:
(2) The batteries must be loaded or braced 50 as to prevent damage and short circuits in transit;
(3) Any other material loaded in the same vehicle must be blocked, braced, or otherwise secured to prevent contact with
or damage to the batteries; and
(4) Thetransport vehicle may not carry mstenal shipped by any person other than the shipper of the batteries
If any of these requirements are not met, the batteries must be shipped as fully regulated Class & Corrosive hazardous

materials

Proper Shipping Name Batteries. We!, Filled with Acid

Hazard Class 8 1D Number UN2794
Packing Group NA Labels Corrosive
Proper Shipping Name Baltteries. Wet, Filled with Acid

Hazard Class 8 1D Number UN2794
Packing Group NA Labels Corrosive
Reference IATA packing instructions 870

VESSEL - IMO-IMDG:

Proper Shipping Name Batteries. Wet, Filled with Acid

Hazard Class 8 ID Number UN2734
Packing Group NA Labels Corrosive

Reference IMDG packing instructions P801
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Additienal Information
Transport requires proper packaging and paperwork, including the Nature and Quantity of goods, per applicable
origin/destination/customs points as-shipped.

[ SECTION 15: REGULATORY INFORMATION

INVENTORY STATUS:
All components are |isted on the TSCA, EINECS/ELINCS; and DSL, unless noted otherwise below.

: u 2

TSCA Section 8b — Inventory Status: All chemicals comprising this product are either exempt or listed on the TSCA
Inventory

TSCA Section 12b — (40 CFR Part 707.60(b)) No notice of export will be required for articles, except PCB articles, unless
the Agency so requires in the context of individus! section 5,6, or 7 actions

TSCA Section 13 -(40 CFR Pant 707.20). No import certification required (EPA 305-8-99-001, June 1999, Introduction to
the Chemical Import Requirements of the Toxic Substances Control Act, Section IV .A)

RCRA. Spent Lead Acid Balteries are subject 1o streamlined handling requirements when managed in compliance with
40 CFR section 266.80 or 40 CFR part 273. I applicable; EPA hazardous waste number D002 (corrosivity) and DO0OS
(lead)

STATE REGULATIONS (US): *Proposition 65 Warning Battery posts, terminals and related accessories contain
lead and lead compounds, chemicals known to the State of Callfornia to cause cancer and reproductive harm.
Batterles also contain other chemicals known to State of California to cause cancer. Wash hands after handling.

EPA SARA Title lll

Section 302 EPCRA Extremely Hazardous Substances (EHS): Sulfuric acid is a listed "Extremely Hazardous Substance”
under EPCRA, with a Threshold Planning Quantity (TPQ) of 1,000 Ibs. EPCRA Section 202 notification is required if 500
|bs. or more of sulfuric acid is present at one site (40 CFR 370.10). For more Information consuft 40 CFR Part 355.

304 CERCL rdous stances: Reportable Quantity (RQ) for spilled 100% sulfuric acid under CERCLA
(Superfund) and EPCRA (Emergency Planning and Community Right to Know Act) is 1.000 Ibs. State and local reportable
QUanmws for spiled sulfuric acid may vary.

EPCRA Section 312 Tier |l reporting Is required for non-automotive batteries if
sulfuric acid is present in quantities of 500 Ibs. or more and/or if lead is present in quantities of 10,000 Ibs. or more. For
more information consult 40 CFR 370,10 and 40 CFR 370,40,

Sectlon 312 EPCRA Toxic Substances: 40 CFR Section 372.38(b) states: If toxic chemical is present in an article at a
covered facility, & person is not required to consider the quantity of the toxic chemical present in such article when
determining whether an applicable threshold has been met under 40 CFR’s 372 25 372 27, or 372 28 or determining the
amount of release to be reported under 40 CFR 372.30. This exempticn applies whether the person received the article
from another person or the person produced the article. However, this exemption applies only to the quantity of the toxic
chemical present in the article.
The reporting of lead and sulfuric acid (and their releases) In leadacid batteries used In cers, trucks, most cranes, forklifts,
locomotive engines, and aircraft for the purposes of EPCRA Section 313 is not required. Lead acid bafteries used for
these purposes are exempt lor Seetion 313 repomng per lhe "Motor VeNcle Exemplton See page B8-22 of the U S _EPA
: 3 ’ J 3 for additional information of this

exemptuon
Always check your statedocal requirements as they may differ.

Supplier Notification. This product contains toxic chemicals that may be reportable under EPCRA Section 313 Toxic
Chemical Release Inventory (Form R) requirements. For a manufacturing facility under SIC codes 20 through 39, the
following Information is provided to enable you to complete the required reports:

Toxic Chemical c mb Approximate % by Weight
Lead 7439-92-1 65
Electrolyte (Sulfuric Acid/Water Solution) 7664-93-9 25

Antimony 7440-36-0 <10

Arsenic 7440-38-2 <0.1

e
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SAFETY DATA SHEET

X fASH”” LEAD ACID BATTERY WET,

FILLED WITH ACID

See 40 CFR Part 370 for more detaiis.

Additienal Information

This product may be subject to Restriction of Hazardous Substances (RoHS) regulations in Europe and China, or may be
regulated under addtionsl regulations and laws not identified above, such as for uses other than described or as-
designed/as-intended by the manufacturer, or for distribution into specific domestic destinations.

[ SECTION 16: OTHER INFORMATION

OTHER INFORMATION:

NFPA Hazard Rating for Sulfuric acid.
Flammability (Red) =0

Health (Blue) =3

Reactivity (Yellow) =2

Sulfuric acid is water-reactive if concentrated

Distnibution into Quebec to follow Canadian Controlled Product Regulations (CPR) 24(1) and 24(2).
Distribution into the EU to follow applicable Directives to the Use, Import/Export of the product as-sold.

SDS PREPARATION INFORMATION:
DATE OF ISSUE: 13 May 2015

DISCLAIMER:

This Safety Data Sheet is based upon information and sources available at the time of preparation or revision date.
Information in the SDS was obtained from sources which we believe are reliable, but are beyend our direct supervision or
control. We make no Warranty of Merchantability, Fitness for any particular purpose or any other Warranty, Expressed or
Implied, with respect to such information and we assume no llability resulting from its use. For this and other reasons, we
do not assume responsibility and expressly disclaim liability for loss, damage or expense arising out of or In any way
connected with the handiing. storage, use or disposa! of the product. It is the obligation of each user of this product to
determine the suitability of this product and comply with the requirements of all applicable laws regarding use and disposal
of this preduct. For additional information concerning East Penn Manufactuning Co, products or questions concerning

the content of this SDS please contact your East Penn representative
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SAFETY DATA SHEET

VALVE REGULATED LEAD ACID BATTERY,
NON-SPILLABLE

| SECTION 1: PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME: MNOM-SPILLAELE Battery

OTHER PRODUCT Valve Regulated Lead Acid Battery {gel/absarbed electrolyie}, Electric Storage Baltery
NAMES: Battery Mon-Spillabie 45 CFR 173, 158a

MANUFACTURER: East Penn Manufacturing Company

ADDRESS: Deka Road

Lyon Staticn, PA 19536 USA

EMERGENCY TELEPHONE NUMBERS:

NON-EMERGENCY HEALTH/SAFETY INFORMATION:

USICN. CHEMTREC 1-800-424-3300
Cutside US/CN: CHEMTREC 1-703-527-388T

610-682-6361

CHEMICAL FAMILY: This product is a gelfabsorbed electrolyts type lead acid storage batery.

PRODUCT USE: Consumer/industrial‘Commercial electrical storage batteries.

SECTION 2: HAZARDS IDENTIFICATION

GHS Classification;

Health

Environmental

Physical

Agute Toxicity — Category 4

Skin Comrosion = Category 14

Eye Damage - Category 1
Reproductive = Category 14
Carcinagenicity (lead)- Categary 18
Carcinogenicity (arsenic)= Category 14
Carcinegenicity(acid mist-CategorylA
Specific Target Crgan Taxleity
(repeated exposure} —Category 2

GHS Label:

OOP

Aquatic Chronic -1
Aguatic Acule =1

Explosive Chemical, Division 1.3

Signal Word: DANGER !
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SAFETY DATA SHEET
VALVE REGULATED LEAD ACID BATTERY,
NON-SPILLABLE

Hazard Statements

Harmful if swallowed, inhaled, or in contact with skin
Causes severe skin burns and eye damage

Causes serious eye damage,

May damage fertility or the unborn child if ingested or
inhaled.

May cause cancer (f ingested or inhaied

Causes damage lo central nervous system, blood and
kidneys through prolonged or repeated exposure If
ingested or inhaled.

May cause harm to breast-fed children

Very toxic to aquatic life with long fasting sffects.

Physical

May form explosive air/gas mixture during charging.
Extremely flammable gas (hydrogen)

Explosive; fire, blast or projection hazard,

Obtain special instructions before use.

Do nat handie untll all safety precautions have been read

Precautionary Statements
Prevention

Wash thoroughty after handiing.

Do nat eal, drink or smoke when using this product,
Wear protective gloves/protective clothing, eye protection/face
protectien.

Avoid breathing dust/fume/gas/mist/vapors/spray

Use only outdoors or in a well-ventilated area,

Causes skin irritation, serious eye damage.

Contact with internal components may cause irritation or
severe bums.

Avoid contact with internal acid/gel.

Irritating to eyes, respiratory system, and skin

Avoid contact during pregnancyAwhile nursing,

Response

IF SWALLOWED OR CONSUMED' rinse mouth, Do NOT
Induce vomiting.

Call @ poison center/doctor If you feel unwell

IF ON CLOTHING OR SKIN (or hair): Remove/Take off
Immediately all contaminated clothing and wash it before
reuse. Rinse skin with waler/shower.

and understood IF INHALED: Remove person to fresh air and keep
comfortable for breathing.
Immediately call a POISON CENTER or doctor/physician,
IF IN EYES. Rinse cautiously with water for several minutes,
Remove contact lenses, if present and easy to do. Continue
rinsing.
If exposediconcerned, or if you fael unwell seek medical
attention/advice
Storage and Disposal
Store locked up, In a well-ventilated area. In accordance with
loca! and national regulation.
Avoid release to the environment.
Coliect spillage.
Dispose of contents/container In accordance with local/
regional/national/international regulations.
Keep away from heat/sparksicpen flames/hot surfaces.
No smoking.
Use only outdoors or in well ventilated area
Keep out of reach of children.

EMERGENCY OVERVIEW: May form explosive air/ges mixture during charging. Contact with intemal components

may cause imritation or severe bums. Imitating to eyes, respiralory system, and skin.
Prolenged inhalation or ingestion may result in serious damage to health. Pregnant
women exposed to internal compenents may experience reproductive/developmental

effects,

Additional Inf X
No health effects are expected related to normal use of this product as soid.

| SECTION 3: COMPOSITION/INFORMATION ON INGREDIENTS

.

Lead and Lead Compounds, inorganic
Electrolyte (Sulfuric acid and water)
Antimony

7439-9241 60-75 (average: 67) 231-100-4
7664-93-9 5-15 (average:10) 231-639-5
7440-36-0 0-01 (average'<0.1)  231-146-5
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Polypropylene 9003-07-0 2-10 (average: 4) NA
NA — Not applicable/ND — Not determined

Additional Infermation

These Ingredients reflect componéents of the finished product rejated to performance of the product as distributed into
commerce. Inorganic lead, lead compounds and elecirolyte (sulfuric acid) are the primary components. Other metals (ie. Sn,
Cu, As) may be present at concentrations below the applicable reporting threshold,

[ SECTION 4: FIRST AID MEASURES

EYE CONTACT: Sulfuric Acid and Lead: Flush eyas immediately with large ameounts of water for at least 15 minutes
while lifting lids. Seek immediate medical attention If eyes have been exposed directly to acid,

SKIN CONTACT: Sulfunic Acid: Flush sffected area(s) with large amounts of water using deluge emergency shower. if
available, shower for at least 15 minutes. Remove contaminated clothing, including shoes = If
symptoms persist, seek medical attention. Wash contaminated clothing before reuse.  Discard
contaminated shees.

Lead: Wash immediatety with soap and water.
INGESTION: Sulfuric Acld: Give large amounts of water. Do NOT induce vomiting or aspiration into the lungs
may occur and can cause permanent injury or death; consult physician.
INHALATION: Sulfuric Acid: Remove to fresh air immediately. If not breathing, give artificial respiration. If
breathing is difficult, give oxygen. Consult a physician.
Lead: Remove from exposure, gargle. wash nose and lips; consult physician.

| SECTION 5: FIRE-FIGHTING MEASURES

FLASH POINT: Not Applicable.

FLAMMABLE LIMITS: LEL= 4.1% (Hydrogen Gas in air), UEL=74.2%

EXTINGUISHING MEDIA: CO: ; foam; dry chemical. Do net use carbon dioxide directly on cells. Avoid breathing vapors.
Use appropriate media for surrounding fire,

FIRE-FIGHTING PROCEDURES: Use positive pressure, self-contained breathing apparatus. Beware of acid spiatter during
water application and wear acid-resistant clothing, gloves, face and eye protection. If batteries are on charge, shut off power
to the charging equipment, but note that strings of series connected batteries may still pose risk of electric shock even when
charging equipment is shut down.

HAZARDOUS COMBUSTION PRODUCTS: Highly flammable hydrogen gas is generated during charging and operation of
batteries. |f ignited by burning cigarette, naked flame or spark, may cause battery explosion with dispersion of casing
fragments and corrosive liquid electroiyte, Carefully foliow manufacturer’s instructions for installation and senvice. Keep away
all sources of gas ignition and do nat allow metallic articies to simuitaneously contact the negative and positive terminals of a
battery.

Fire-fighting water runoff and dilution water may be toxic and corrosive and may cause adverse environmental impacts.

| SECTION 6: ACCIDENTAL RELEASE MEASURES

Content is corosive. In the event of a rupture. spill or release stop flow of material, containfabsorb smaf spills with dry sand,
earth, and vermiculite, Donot use combustible matenals. If possible, carefully neutralize spilled electrolyte with soda ash,
sodium bicarbonate, lime etc. Wear acid-resistant ciothing, boots, gloves. and face shield. Do not allow discharge of un-
neutralized acid to sewer, Acid must be managed In accordance with approved local, state, and federal requirements
Consult state envirenmental agency and/or federal EPA.

Addiiticnal Information
Lead acid batteries are recyclable. Contact your East Penn representative for recycling information.

[ SECTION 7: HANDLING AND STORAGE
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Handling: Unless involved in recycling operations, do not breach the casing or emply the contents of the battery. There may
be increasing risk of electric shock from strings of connected batteries. Keep containers tightly clesed when not in use. i
battery case is broken, avoid conlact with internal components. Keep vent caps on and cover terminals o prevent shorl
circuits. Place cardbeard between fayers of stacked automotive batteries to avoid damage and short circuits. Keep away
from combustibla materials, organic chemicals, reducing substances, metals, streng oxidizers and water. Use banding of
siretch wrap (o secure items for shipping.

Storage: Store batleries under roof in codl, dry. well-ventilated areas separated from incompatible materials and from
activities that may create flames, spark or heat. Store on smooth, impenvious surfaces provided with measures for liquid
containment in the rupture, splll or release of electrolyte. Keep away from metallic objects that could bridge the terminais on
a battery and creale 8 dangerous short-circuil.

Charging: There is a passibie risk of electric shock from charging equipment and from strings of series connected batteries,
whether of not being charged. Shut-off power to chargers whenever not in use and before detachment of any circuit
connecltions. Batteries baing charged will generate and release Tammable hydrogen gas. Charging space should be
ventilated. Keep battery vent caps in pasition. Frohibit smoking and avaid creation of lames and sparks nearby. Wear face
and eye protection when near batteries being charged

[ SECTION 8§ EXPOSURE CONTROLS/IFERSONAL PROTECTION

Exposure Limits {mg/m’]

Ingredlents OSHA PEL ACGIH Us NIDSH Quebec PEV Ontario OEL EU OEL
Lead, 0.05 0.05 0.05 0.05 0.05 0,15 (b)
Inorganic

Antimony 0.5 0.5 0.5 0.5 0.5 0.5 {b,d)
Tin 2 2 2

Copper 1 1 1 1 1 {a) 0.1 [a)
Arsenic 0.1 0.01 0.01

Sulfuric Acld 1 0.2 1 1 0.2 0.03 (¢}
Polypropylene | N.E. M.E. M.E. N.E N.E. M.E.

{a) As dustsimists (b} As inhalable aerosol (c) Thoracic fraction (d) Based on OEL's of Austria, Belgium,
Denmark, France, Netherlands, Switzerland, & U.K. (e) Based on OEL of Netherlands

ENGINEERING CONTROLS/SYSTEM DESIGN INFORMATION:

Store and handle in well-ventilated ares. |f mechanical ventifation is used, companents must be soid-resistant . Handle
batteries cautiously to avold ruptura, spill or release, Make certam vent caps ane on securely  If battery case is damaged,
avoid bodily contact with infemal components. Wear protective clothing, eye and face protection, charging or handliing
batteries. Do not allow metallic materials to simultanecusly contact both the positive and negative terminals of the batteries
Charge batteries in areas with adeguate ventilation. General dilution ventilation is acceptable.

RESPIRATORY PROTECTION (NIOSHMSHA approved):
Meone reguired under normal conditions. When concentrations of sulfuric acid mist are known to exceed PEL, use NIDSH or
MSH A-approved respiratory protection

EYE PROTECTION:
If battery case |s damaged, use chemical goggles or face shield

SKIN PROTECTION:
If battery case is damaged, use rubber of plastic acid-resistan! gloves with elbow-length gauntiel, acid-resistant apron,
clathing and boots.

OTHER PROTECTION: In areas whara water and sulfuric acid solutions are handled in concentrations greater than 196,

emergency eyewash stations and showers should be provided, with unlimited water supply,
Wash Hands after handling.
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« Batteries are housed in polypropylene cases which are regulated as tctal dust or respirable dust enly when they are
ground up during recyciing. The OSHA PEL for dust is 15 mg/m:' as total dust or 5 mo/m] as respirable dust.
e May be required to meet Domestic Requirements for a Specific Destination(s).

| SECTION 9: PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE: Industrial/commercial lead acid baltery

ODOR: Odorless

ODOR THRESHOLD: Manufactured article: no apparent odor. Electrolyte is a gel with & sharp.
penetrating, pungent odor.

PHYSICAL STATE: Sulfuric Acid: Liquid/Gei; Lead: solid

pH: ~1to2

BOILING POINT: 203-240" F (as sulfunc acld)

MELTING POINT: NA

FREEZING POINT: NA

VAPOR PRESSURE: 10 mmHg

VAPOR DENSITY (AIR = 1): >1

SPECIFIC GRAVITY (H:2O =1): 1.27-1.33

EVAPORATION RATE (n-BuAc=1): <1

SOLUBILITY IN WATER: 100% (as sulfunc acid)

FLASH POINT: Below room temperature (as hydrogen gas)

AUTO-IGNITION TEMPERATURE: NA

LOWER EXPLOSIVE LIMIT (LEL): 4% (as hydrogen gas)
UPPER EXPLOSIVE LIMIT (UEL): T74% (as hydrogen cas)
PARTITION COEFFICIENT: NA

VISCOSITY (poise @ 25° C): Not Available
DECOMPOSITION TEMPERATURE: Not Available

I SECTION 10: STABILITY AND REACTIVITY

STABILITY: This product is stable under normal conditions at ambient temperature.
INCOMPATIBILITY (MATERIAL TO AVOID): Electrolyte: Contact with combustibles and organic materials may cause
fire and explosion. Also reacts vialently with strong reducing agents,
metals, sulfur tricxide gas, strong oxidizers. and water. Contact with
metals may produce toxie sulfur dioxide fumes and may release
flammable hydrogen gas
Lead compounds: Avoid contact with strong acids, bases, halides,
halogenates, potassium nitrate, permanganate. peroxides, nascent
hydrogen, and reducing agents
. strong oxidizers, bromine azide. NOTE: hydrogen
gas can react with inorganic arsenic to form the highly toxic gas-arsine
HAZARDOUS DECOMPOSITION BY- Electrolyte: Sulfur trioxide, carbon monoxide, sulfuric acid mist, sulfur
PRODUCTS: dioxide, hydrogen sulfide.
. Temperatures above the melting point are likely to
produce toxic metal fume, vapor, or dust, contact with strong acid or
base or prescence of nascent hydrogen may generate highly texic arsine

gas.
HAZARDOUS POLYMERIZATION: WIill not occur
CONDITIONS TO AVOID: Prolonged overcharge at high current; sources of ignition.

| SECTION 11: TOXICOLOGICAL INFORMATION

ACUTE TOXICITY (Test Results Basis and Comments):
Inhalation LD« R .
Electroivte: LCq rat 375 mg/m ; LCx: guinea pig: 510 mg/m’
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Elemental Lead: Acute Toxicity Point Estimate =4500 ppm V (based on lead bullion)

Elemental Arsenic: No data

Oral LD=p

Electrolyte: rat 2140 makag

Elemental Lead: Acute Toxicity Estimate (ATE) = 500mg/kg body weigh! (based on lead bullion)
Elemental Arsenic: LDy mouse: 145 makg

Elemental Aotimony: LDs; rat: 100 mg/kg

Routes of Entry: Sulfuric Acid: Harmful by all routes of entry. Lead Compounds: Hazardous exposure can occur only when
product Is heated, oxidized or otherwise processed or damaged to create dust, vapor or fume. The prescence of nascent
hydrogen may generate highly toxic arsine gas

Inhalation: Sulfuric Acid: Breathing of sulfuric acid vapors or mists may cause severe respiratory irritation
Lead Compounds: Inhalation of lead dust or fumes may cause Irritation of upper respiratory tract and lungs

Ingestion: Sulfuric Acid: May cause severe [rritation of mouth, throat, esophagus and stomach Lead Compounds: Acute
ingestion may cause abdominal pain, nausea, vomiting, diarrhea and severe cramping. This may lead rapidly to systemic
toxicity and must be treated by a physician.

Skin Contact: Sulfuric Acid = Severe imitation, burns and ulceration Lead Compounds Not absorbed through the skin
Arsenic Compounds: Contact may cause dermatitis and skin hyperpigmentation,

Eye Contact: Sulfuric Acid: Severe irritation, bums, cornea damage, and blindness.
Lead Compounds May cause eye irritation.

Effects of Overexposure Acute: Sulfuric Acid : Severe skin iritation, damage to comea, upper respiratory rritation. Lead

. Symptoms of toxicity include headache. fatigue. abdominal pain, loss of appetite. muscular aches and
weakness. sleep disturbances and irritability.
Effects of Overexposure — Chronic: Sulfuric Acid = Possible erosion of tooth enamel, Inflammation of nose, threat &
bronchial tubes Lead Compounds: Anemia; neurcpathy, particularly of the motor nerves, with wrist drop; kidney damage;
reproductive changes in males and females, Repeated exposure to lead and lead compounds in the workplace may result In
nervous system loxicity. Some toxicologists report abnormal conduction velecities in persons with blood lead levels of
50pg/100 mi or higher. Heavy lead exposure may resull in central nervous system damage, encephalopathy and damage to
the blood-forming (hemaltopoietic) lissues

Carcinogenicily: Sulfuric Acid . The International Agency for Research on Cancer (IARC) has classified *strong inorganic
acid mist containing sulfuric acid” as a Category | carcinogen, a substance that is carcinogenic to humans. This classification
does nat apply to liquid forms of sulfuric acid or sulfuric acid solutions contained within a battery, Inorganic acid mist (sulfunc
acid mist) is not generated under normal use of this product, Misuse of the product, such as overcharginging, may result in
the generation of sulfuric acid mist. Lead Compounds: Lead is listed as a 2B carcinogen, likely in animals at extreme doses
Proof of carcinogenicity in humans is lacking at present Arsenic: Listed by Naticnal Toxicology Program (NTP), International
Agency for Research on Cancer (IARC), OSHA and NIOSH es a carcinogen only after prolonged exposure at high levels.

Medical Conditions Generally Aggravated by Exposure: Overexposure to sulfuric acid mist may cause lung damage and
aggravate pulmonary conditions. Contact of sulfuric acid with skin may aggravate diseases such as eczema and contact
dermatitis. Lead and its compounds can aggravate some forms of kidney, liver and neurologic diseases.

Additional Health Data:

All heavy metals, including the hazardous ingredients in this product, are taken into the body primarily by inhalaticn and
ingestion. Mostinhalation problems can be avoided by adequate precautions such as ventilation and respiratory protection
covered in Section 8 Follow good personal hygiene to avoid inhalation and ingestion: wash hands, face, neck and arms
thoroughly before eating, smoking or leaving the work site.  Keep contaminated clothing out of non-contaminated areas, or
wear cover clothing when in such areas, Restrict the use and presence of food, tobacco and cosmetics to non-contaminated
areas. Work clothes and work equipment used in contaminated areas must remain in designated areas and never taken
home or iaundered with personal non-contaminated ciothing This product is intended for industriai use enly and should be
isolated from children and their environment

The 19" Ammendment to EC Directive 67/548/EEC classified lead compounds. but net lead in metal form, as possibly toxic to
reproduction. Risk phrase 61. May cause harm to the unborn child, applies to lead compounds, especially soluble forms.,
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| SECTION 12: ECOLOGICAL INFORMATION

Environmental Fate: Leadis very persisient in swl and sediments. Mo data on environmental degradation. Mobility of
metallic lead between ecological compartmants is slow. Bicaccumulation of lead occurs in aquatic and lerrestrial animals and
plants but Hitle blcaccumulation occurs through the food chain. Mest studies include lead compounds and nol elemental |ead

Environmental Toxicity:
Sulluric acid: 24-hr LCxp, tresh water fish (Brachydanio rerioy: 82 mad
86-hr LOEC, fresh water fish ( Cyprinus carpial: 22 mg (lowest observable effect concentration)
Lead - 48-hr LCs: (modeled for aquatic invertebrates): <1mgilL, based on lead bullion
Arsenic: 24-hr LCyy, freshwater fish (Cerrassisus suratus)=5000g/L
Additienal Infermation
+ Mo known effecis on stratospheric ozone depletion,
+ Volatile organic compounds. 0% (by Velume)
« Watar Endangering Class (WGK): NA

SECTION 13: DISPOSAL CONSIDERATIONS (UNITED STATES)

WASTE DISPOSAL Spant batteres: Send to secondary lead smelter for recyeling. Contact your East Penn Mfg.
METHOD: representative for more information related to lead acid battery recycling. Spent lead acid

balteries are net regulated as hazardous waste when the requirements of 40 CFR Section
266.80 are met  If appliceble; EPA hazardous waste number DOO2 (corrosivity) and DOOA
{lead), Electrabte: Place neutralized slurry nto sealed acid resistant containers and
dispose of as hazerdous waste, a5 applicable. Large water diluted spills. after neutralization
and testing, should be managed in accordance with approved local, state, and fedsral
requirements. Consult state environmental agency andior faderal EPA

Follow local, State/Frovinciel, and Federal/Mational regulations spplicable to as-used, end-
ofife characteristics to be determined by end-user,

SECTION 14: TRANSPORT INFORMATION

Mot regulated pursuant to 49 CFR 173.158a of the DOT Hazardous Materials Regulation provided that each package is
marked "MON-SPILLABLE” or "NCH-SPILLABLE BATTERY™.

For Air shipments reference |ATA Dangerous Goods Regulations Special Provision A-67,

For ocean shipments reference INDG Special Provision #238.

Mote, Batteries which have met the test reguirements for "non-spillable batteries” in shipment must be protected against short
circuit and securely packaged.

Label: NOM-SPILLABLE

Transport requires proper packaging and paperwork, Including the Nature and Quantity of goeds, per applicable
origin/destination/customs paints as-shipped

SECTION 15: REGULATORY INFORMATION

INVENTORY STATUS;
All components are listed on the TSCA; EINECS/ELINCS, and DEL, unless noted otherwise below.

TSCA Bection 8b - Inventory Status: All chemicals comprising this preduct are either exempt or listed on the TSCA
Inventory.
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TSCA Section 12b - (40 CFR Part 707 60(b)) No natice of export will be required for articles, except PCB articles, uniess
the Agency so requires in the context of individual section 5.6, or 7 actions

TSCA Section 13 (40 CFR Part 707.20). No Import certification required (EPA 305-B-98-001, June 1998, Introduction to
the Chemical Import Requirements of the Toxic Substances Contrel Act, Section IV.A)

RCRA Spent Lead Acid Batteries are subject to streamlined handling requirements when managed in compliance with
40 CFR section 266 80 or 40 CFR part 273 If applicable; EPA hazardous waste number D002 (corrosivity) and D008
(lead)

STATE REGULATIONS (US): *Proposition 65 Warning Battery posts, terminais and related accessories contain
lead and lead compounds, chemicals known to the State of California to cause cancer and reproductive harm.
Batteries also contain other chemicals known to State of Callfornia to cause cancer. Wash hands after handling.

EPA SARA Titie lII:
Section 302 EPCRA Extremely Hazardous Substances (EHS): Sulfuric acid is a listed "Extremely Hazardous Substance”
under EPCRA, with a Thresheld Planning Quantity (TPQ) of 1,000 ibs. EPCRA Section 302 notification is required if 500
Ibs. or more of sulfuric acid is present at one site (40 CFR 370.10). For more information consult 40 CFR Part 355,
Section 304 CERCLA Hazardous Substances: Reportable Quantity (RQ) for spilled 100% suifuric acid under CERCLA
(Superfund) and EPCRA (Emergency Planning and Community Right to Know Act) is 1,000 Ibs, State and local reportable
quantities for spllled sulfuric acid may vary.
Secticn 311/312 Hazard Categonization. EPCRA Section 312 Tier |l reporting is required for non-automotive batteries if
sulfuric acid is present in quantities of 500 Ibs, or more and/er If lead is present in guantities of 10,000 Ibs. or more. For
more information consult 40 CFR 370.10 and 40 CFR 370.40.
Section 313 EPCRA Toxic Substances: 40 CFR Section 372 38(b) states: |f toxic chemical Is present in an article at 2
covered facility, a person Is not required to consider the quantity of the toxic chemical present in such article when
determining whether an applicable threshold has been met under 40 CFR's 372.25 372 27, or 372.28 or determining the
amount of release to be reported under 40 CFR 372.30. This exemption applies whether the person received the articie
from another person or the person produced the article. However, this exemption applies only to the quantity of the toxic
chemical present in the article,
The reporting of lead and sulfuric acid (and their releases) in lead acid batteries used in cars, trucks, most cranes,
forklits, locomotive engines, and alrcraft for the purpeses of EPCRA Section 313 is not required. Lead acld batterles used
for these purposes are exemp( for Section 313 reporting per the “Motor Velncie Exempbcn See page B-22 of the U.S,
X : ) g for additional information of

this exemplion
Always check your stateflocal requirements as they may differ,

Supplier Notification: This product contains toxic chemicais that may be reportable under EPCRA Section 313 Toxic
Chemical Release Inventory (Form R) requirements. For a manufacturing facility under SIC codes 20 through 39, the
following information Is prowided to enable you to complete the required reports:

Toxlc Chemical CAS Number Approximate % by Weight
Lead 7439-92-1 67

Electrolyte (Sulfuric AcidMW ater Salution) 7664-93-9 10

Antimony T440-36-0 <10

Arsenic 7440-28-2 <0.1

See 40 CFR Part 370 for more detalls.

Additional Information

This product may be subject to Restriction of Hazardous Substances (RoHS) regulations in Europe and China, or may be
regulated under additional regulations and laws nct Identified above, such as for uses other than described or as-
designed/as-intended by the manufacturer, o for distribution into specific domestic destinations.

| SECTION 16: OTHER INFORMATION

OTHER INFORMATION:

NFPA Hazard Rating for Sulfuric acid:
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Flammability (Red) =0
Health (Blue) =3
Reactivity (Yellow) =2
Sulfuric acid is water-reactive if concentrated,

Distribution into Quebec to follow Canadian Controlled Product Reguiations (CPR) 24(1) and 24(2).
Distribution into the EU to follow applicable Directives to the Use. Import/Export of the preduct as-sold.

SDS PREPARATION INFORMATION:
DATE OF ISSUE. 13 May 2015

DISCLAIMER:

This Safety Data Sheet is based upon information and sources available at the time of preparation or revision date.
Information in the SDS was obtained from sources which we believe are reliable, but are beyond our direct supervision or
control. We make no Warranty of Merchantability, Fitness for any particular purpese or any other Warranty, Expressed of
Implied, with respect to such information and we assume no liabillty resulting from its use, For this and other reasons, we

do not assume responsibility and expressly disclaim liability for loss, damage or expense arising out of o in any way
connected with the handling, storage. use or disposal of the preduct It is the obligation of each user of this product to
determine the suitability of this product and comply with the requirements of all applicable laws regarding use and disposal of
this product. For addtional information conceming East Penn Manufacturing Co. products or questions concerming

the content of this SDS please contact your East Penn representative.
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GLOSSARY

Acid In the lead acid storage ballery
industry, “acid” implies “sulfuric acid”, and is
used 1o describe the electrolyle or liquid in
the cell.

Active Materials The malerials in a batlery
which react chemically 1o praduce electrical
energy. in a lsad-acid ballery the active
malerials are lead peroxide {posilive} and
sponge lead {negative).

Activation Process for making a dry
charged cell functional by introducing
elecirolyte.

Alr Oxidized A charged negative plaie that
has been removed from the elecirolyle and
permitted 1o dischargs in an air atmosphers
with the evolution of heat. Plaies so trealed
must be recharged bsfore they are capable
of producing any ussful slectrical energy.

Alloy A combination of two or more metals,
as a mixture, solution or compound. See
SANTIMOMIAL LEAD ALLOY", “CALCIUM
LEAD ALLOY™.

Ambient Temperature The lemperaiure of
the surreunding cooling medium, such as gas
or liquid, which comes inlo contacl wilh the
heated parts of the apparatus, usually refers
0 room or air temp.

Alternating Current An slectvic, pulsating
current, in which the direction of flow is rapidly
changed, so that a tlerminal becomes in rapid
suceession postive then negative.

Ammeter An ammelsr is an inslrument for
measuring electrical current. See also
“AMPERE-HOUR METER",

Ampacity Current carrying capacity in
amperes,

Ampere The practical unit of eleciric current
that is equivalent 1o the steady stale current
produced by one voll applied across a resis-
tance of one ohm. It is one tenih of an
abampers.

Ampere-Hour A measure of the volume of
slectricity, bsing one ampesrs for one hour, or
3600 coulombs. It is used o express ballery
capacily, and is ragisiered by an ampsrs
hour meter, or is obtained by multiplying the
current in amperes by the length of time that
the current is mainiained.

Ampere-Hour Capacily The number of
ampere-hours which can bg delivered under
specified condilions as o lemperature, rats
of discharge, and final vollage.

Ampere-Hour Efficiency The elecirochemi-
cal efficiency expressed as the ratic of the
ampere-hours output 10 the ampere-hours
input required for the recharge.

Ampere-Hour Meter An instrument that reg-
isters the gquantity of electricity in
armpeare-hours.

Assembly 1. The process of combining lhe
various paris of cells and balteries into the
finished product. 2. Any particular arrange-
ment of celis, connectors, and terminals 10
form a battery suited for a desired applica-
tion.

Batlery (Storage) A slorage batlery is & con-
nected proup of two or more storags cells
{common usage permits this term to be
applied 1o a single call used indspendently}.
Batteries ars somelimes referred o as
“Accurmulalors” since electric energy is accu-
mulated by chemical reaction.

Bayonet Vent A term originally applisd 10 a
design of quarier lurn vent plug the lowsr
portion of which resembles a bayonet, both
in appearance and locking arrangement.

Boest Cells Cells with higher capacity than
the tesis cells which are used 1o help main-
fain sonstant discharge current in a manual
discharge test.

Boost Charge A partial charge given fo a
slorage batiery usually at a high rate for a
shorl period. It is employed in motive power
service when the capacity of a battery is not
sufficient for a full day's work.

Boot Plastic piece used al foot of plate,
especially a wrappsed plate, for retention and
insulation.

Bridge The ribs or slements supporting
struclure, molded, or cut lo fit into the botlom
of a ribless jar or container in order to pro-
vide sediment space under the element
thersby preventing short circuits.

Burning The welding together of two or more
lead parts such as plates, siraps, conneclor;
by means of heat and in some cases, addi-
tional meial supplied by a stick called a
burning sirip.

Burning Center The center-to-cenier dis-
tance between adjacent plates of the same
polarily.

Burning Stick A lead slick of convenient size
used as a supply of joining metal in lead
burning.

Button The finished “button shaped” area
produced on ihe top surface of a connectar
or ierminal by the posi burning operation.

Cadmium (Cd} A metallic element highly
resislant 1o corrosion, used as a proleclive
plaling on certain stesl parts and fittings.

Cadmium Electrode A third electrode for
separate measurements of the slectrods
potential of pesitive and negative plate
groups.

Calcium Lead Alloy A Isad base alloy that in
certain applicalions can be used for batlery
paris in place of antimonial lead alloys Most
common use is in stationary cells.

Capacity
See “AMPERE HOUR GAPACITY™.

Capacity Test A test wherein the battery is
discharged al consiant current at room tem-
perature 1o a cutoff voltage of usually 1.70
voltsicell,

Carbon Burning Outfit A metallic rod and
insulated handle, mounting a pointed carbon
rod; used for lsad burning on sarvice loca-
tions where the usual gas flame equipment is
not available.
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Carboy A large cylindrical container or bottle
of plastic or glass used 1o ship acid.

Cast To form a molien substancs into a defi-
nite shape by pouring or forcing the liguid
malerial inlo a mold and allowing it 1o solidily
{freeze).

Casting A metaliic item, such as one or more
grids, straps or connectors; produced by
pouring or forcing molien metal inte a mold
and allowing it to solidify.

Cell (Storage} A slorage {secondary) cell is
an slecirolytic cell for the generation of elec-
tric energy in which ths cell afler being
discharged may be restored 1o a charged
condition by an electric current flowing in a
direction opposite {o ths flow of current when
the celi discharges.

Charged The condition of a siorage cell
when at its maximum ability to deliver cus-
rent. The positive plate contains a maximum
of lead peroxide and a minimum of sulfaie,
while the negative plates contain a maximum
of spongs lsad and a minimum of sulfats,
and lhe elsclrolyle will be al maximum spe-
cific gravity.

Charged and Dry A baitery assembled with
dry, charged plates, and no eleclrolyle.

Charged and Wet A fully charged battery
sontaining electrolyie and ready to dsliver
current.

Charging The process of converling elsctri-
cal energy lo slorad chemical energy. In the
lsad-acid system, charging converts Lead
Buifate {PbS04 in the plates to Lead
Peroxide (PbO?) [positive} or Lead (Pb) (neg-
alivs plate}.

Charging Plug The male half of a quick con-
nector which contains both the positive and
negalive leads.

Charging Rate The current expressed in
amperss al which the baliery is charged.

Charging Recepiacie The female half of a
guick connector housing both positive and
negalive leads.

Circuit A system of electrical componsnts
through which an electric current is intended
1o flow. The continuous path of an electric
current.

Compound An asphaltic, pitchiike material
used as a covar-io-jar batlery sealant.

Constant-Current Charge A chargs in which
the current is maintained at a constani value.
{For some iypes of isad-acid baiieries this
may involve two rales called a starling and a
finishing rale.}

Constant Potential Charge
See “CONSTANT VOLTAGE CHARGE".

Constant Veltage Charge A charge in which
the vollage at the terminals of the baltery is
held at a constani value.

GContainer Housing for one or mors cells,
sommonly called a “JAR”.



GLOSSARY (cont.)

Cover The lid or cover of an enclosed cell
generally made of the same malerial as the
jar or container and through which exiend
the posls and the vent plug.

Cover Ingerts Lead or lead alloy rings which
are molded or sealed into the cell cover, and
to which are bumed the element posts there-
by creating an sffective acid-cresp resistant
seal.

Curing Chemical conversion process which
changes lead oxides and sulfuric acid 1o mix-
tures of tetrabasic iead sulfate, other hasic
lead sulfales, basic lead carbonates, etc.,
which consequently will form desired struc-
tures of Pb or PbO2 on negative or positive
plates during formation.

Current The time rate of flow of electricity,
normally expressed as amperes, like the flow
of a stream of waler.

Cut-Off Voltage
See “FINAL VOLTAGE™.

Culiing {of acid) The dilution of a more con-
centrated solution of sulfuric acid 1o a lower
concentration.

Cycle A discharge and ils subsequent
racharge.

Cyele Service A lype of ballery operation in
which a battery is continuously subjected to
successive cycles of charge and discharge,
€.9.. motive power service.

Deap Discharge Removal of up 1o 80% of
the rated capacity of a cell or baltery.

Direct Current (DC) A direct current is a uni-
direclional current in which the changes in
value are either zero or so small thal thay
may be neglecied.

Discharge The conversion of the chamical
energy of the battery into elsctrical energy.

Discharged The condition of a storage cell
when as the resull of delivering current, the
plates are sulfaled, the elecirolyle is
exhausted, and there is little or no polential
differenca between the terminals.

Discharge Rate Balleries discharged lo
meei any lime rate betwesn 3 hours and 8
hours are considered as having been nor-
mally discharged.

Dry Charging Manufaciuring process wherse-
by charged plales are washed free of acid
and then dried.

Efficiency The ratio of the output of the cell
or battery 1o the inpul required to resiore the
initial stale of charge under specified condi-
tions of temperature, current rate and final
voltage.

Electrolysis Electrochemical reaction which
causes the decomposition of & compound,
either liquid, maolten or in selution.

Electrolyte Any substance which disassoci-
ates into two or more ions when dissolved in
waler. Selution of electrolyle conduct elec-
tricity and are decomposed by it. In the
battery industry the word “electrolyle” implies
a dilute solution of sulfuric acid.

Electrometive Force (EMF) Elscirical pres-
sure or potential, expressed in terms of volis.

Element Assembiy of a positive piate group,
a negalive plale group, and separaiors.

Equalizing Charge An exiended charge
which is given to a storage ballery o insure
the complele restoration of active matsrials
in all the plates of all the cells.

Ferroresonant Charger A consiant voliage
power supply conlaining a special trans-
former-capacitor combination, which
changes operating characleristics as current
draw is varied, so that the oulput voltage
rermnains censtant.

Filling Gravily The specific gravity of acid
used in the filling of batieries.

Final Yoltage The cut-off voltage of & bat-
lery: The prescribed vollage reached when
the discharge is considered complets.

Finighing Ratie The rale of charge expressed
in amperes 1e which the charging current for
sorme types of lead balleries is redused near
the end of charge 1o prevent excessive
gassing and temperaiures riss.

Fixed Resistance Discharge A discharge in
which the cell or battery is discharged
through a fixed resistive load. The current
being allowed 1o fall off as the terminal volt-
age decreases.

Flaming A methed used to improve the sur-
face of a cast lead or lead alloy part or of
trimmed batitery sealing compound in which a
flame is passed over the surface causing the
material 0 melt and flow smaoothly together.

Flat Plate A gensral term referring to pasted
plales.

Float Charging Application of a recharge at
a very low rate and accomplished by connec-
tion o a buss whose voltage is slightly higher
than the open circuit voltage of the batlery.

Flush To add water 1o a cell.

Flying Leads Any fixed terminal cable in
which the terminal or plug end of the cable is
unsupporied and allowed to hang freely
along the side of the batiery.

Foot Portion{s} of the grid projecting from the
tottom edge, used Tor support af the plate
@oup.

Formation or Forming Charge An initial
charging process during which the raw paste
within the plates is elgctrochemically convert-
ed into charged active material, lead
peroxide being formed in the posilive plales
and sponge lsad in the negalive plates.

Formed Plates that have undsrgons forma-
tion are known by this term.

Freshening Charge A charge given batteriss
in storage 1o replace 1he slanding loss and o
ensure that every plate in every cell is peri-
odically brought to a full state of charge.

Full Charge Gravity The specific gravity of

the electrolyle with the cells fully charged
and properly leveled.
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Gang VYent Vents for usually three adjacent
cells which are connecied 1o a cornmen man-
ifold. Typically used on SLi's.

Gassing The evalutien of pases from one or
roore of the slectrodes during electrolysis.

Gelled Electrelyte Electrolyle which has
been immobilized by addition of silica powder
or ather gelling agent.

Glase Mat Fabric made from glass fibers
with a polymeric binder such as slyreneg,
actylic, furfural, starch - used to help to retain
pasitive active malerial.

Gravity Hefers to spaaific gravity.

Gravity Drep The number of points reduction
ar drop of the specific gravity of the elec-
trolyle upon discharge of the cell.

Grid A melallic framework employed in a
storage call ar battery for conducting the
electric current and supporting the active
material.

Group One or more plates of a type {positive
or negalive} which are burned to a post and
sirap.

Hand Stand Manually opsrated casiing mold
irnto which lead or alloy is manualily poured.

High Impact Rubber
Ses RESIN RUBBER.

High Rate On charge, any rate higher than
the normal finishing rate.

H250¢ Chemical symbal for Sulfuric Acid.

Hydration {Lead) Reaction heiween water
and lead or lead compounds. Lead does not
react with strong sclutions of sulfuric acid,
but gravities lower than those found in dis-
charged cells are apt to produce hydration.
Hydration is observed as a white coaling on
bath plate groups and separators in a cell.

Hydrometer Device used to indicate density
or specific gravity of slectrolyle solutions.

Hydreset Curing process for negative and
positive plaies, wherein free lead in the paste
is oxidized and lolal free lead is reduced lo a
few per cent.

Indicator Devices employed to show & bat-
tery's state of charge, or its water level.

Initial Yoltage The closed-circuit vollage at
the beginning of a dischargs. 1 is usually
measured afier the current has flowed for a
sufficient period for the rate of change of
vollage 10 become practically constant.

Ingert A bushing of lead or lsad alloy molded
or sealed into cell covers, forming the post
hole, and 10 which the pest is burned io cre-
ale a creep-resistant cover-to-posl seal.

Intercell Connector Conductor of lead, lead
alloy or lead plated copper which is used to
connect two batlery cells.



GLOSSARY (cont.)

Internal Resistance The resistance within
the cell or ballery 1o the flow of an eleciric
current, and is measured by the ratio of the
change in voitage al the lerminals of the cell
or battery correspending {o a specified
change in current for short ime irdervals.

Jackstraw Mats
See GLASS MATS.

Jar Cell container, mads by injsction mold-
ing, rota-molding, or thermo-forming.

Jar Formation The forming of platss in the
cell jar or conlainer, afler they have been
assembled,

Jumper A short length of conductor used 1o
connect or cutoul part of an electrical circuil.

Kilovolt (KV) One thousand volis.
Kilowatt (KW} One thousand walls.

Kilowatt Hours (KWH) A measure of energy
or work accomplished, being 1000 wait
hours.

Lamp Black Finely powdered carbon, used
as an ingredient in negative plate expander.

Lead (Pb) Chemical element used in [ead-
acid batieries {with sulfuric acid and other
malerials).

Lead Burning Welding of lead or lead alloy
parls.

Lead Hydrate A white compound of lead of
indefinite composition formed by the reaction
of very dilute elecirolyte or water on melallic
lead or lead alioys.

Lead Oxide A general term used io describe
any of the finely divided lead oxides used 1o
produce pasts for storags batieties.

Lead Peroxide A brown oxide of lead which
is the active material in a fully formed posi-
five plate. lts formula is PhOs.

Lead Plated Part A melallic part thal has had
a thin protective layer of melallic lead elec-
trodeposited on its surface.

Lead Sponge (Pb} The chief component of
the active maierial of a fully charged nega-
five plale.

Lead Sulphate {Pb50.) A compound resuli-
ing from the chemical action of sulfuric acid
on oxides of lead or lead metal itself.

Level Indicaler A float, mounted in a fioat
tube, or similar indication of the electrolyte
level.

Level Lines Horizontal lines molded andior
painted near fops of baltery jars, which indi-
cate minimum and maximum electrolyte
level.

Life Number of years of satisfactory float
operation or number of charge-discharge
cycles for motive power operation.

Lifting Ear An exiension on the the side
walls of a batlery iray provided with a hole or
slot, by means of which the batiery can he
lified.

Litharge {PbO) A yellowish-red oxide of lsad
{monexide), sometlimes used in making
active material.

Lecal Action Local action in a batlery is the
loss of otherwise usable chemical energy by
currents which flow within the cell of a bat-
tery regardless of iis conneclions 10 an
external Gircuit.

Lose of Charge The capacity loss occurring
in 4 cell or batlery standing on open circuit
as a resuil of local action.

Lug Porlion of grid used for support! of the
plaie group, usually along lop edgs of grid,
as ‘hanging lug.” Also, tab on grid used for
connection of plate to strap and other plaies.

Machine Casling A fully or semi-aulomatic
arid or small paris casiing operation.

Maintenance-Free Batlery Batllery which
requires no addition of water, no boost
charges, gic. This typically requires a non-
antimonial or low-antimonial grid alloy,
sealed cell design, or low-loss veniing.

Manual Discharge Capacily lest wherein the
connection and disconnection of the battery
and the test load are done by the operator
and the disconnection is made after all cells
have reached the prascribed final voltage.
With fixed resistance loads, boost cells are
used to keep the discharge rate fairly con-
slant as the test cell vollages drop rapidly
near the final vollage. Electronic load manual
discharges generally do not require boost
cells.

Marine Battery A batlery designed for ship-
beard installation to provide energy for
cranking service and the operation of emer-
gency lighting, alarm, and cormmunication
equipmen.

Microporous Sgparator Either a venser or a
grooved type separalor made of any material
in which the pores are numerous and micro-
scopically smali.

Mine Locomotive Batlery A cydle service
battery designed {o operale mine locomotive,
trarnmer, shutlle cars, and tunnel haulage
equipment.

Millivolt (MV) One thousandih part of a volt.

Modified Constant-Voltage Charge A
charge in which the voltage of the charging
circuit is held substantially constant; but a
fixed resistance is inseried in the battery ¢ir-
cuit, producing a rising voltage characleristic
al the batlery ierminals as the charge pro-
Oresses.

Mold A cast iron or steel form which conlains
the cavity into which molten metal is intro-
duced to preduce a casting of definile shape
and outline.

Mold Coat A preparation appiied o metal
molds in spray form which acts both as a
mold release agent and as an insulator
against rapid heat transfer.

Moid Spray
Ses MOLD COAT.

51

Moss Dendritic crystals of lsad (Pt} which
somelimes grow at high-current density
areas of negative plates, e.g. along edges, at
feet, or a plale lugs. May cause a short cir-
cuit within cell.

Moss Shield Plastic or hard rubber perforate
sheet which insulates the gaps between neg-
ative plates and the positive strap, and
between posilive plates and the negalive
strap.

Molive Power Batlery A cycle service bal-
tery designed 1o supply the energy
necessary to propsl and operale electrically
powered indusirial irucks, strest vehicles,
and mine locomatives.

Megative Plate Consists of the grid and
active material 1o which current flows from
the exlernal circuit when the ballery is dis-
charging.

Negative Terminal The terminal toward
which current flows {as ordinarily concsived)
in the external cireuil from ihe posilive lermi-
nal.

OMM A unit of electrical resistance.

One Shot Formation Jar formation under
conditions where end of formation specific
gravity is equal 10 the operating specific
gravily.

Open Circuit The state of a batlery when it is
nol connecled to either a charging source or
10 & load circuit.

Open Circuit Voltage The vollage at ifs ter-
minals when no appraciable currant is
flowing.

Organic Expander An expander formulation
which typically conlains barium sulfale and a
lignin typs erganic compound, with small
amount of other matsrials.

Oxide (of lead) A compound of lsad and oxy-
gen in one of several proportions such as
gray oxide, litharge, red lead, or lead perox-
ide usad to prepare batlery paste.

Panel Casting consisting of two or more
grids which has been made simultangocusly
in & single mold.

Parallel Assembly The arrangemend of celis
within a battery in which two or more cells
are connected across a common terminal so
that any current flow divides itself belween
the connecled celis.

Paraliel Conneclion See PARALLEL
ASSEMBLY.

Partition An interior dividing wall in a tray or
containgr.

Paste Mixture of lead oxide with water, sulfu-
ric acid, and sometimes other ingredients.

Paste Consistency A term used to include
all of the physical characteristios of the paste
density, plasticity and lexture.

Pasting Batllery assembly operation wherein
pasie is applied 1o grids by hand or by a
machine.

Pb Chemical symbol for lsad.
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PO Chemical symbol for litharge.

PbO2 Chemical symbol for lead peroxide
{diaxide).

Peliet That portion of pasted material con-
tained in a grid section framed by adjacent
horizontal and vertical numbers exclusive of
forming bars.

Perforated Retainer A thin sheel of perforat-
&d plastic material installed so as 1o cover
gach face of a positive plale 1o prevent the
loss of active material. 1t is normally used in
gonjunclion with one or mare layers of glass
insulating maierial.

Peroxide
See “LEAD PERCXIDE"

Pig A cast bar of lead or lead alloy.

Pig Lead A grade of highly refined unalloyed
lgad.

Pilot Cell A selecied cell of a storage batlery
whose lemperalure, voltags, and spscific
gravity are assumed 1o indicate the condition
of the enlire baltery.

Plate A pasted grid, either formed or
unformed,

Plate Centers The distance betwsen center
lines of adjoining plates of cpposile polarity
in a csll. The plate center is, therefore, one-
half of the size of a sirap center upon which
ihe plates of a like polarity are burned.

Pelarity An elecirical condition delermining
tha direction in which current 1ends to flow.
By common usage the discharge current is
said 1o flow from the positive slecirode
through the external circuit.

Polarization The change in vollage al the
terminals of the cell or bailery when a speci-
fied current is flowing, and is equal 10 the
difference between the aclual and the equi-
librium {constant open circuit condition)
poientials of the plates, exclusive of the IR
drop.

Porosity The ratio of interstices {voids) in a
maierial 16 the volume of its mass.

Bositive Plates Consists of the grid and the
active material from which current flows to
the exiernal circuit when the ballery is dis-
charging.

Positive Terminal The terminal from which
current flows {as ordinarily conceived)
through the external circuit 1o the negative
terminal when the cell discharges.

Pest Terminal or olher conducior which con-
nects the plate group sirap 1o the outside of
the celi.

Post Builder A ring shapad mold used to
rgpair damaged batiery posts.

Potential
See VOLTAGE.

Primary Cell
See CELL PRIMARY.

Pure Lead
See PIG LEAD.

Rated Capacity The ampere hours of dis-
charge thal can be removed from a fully
charged secondary cell or battery, at a spe-
dific constant discharge raie at a specified
discharge lemperalure and al specified cut
off voltags.

Rate of Charge
See “STARTING RATE" “FINISHING RATE"

Raw Plate An unformed plaie.

Rectifier A device which converls altemating
current {AC) into unidirectional current {DC)}
by virtue of a charadteristic permitling appre-
ciable flow of current in only one direction.

Red Lead {Pb:0,) A red oxide of lead used in
making active malerial.

Hesistance The opposition thal a conductor
offers 1o the passage of an electrical current,
usually expressed in chms.

Resistor A device used to introduce resis-
tance inlo an electrical circuit.

Retalner A shest of glass mat, perforated or
slofled rubber, plastic, or some other salis-
factory malerial installed on each face of the
positive plates in certain iypes of cells, 1o
deler the loss of active malerial.

Rib A vertical or nearly vertical ridge of a
grooved separalor or spacer.

Run Down A small porlion of metal thal has
dropped on o a plaie, group or element in
the course of buming. It may resull in a short
circuit.

Sealing Manufacturing opseration for altach-
ing covers o jars by cement, sealing
cormpound, or thermal fusion.

Sealing Compound An asphalt mixiure of
several types differing in heat resistancs,
adhesion, and resistance {o shearing. H is
used for ssaling cell covers to the jars or
containers. See compound.

Secondary Lead Reclaimead lead as
opposed io virgin lead.

Sadiment The leady sludge or active materi-
al shed from 1he plates and found in the
botiom of calls.

Sediment Spage The portion of a jar or con-
tainer compariment beneath the slement,
provided 1o accornmodale a cerlain amount
of sadiment from the wearing of the plales,
without shor circuiting.

Self Discharge Loss of charge due to local
aotion.

Separator A device employed in a storage
pattery for preventing meatallic contact
hetween the plates of opposile polarily within
the cell, while allowing passage of electralyte.
See “MICROPOROUS SEPARATOR.

Separaior Protector
See “MOSS SHIELD™.

Shedding Loss of active material from the
plales.

Short Circuit Current The current which
flows when 1he two terminals of a cell or bal-
tery are inadvertently connecied io each
other.
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SL1 Battery Battery for automotive use in
starting, lighling, and ignition.

Shiver, Slyver Extremely fine, parallel glass
fibers used next to posilive plate in retainers,
1o ratard shedding.

Smelting The process by which the major
poriion of lead and antimory are recovered
from scrapped batleries and batlery manu-
faclure scrap.

Soaking A process, whereby cerfain types of
plates are soaked in sulfuric acid, after past-
ing. Soaking provides a proteciive surface,
and alse a supply of sulfate helpful in jar for-
mation and tank formation.

Soda Ash Sodium Carbonate {Na?Ch?3),
used 1o neutralize sffluents containing sulfu-
ric acid, or acid spills.

Spine Cast Pb alloy conductor for tubular
posilive plaie.

Sponge Lead (Pb) The chief malserial of a
fully charged negative plate. It {s & porous
mass of lsad crystals.

Stacking Cell assembly opesration wherein
plaies and separators are aliernately piled in
a burning box prior 10 cast-on or burning-on
of siraps and posts.

Stacking Fixiure or Stacking Jig The fixture
or device used 1o stack and burn elemesnts.

Standing Loss The loss of charge by an idle
sell or battery, resulting from local action.

Starting Rate The number of amperes at
which the charging of a slorage batlery may
be begun without producing gassing or bub-
bling of the slecirolyle, or a cell temperature
in excess of 110°F {43°C.}

State of Charge The amouni of electrochenm-
ical energy left in a cell or ballery.

Stationary Battery A stationary batlery is a
storage batiery designed for service in a per-
manent position.

Strap Precast or cast-on piece of lead or
lead alloy usad o connsct plales into groups
and 1o connect the groups 1o the post.

Strap Center Spacing between centsrs of
adjacen plaies in a group.

Stratification As applied 1o eleclrolyte il is
layers of high gravily acid in the lower por-
tions of a cell, where they are outl of touch
with the ordinary circulation of the elsetrolyle
and thus of no use.

Sulfated A ferm used 1o describe any plate
ar cell whose active matsrials confain an
appreciable amount of lsad sulfate.

Sulfatien The formation of lead sulfate on a
plate or cell as a resull of discharge, self-dis-
charge, or pickling.

Sulfuric Acid {H280%) The principai acid
compound of sulfur. Sulfuric acid of a high
purity and in dilute form is the slectrolyle of
lead-acid slorage cells.

Tank Formatien The electrolylic processing
of plales in large lanks of acid, at a poirt of
manufacture priar 1o assembly. See also
“FORMATION “DUMMY FORMATION".



GLOSSARY (cont.)

Temperature Correction In slorags cells,
the specific gravily and charging voliage vary
inversely with temperaiure, while the open
circuii voltage varies direcily {lhough slightly}
with temperature.

Terminale The terminals of a batlery are the
points al which the external circuil is con-
nected.

Terminal Cable A length of insulated cable,
one of which is connected lo the terminal
pust of a baliery, the olher end being fitled
with & suitable dsvice {plug, recepiacle, iug,
eic.} for connection 1o an external circuit.

Tinning The process of coating a metal sur-
face with a thin layer of molten tin or tin alloy.

Tray Steel enclosure for motive power bat-
tery cells.

Treeing Growlh of a lead dendrite or filament
through a hole, crack, or largs pore of & sep-
araior, whereby the cell is short-circuited.

Trickle Charge A irickle charge of a slorage
battery is a continuous charge at a low rate
approximalely equal 1o the internal losses
and suitable to maintain the battery in a Tully
charged condition.

Tubular Plate Positive battery plate made
from a cast spine and porous fubes which
are filled with paste or dry oxide.

TVR A lemperalure compensaling vollage
relay used in charging equipment.

Two Rate Charging An automatically con-
trolled consiant current or modified constant
potential charging procedure. The charge is
begun al a fairy high rate and is automatical-
ly reduced o a lower raté when ths counter
voltage rises 10 a predetermined level.

Unactivated Storage Life The period of time
before a dry charged cell deteriorates 1o
have lass than a specified capacity.

Uncharged The condition of a baltery
assembled with formed plales bul nol yel
having received its initial charge, are classi-
fied sither uncharged and moist, or
uncharged and dry.

Uncharged and Dry A condition in which a
battery or cell may be shipped to a cuslomer.
This indicates that the batiery is assembled
with formed plales and dry separators wilh-
out elgctrolyte. Filling and a charge arg
required.

Uneharged and Moist A condition in which a
battery or cell may be shipped to a customer.
Adopted by BCl and indicates that the bat-
tery is assembled with formed plales and
moist or wet wood separators, without
elecirolyle. Filling and a long charge are
required.

Unformed A term used 1o describe any plale
which has not been slectrically formed - it
may be dry or moist, cured or uncured,
soaked or unsoaked.

Useful Acid The volume of acid above the
lower edges of the plales which takes part in
the discharge reactions that ocour within a
cell.

Vacuum Cell Filler A devics used to fill cells
in the charging room in which a vacuum is
used to withdraw the air displaced by the fill-
ing elecirolyle.

Vent An opening provided 1o permil the
escape of gas from a cell or mold.

Vent Assembly A cell venling device con-
sisting of a ceramic vent stone and filler
funnel assembled on a threaded or a quarter
turn bayonet base.

Vent Baffle A thin disc located in a vent cap
or plug 16 deflect spray back inlo the cell.

Vent Cap
See VENT PLUG.

Vent Plug The piece or assembly of pieces
employed to seal the vert and filling well of a
cell cover except for a small hole in the plug
itsell which permils the escape of gas. Venl
plugs are usually held in place either by
threads or by a quansr tum catch {bayonst
vent plug}, or by a snap-in fil.

Vent Well The hole or holes in & cell cover
through which gas escapes, fluids are added
or the elecirolyie level is chacked. The vent
plug or vent assambly fits inlo the vent well.

Verticals The vertical bars of members or
members in a pasted plale grid.

Voit The practical unit of measurement of
electro-malive foree or potential difference
required 10 send a current of one ampsre
through a resistance of one ohim.

Volt Efficlency The ratio of ihe average volt-
age of cell or batlery during discharge 1o the
average voltage during its subseguent
racharge.

Voltage The difference of potential which
exists between the terminals of a celi or bai-
tery, or any two points of an electrical circuit.

Voltage Range The difference between the
maximum and minimum cell voliagses that
exist within a ballery or string of cells when
all of the cells are charging or discharging.

Voltmeter An instrument for measuring voli-
age.

Watering Adding water fo ballery slectrolyie
ic replace electrolysis and evaporaiive loss-
85,

Watt A measure of electric power: The prod-
uct of amperes and volls.

Watthour A measure of energy or work
accomplished, being product of the rate of
work in walls and the time in hours, or the
product of ampers hours and the averags
voltags.

Watthour Capacity The number of waithours
which can be delivered under specific condi-
tions as 1o temperaturs rate of discharge and
final voltage.

Watthour Efficiency The watthour sfficiency
of a slorage battery is the energy sfficiency
expressed as ihe ralio of the waithour output
to the watthours of the recharge.

53

Watthour Meter A watthour meter is an slec-
iric motor that measures and regisiers
electrical energy in watthours {or kilowatt
hours}.

Wet Shelf Life The period of lime a wet sec-
ondary cell can be siored before ifs capacity
has fallen 10 the point that the cell cannol be
sasily recharged.

Wrapping Assembly opseration wharsin
molive power posilive plaies are covered by
silver, glass mat, and retainer.
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KELIER TTCHNICAL

World's Largest and Most Modern Single-Site Battery Manufacturing Facility

Since 1996, East Pann has been producing fgh quality battenas
and battery accessonesfor the autometiva, commearcial, marins,
industrial, stationary, and specialty markets,

Facilities at its 520-acre manufactunng complex at Lyon Station,
PA includa four automstrve battery plants, an industnial battary
plant, a specialty battery plant, a state-of-the-art oxide facility, an
mnovativa recycling nfrastructura, and dozans of varhically
integratad capabilives and other support faciliies. An additional
manutacturing faciity in Corydon, 14 helps accommodate
widaspraad growth. East Pann owns and operates a wire, cabla,
and battery accessory plant and a multiple facility distribution
center just miles ayway from its Lyon Station complex.

S EASTPENN

Newi ligh-tech facilities and computer memtonng and control
systems have made the company an mdustry leader in advanced
battery manufactoring,

Ezst Ponn’s quality manufacturmg is recognized worldwide and
has met tha global requiremants of 150 5001 and ISO/TS 16349
certification standards. East Penn is also a leader in innovative
recycling and has mat global environmantal requiremants of 180
119001 certification standards,

Staffed with a long-term managemeant team, East Penn is an
indapandent company committed to the futura and dedicatad to
producing high-class products and sarvice to assure complete
satistaction, above and beyond the mdustry standard, to our
partmars and customars worldwada.

East Penn Manufactning Co.  Lvin Stalun, PA 1S6EE0147  Phane 8108825301

EP.M Form Ko D556 2416

@016 by EFT Frimed In LLE &

Fax BI0-6324781  Order Hotling 6106

Al dets subpect o change wrhoul notce. Mo pert of s documen reaw be ooped or
reproduced elkectronially o nechanicall, withoa! witden pemiizscn from the com pares:
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APPENDIX IV

Battery
Safety Data Sheet (SDS)






o SAFETY DATA SHEET
K EA SWN” LEAD ACID BATTERY WET,

FILLED WITH ACID

SECTION 1: PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME: Lead Acid Battery Wet, Filled With Acid
OTHER PRODUCT Electric Storage Battery, UN2754
MAMES:
MANUFACTURER: East Penn Manufacturing Company
ADDRESS: Deka Road

Lyon Station, PA 19536 USA
EMERGENCY TELEPHONE NUMBERS: US/CN: CHEMTREC 1-800-424-9300

Cutside USCN, CHEMTREC 1-T03-527-3887

NON-EMERGENCY HEAL TH/SAFETY INFORMATION: §10-652-6361
CHEMICAL FAMILY: This product is & wet lead acid storage battery. May also include gelfabsorbed elecirciye

lead acid battery types.,

PRODUCT USE: Industrial Commercial electrical starage batteries.

SECTION 2: HAZARDS IDENTIFICATION

GHS Classification:

Health Environmental Physical
Acute Toxicity — Calegory 4 Aguatic Chronic — 1 Explosive Chemical, Division 1.3
Skin Cormrosion = Category 1A Aguatic Acute =1

Eye Damage — Category 1
Reproductive = Category 14
Carcinogenicity (leadi- Category 1B
Carsinogenicity (arsenic)— Category 14
Carzinogenicityl acid misti-Categoryi &
Specific Target Organ Toxicity
{repeated exposure) ~-Category 2

GHS Label:
VA

Signal Word: DANGER !

PAGE T OF 8 East Penn Manufaciuring Co.
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SAFETY DATA SHEET
LEAD ACID BATTERY WET,

FILLED WITH ACID

Hazard Statements
Haalth

Harmiful if swallowed, inhaled, or in contact with skin_
Causes severe skin burms and eye damage.

Causes serious eye damage

May damage fertility or the unborn child if ingested or
inhaled

May cause cancer if ingested or inhaled.

Causes damage to central nervous system, blood and
kidneys through prolenged or repeated exposure if
ingested of inhaled

May cause harm to breast-fed children,

Wery toxic o aquatic life with long lasting effects.

Physical

May form explosive air/gas mixture during charging.
Extremely flammable gas (hydrogen).

Explasive; fire, blast or projection hazard.

Obtain special instructions before use,

Do not handle until all safety precautions hawe been read
and understood,

Precautionary Statements
Prevention

Wash thoroughly after handling.

Do not eaf, drink or smoke when using this product.
Waear protective glovesiprotective clothing, eye protection/face
protection

Avaid breathing dust/fume/gas/mistivaporsfspray

Use only cutdoors or in a well-ventilated area.

Causes skin irritation, serious eye damage.

Contact with internal components may cause irritation or
severe bums.

Avoid contact with internal acid

Irritating to eyes, respiratory system, and skin,

Avwoid contact during pregnancyfwhile nursing.

Response

IF SWALLOWED OR CONSUMED: rinse mouth, Do NOT
induce vomiting.

Call a poison centerfdoctor if you feel unwell.

IF QM CLOTHIMG OR SKIM (or hair): Remove/Take off
irnmediately all contaminated clothing and wash it before
reuse, Rinse skin with water/shower,

IF INHALED: Remove person tofresh air and keep
comfortable for breathing,

Immediately call a POISON CENTER or doctorfphysician.

IF IN EYES: Rinse cautiously with water for several minutes,
Remowve contact lenses | if present and easyto do. Centinue
rinsing,

I exposediconcerned, of If you fesl unwell seek medical
attention/advice.

Storage and Disposal

Store locked up, n a well-ventilated area. In accordance with
local and national regulation

Avold release to the envirenment

Collect spillage.

Dispose of contents/container in accordance with localf
regional/nationalinternational regulations.

Keep away from heat/sparksiopen flames/hot surfaces
Mo smoking

Use only cutdoors or in well ventilated area

Keep out of reach of children

EMERGENCY OVERVIEW:

Miay form explosive airfgas mixture during charging. Contact with internal components

rmay cause imitalion or severe bums. Imitating to eyes, respiratory system, and skin.
Prelenged inhalation or ingestion may result in serious damage to health. Pregnant
women exposed to internal components may experience reproductivefdevelopmental

effects,

Additionsl Infermafion

Ma health effects are expected related to normal use of this product as sold.

| SECTION 3: COMPOSITIONANFORMATION ON INGREDIENTS

INGREDIENTS (Chemical/Common Names):

Lead and Lead Compounds, inorganic
Eleciralyte { Sulfuric acid and water)
Antimony

PAGE2OFS

CAS No.: 35 by Wi EC No.:

T439-82-1 43-70 (average: §5) 231-100-4
T564-823-9 20-44 {average: 25) 231-638-5
T440-38-0 0-4 (average: <1) 231-146-5

East Penn Manufaciuring Co.




SAFETY DATA SHEET

> EA Sﬂ”” LEAD ACID BATTERY WET,

FILLED WITH ACID

Polypropylene 8003-07-0 510 (average: 8) A,
MA — Mot applicable/MD — Mot determined

Additional Information
These ingredients reflect compenents of the finished product related to performance of the preduct as distributed into

commerce. Inorganic lead, lead compounds and electrolyte (sulfuric acid) are the primary components. Other metals (ie, Sn,
Cu, As) may be present at concentrations below the applicable reporing threshald.

SECTION 4: FIRST AID MEASURES

EYE CONTACT: Sulfuric Acid and Lead: Flush eyes immedately with large amounts of water for at least 15 minutes
while lifing hids. Seek immediate medical atention if eyes have been exposed dreclly to acid,

SKIN CONTACT:  Sulfurle Acld: Flush affected area(s) with large amounts of water using deluge emergency shower, if
available, shower for at least 15 minutes, Remove contaminated clathing, including shoes | If
symptoms persist, seek medical attention. Wash contarminated clothing before reuse. Discard
contaminated shoes.

Lead: Wash immediately with scap and water.
INGESTION: Sulfuric Acid: Give large amounts of water. 0o NOT induce vomiting of aspiration into the lungs
may occur and can cause permanent injury or death; consult physician.
INHALATION: Sulfurie Acid. Remaove to fresh air immediately, If not breathing, give adificial respiration, If
breathing is difficult, give cxygen. Consult a physician.
Lead: Remove from exposure, gargle. wash nose and lips, consult physician,

SECTION 5: FIRE-FIGHTING MEASURES

FLASH POINT: Mat Applicable

FLAMMAEBLE LIMITS: LEL= 4.1% {Hydrogen Gas in air); UEL=74 2%

EXTINGUISHING MEDIA: CO; ;foam, dry chemical, Do nof use carbon dioxide directly on cells, Avoid breathing vapors,
Use appropriate media for surrounding fire.

FIRE-FIGHTING PROCEDURES: Use positive pressure, self-contained breathing apparatus, Beware of acid splatter during
water application and wear acid-resistant clothing, gloves, face and eye protection. If batteries are on charge, shut off power
fo the charging equipment, but note that strings of series connected batteries may still pose risk of electric shock even when
charging equipment is shut down.

HAZARDOUS COMBUSTION PRODUCTS: Highly flammable hydrogen gas is generated during charging and cperation of
batteries, If ignited by burning cigareite, naked flame or spark, may cause battery explosion with dispersion of casing
fragments and corresive liquid elecirolyte. Carefully follow manufacturer's instructions for installation and service. Keep away
all sources of gas ignifien and do net allow metallic articles to simultanecusly contact the negative and positive terminals of a
battery.

Inif i
Fire-fighting water runcff and dilution water may be toxic and corrosive and may cause adverse environmental impacts.

| SECTION 6: ACCIDENTAL RELEASE MEASURES

Stop flow of material, contain/absorb small spills with dry sand, earth, and vermiculite, Do not use combustible materials. If
possible, carefully neutralize spilled elecirolyte with soda ash, sedium bicarbonate, lime,etc. Wear acid-resistant clething,
boots, gloves, and face shield. Do not allow discharge of un-neutralized acid to sewer. Acid must be managed in accordance
with approved local, state, and federal requirements. Consult state environmental agency and/or federal EPA

Additionsl Infermation
Lead acid batteries are recyclable. Contact your East Penn representative for recycling Information

| SECTION 7: HANDLING AND STORAGE

Handling: Unless involved in recycling operations, do not breach the casing or empty the contents of the battery. Handle

PAGE3OFQ East Penn Manufaciuring Co.



SAFETY DATA SHEET
LEAD ACID BATTERY WET,
FILLED WITH ACID
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carefully and aveid tipping. which may allow electrolyte leakage. There may be increasing risk of electric shock from strings
of connected balteries. Keep containers tightly closed when not in use. If battery case is broken, avoid contact with intermal
compenents. Keep vent caps on and cover terminals to prevent short circuits. Place cardocard between layers of stacked
automative batleries to avold damage and short circuits. Keep away from combustible materials, erganic chemicals, reducing
substances, metals, strong oxidizers and water. Use banding or stretch wrap to secure items for shipping.

Storage: Stors batteries under roof in cool, dry, well-ventilated areas separated from incompatible materials and from
activities that may create flames, spark or heat, Store on smooth, impervious surfaces provided with measures for liquid
containment in the event of electrolyte spills. Keep away from metallic objects that could bridge the terminals on a baftery
and create a dangerous short-circuit

Charging: There is a possible risk of eleciric shock from charging equipment and from strings of series connected balteries,
whether or not being charged, Shul-off power to chargers whenever not in use and before detachment of any circuit
connections, Batterles being charged will generate and release flammable hydrogen gas. Charging space should be
wvenfilated. Keep battery vent caps in position. Prchibit smoking and aveid creation of flames and sparks nearby. Wear face
and eye protection when near batteries being charged.

| SECTION 8: EXPOSURE CONTROLS/PERSONAL PROTECTION

Exposure Limits (mg/m®)

Ingredients OSHA PEL ACGIH US NIOSH Quebec PEV Ontario OEL EU OEL
Lead, 0.05 0.05 0.05 0.05 0.05 0,15 (b)
inorganic

Antimony 0.5 0.5 0.5 0.5 0.5 0.5 ib,d}
Tin 2 2 2

Copper 1 1 1 1 1{a) 0.1 (e}
Arsenic 0.0 0.01 0.0

Sulfuric Acid 1 0.2 1 1 0.2 0.05 ()
Polypropylena N.E. N.E. N.E. N.E. N.E. N.E.

(a) As dusts/mists (b) As inhalable aerosol (¢) Thoracic fraction (d) Based on QEL's of Austria, Belgium,
Denmark, France, Netherlands, Switzerland, & UK. (g} Based on OEL of Netherlands

ENGINEERING CONTROLS/SYSTEM DESIGN INFORMATION:

Store and handle in well-ventilated area. |If machanical ventilation is used. components must be acid-rasistant . Handle
balteries cautiously, do not tip to aveid spills. Make certain vent caps are on securely, If battery case is damaged, avoid
bedily contact with intemal compenents. Wear pratective clathing, eye and face protection, when filling, charging, ar handling
batteries, Do not allew metallic materials to simultaneously contact both the positive and negative terminals of the batteries,
Charge batteries in areas with adequate ventilation. Seneral dilution ventilation is acceptable.

RESPIRATORY PROTECTION (NIOSH/MSHA approved):
Mone reguired under nomal conditions. When concentrations of sulfuric acid mist are known to exceed PEL, use NIOSH or
MSHA-approved respiratory protection.

EYE PROTECTION:
If battery case is damaged, use chemical goggles or face shield.

SKIN PROTECTION:
If baftery case is damaged, use rubber or plastic acid-resistant gloves with elbow-length gaunfiet, acid-resistant apron,
clothing and boots.

OTHER PROTECTION: In areas where water and sulfuric acid solutions are handled in concentrafions greater than 1%,
emergency eyewash stations and showers should be provided, with unlimited water supply, Chamically impervious apron
and face shield recommended when adding water or electrolyte to balteries,

Wash Hands after handling.

PAGE 4 OF 9 East Penn Manufaciuring Co.
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Additicnal Infermalfion

s Balleries are housed in polypropylene cases which are regulated as total dust or res.gltahle dust only when they are
greund up during recycling. The OSHA PEL for dust is 15 mg.n‘m? as total dust or 5 m@/m” as respirable dust.

«  May be required to meet Domestic Requirements for a Specific Destination(s).

SECTION 9: PHYSICAL AND CHEMICAL FROPERTIES

APPEARANCE: Indusirial/commercial lead acid battery

ODOR: Odorless

ODOR THRESHOLD: Manufactured article; no apparent odor, Electrolyte is a clear liguid with a sharp,
penetrating, pungent odor

PHYSICAL STATE: Sulfuric Acid: Liquid; Lead: solid

pH: ~to2

BOILING POINT: 203-240° F (as sulfuric acid)

MELTING POINT: MA

FREEZING POINT: MA

VAPOR PRESSURE: 10 mmHg

VAPOR DENSITY (AIR =1): =1

SPECIFIC GRAVITY (H20 =1): 1.215-1.350

EVAPORATION RATE (n-BuAc=1): <1

SOLUBILITY IN WATER: 100% (as sulfuric acid)

FLASH POINT: Eelow room temperature (as hydrogen gas)

AUTO-IGNITION TEMPERATURE: A
LOWER EXPLOSIVE LIMIT {LEL): 4% (as hydrogen gas)

UPPER EXPLOSIVE LIMIT (LUEL): 74% (as hydrogen gas)
PARTITION COEFFICIENT: A
VISCOSITY (poise @ 25° CJ: Mok Available

DECOMPOSITION TEMPERATURE:  MNot Available

SECTION 10: STABILITY AND REACTIVITY

STABILITY: This product is stable under normal conditions at amblent temperature.
INCOMPATIBILITY (MATERIAL TO AVOID): Electrolyte: Contact with combustibles and organic materals may cause
fire and explosion, Also reacts viclently with strong reducing agents,
metals, sulfur tricxkide gas, streng oxidizers, and water. Contact with
metals may produce toxic sulfur dioxide fumes and may release
flammable hydrogen gas.
Lead compounds: Avald contact with strong acids, bases_ halides,
halogenates. potassium nitrate, permanganate. peroxides, nascent
hydragen, and reducing agents,
Arsenic compounds: strong oxidizers; bromine azide. MOTE: hydrogen
gas can react with inorganic arsenic to form the highly toxic gas-arsine

HAZARDOUS DECOMPOSITION BY- Electrolyte: Sulfur tricxide, carben menoxide, sulfuric acid mist, sulfur
PRODUCTS: dicxide, hydrogen sulfide.

Temperatures above the melling point are likely to
produce toxic metal fume, vapor, or dust; contact with strong acid or
base or prescence of nascent hydrogen may generate highly toxic arsine
gas.

HAZARDOUS POLYMERLZATION: Will net occur
CONDITIONS TO AVOID: Frolonged overcharge at high current; sources of ignition

SECTION 11: TOXICOLOGICAL INFORMATION

ACUTE TOXICITY (Test Results Basis and Comments):
Inhalation LD
Eleciroiyte: L5y rat 375 mg/m’ ; LCxy guinea pig: 510 mgim®
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X EA SHN” LEAD ACID BATTERY WET,
FILLED WITH ACID

Elemental Lead: Acute Toxicity Point Estimate =4500 ppm V' (based on lead bullion)
ic: Mo data
Oral LDsa:
Electrofyte: rat 2140 makg
Elemental Lead: Acute Toxicity Estimate (ATE) = S00mg/ikg body weight (based on lead bullion)
Elemental Arsenic: LDsp mouse: 145 mg/kg
Elemental Antimony: LD:o rat: 100 makg

Routes of Entry: Sulfuric Acid; Harmful by all routes of entry. Lead Compounds: Hazardous exposure can occur only when
product is heated, oxidized or otherwise processed or damaged to create dust, vapor of fume, The prescence of nascent
hydrogen may generate highly toxic arsine gas.

Inhalation: Sulfuric Acid: Breathing of sulfuric acid vapors or mists may cause severs respiratory irritation
Lead Cornpounds: Inhalation of lead dust o fumes may cause irftation of upper respiratory tract and lungs,

Ingestion: Sulfuric Acld: May cause severe irritation of mouth, throat, esophagus and stomach. Lead Compounds: Acute
ingestion may cause abdominal pain, nausea, vomiting, diarrhea and severe cramping. This may lead rapidly to systemic
toxicity and must be treated by a physician,

Skin Contact: Sulfuric Acid : Severe irritation, burns and ulceration. Lead Compeounds: Mot absorbed through the skin.
Arsenic Compounds: Contact may cause dermafitis and skin hyperpigmentation .

Eye Contact: Sulfuric Acid: Severe imitation, burns, cornea damage, and blindness.
Lead Compounds: May cause eye irritation.

Effects of Overexposure Acute: Sulfuric Acid - Severe skin irritation, damage to comea, upper respiratory irmtation. Lead
Compounds: Symptoms of toxicity include headache, fatigue, abdominal pain, loss of appetite, muscular aches and
weakness, sleep disturbances and irritability.

Effects of Overexposure — Chronic: Sulfuric Acid : Possible erasion of tooth enamel, inflammation of nose, throat &
pronchial tubes. Lead Compounds: Anemia; neuropathy, particulany of the motor nenves, with wrist drop; Kidney damage,
reproductive changes in males and females. Repeated exposure (o lead and lead compounds in the workplace may result in
nervous system toxicity. Some toxicologists report abnormal conduction velocities in persons with blood lead levels of
S0pgM00 mil or higher. Heavy lead exposure may result in central nervous system damage, encephalopathy and damage to
the blood-forming (hematopoietic) tissues.

Carcinogenicity: Sulfuric Acid : The International Agency for Research on Cancer (JARC) has classified "strong inorganic
acid mist containing sulfuric acid” as a Category | carcinogen, a substance that is carcinogenic to humans. This classification
dees not apply to liguid forms of sulfuric acid or sulfuric acid solutions contained within a battery. Inorganic acid mist (sulfuric
acid mist) 15 not generated under normal use of this product. Misuse of the product, such as overcharginging, may result in
the generation of sulfuric acid mist, Lead Compounds: Lead is listed as a 2B carcinogen, likely in animals at extreme doses,
Proof of carcinoegenicity in humans is lacking at present. Arsenic: Listed by Mational Toxicology Program (NTP), Intermational
Agency for Research on Cancer (IARC), OSHA and MIOSH as a carcinogen only after prolonged exposure at high levels,

Medical Conditions Generally Aggravated by Exposure: Owversxposure to sulfuric acid mist may cause lung damage and
aggravale pulmonary conditions. Contact of sulfuric acid with skin may aggravate diseases such as eczema and contact
dermatitis. Lead and its compounds can aggravate some forms of Kidney, liver and neurologic diseases

Additional Health Data:

All heawy metals, including the hazardous ingredients in this product, are taken into the bady primarily by inhalation and
ingestion. Mest inhalation problems can be aveided by adequate precautions such as ventilation and respiratory protection
coverad in Section 8, Follow good parsonal hygiena to avoid inhalation and ingestion: wash hands, face, nack and amms
thoroughly before eating, smcking or leaving the work site. Keep contaminated clothing out of non-contaminated areas, or
wear cover clothing when in such areas. Resirict the use and presence of food, tobacco and cosmetics to non-contaminated
areas. Work clothes and work equipment used in contaminated areas must remain in designated areas and never faken
home or laundered with personal non-contaminated clothing. This product is intended for industrial use only and should be
isolated from children and their environment

The 19" Ammendment to EC Directive 67/548/EEC classified lead compounds, but not lead in metal form, as possibly toxc to
reproduction. Risk phrase 61 May cause harm to the unborn child, applies to lead compounds, especially soluble forms.
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SAFETY DATA SHEET
LEAD ACID BATTERY WET,
FILLED WITH ACID

| SECTION 12: ECOLOGICAL INFORMATION

Environmental Fate: Lead is very persistent in scil and sedimenis. Mo data on environmental degradation. Mobility of
metallic lead between ecological compantments is slow. Bicaccumulation of lead eceurs in aquatic and terrestrial animals and
plants but liffle bicaccumulation occurs through the food chain. Most studies include lead compounds and not elemental lead.

Environmental Toxicity:
Sulfuric acid: 24=hr LC¢, fre

sh water fish (Brachydanio rerio)- 82 mgA

6-hr LOEC, fresh water fish (Cyprinus carpia): 22 mal (lowest observable effect concentration)

Lead A8-hr LTz modeled for aquatic inverebrates). <1mg/L, based on lead bullion
Arsenic: 24-hr LC s, freshwater fish (Carrassisus auratusi=5000g/L
additional Infermation

» Moknown effects on stratos
+ \olatile organic compounds

pheric czone depletion.
o 0% {by Volume)

» Water Endangenng Class (WGK): HA

| SECTION 13: DISPOSAL COMNSIDERATIONS (UNITED STATES)

WASTE DISPOSAL
METHOD:

Spent batterias: Send to secondary lead smelter for recyeling. Contact your East Pann Mfg.
representative for more information related to lead acid battery recycling. Spent lead acid
batteries are not regulated as hazardous waste when the requirements of 40 CFR Section
266.80 are met. If applicable; EPA hazardous waste number D002 {corresivity) and DO0S
{lead). Electrolyte: Place neufralized slurry into sealed acid resistant containers and
dispose of as hazardous waste, as applicable. Large water diluted spills, after neutralization
and testing, should be managed in accordanca with approved local, state, and federal
requirements, Consult state environmental agency andior federal ERA

Faollow local, State/Provincial, and Federal/Mational regulations applicable to as-used, end-
afHife characteristics to be determined by end-user

[ SECTION 14: TRANSPORT INFORMATION

OOT rules specified in 49 CFR 1

73.1359 Batteres, wet, regulate the transport of wet spil able batteries.

49 CFR 173,155 (e) specifies that when transported by highway or rail, electric storage batteries containing elestrolyte o
corrosive battery fluid are not subject to any other requirements of this subchapter, if all of the following are met:
(1) Mo cther hazardous matenals may be transported in the same vehicle;
(2} The batteres must be loeded or braced so as to prevent damage and shert circuits in transit;
(3} Any other material leaded in the same vehicle must be blocked, braced, or otherwise secured to prevent contact with
of damage to the balteries; and
(4) Thetransport vehicle may not carmy material shipped by any person other than the shipper of the battenies.

If any of these requirements are
materials.

Proper Shipping Mame

Hazard Class

Packing Group

AIRCRAFT - ICAOJATA:
Praper Shipping Mame

Hazard Class

Packing Group

not met, the batteries must be shipped as fully regulated Class 8 Comosive hazardous

Batteries, Wet, Filled with Acid

Reference [ATA packing instuctions 870

Proper Shipging Mame
Hazard Class
Packing Group

1D Murnber UN2794
MNA Labels Comosive
Batteries, Wet, Filled with Acid
] 1D Nurmber UNZ794
MHA Labels Comosive
Batteries, Wet, Filled with Acid
& 1D Mumber UMNZ794
MA Labels Corrosive

Reference [MDG packing insfructions P8O
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SAFETY DATA SHEET
—
X Eﬂ SWN” LEAD ACID BATTERY WET,
FILLED WITH ACID
Additional Infermation

Transport requires proper packaging and paperwork, including the MNature and Quantity of goods, per applicable
ongin/destination/customs peints as-shipped.

I SECTION 15: REGULATORY INFORMATION

INVENTORY STATUS:
All components are listed on the TSCA; EINECS/ELIMCS; and DSL, unless noted otherwise below.

U.S. FEDERAL REGULATIONS:
TSCA Section 8b — Inventory Status: All chemicals comprising this praduct are aither exempt or listed on the TSCA
Inventory.
TSCA Section 12b - (40 CFR Part 707.8Mb)) Mo nclice of export will be reguired for articles, except PCB articles, unless
the Agency so requires in the context of individual section 5,6, or ¥ actions.
TSCA Section 13 —(40 CFR Fart 707.20); Mo import certification required (ERA 305-B-89-001, June 1959, Introduction to
the Chemical Import Requirements of the Toxic Substances Control Act, Section IV A)

RCRA: Spent Lead Acid Balteries are subject to streamlined handling requirements when managed in compliance with
40 CFR section 266 80 or 40 CFR part 273, If applicable, EPA hazardous waste number DOOZ (corrosivity) and DO0S
{lead).

STATE REGULATIONS {US): *Proposition 65 Waming Battery posts, terminals and related accessories contain
lead and lead compounds, chemicals known to the State of California to cause cancer and reproductive harm.
Batteries also contain other chemicals known to State of California to cause cancer. Wash hands after handling.

EPA SARA Title Il
L : Sulfuric acid is a listed “Extremely Hazardous Substance”

under EPCRA, with a Threshold Planning Quantity (TPQ) of 1,000 lbs. EPCRA Section 302 notification is required if 500
Ibs. or more of sulfuric acid is present at one site (40 CFR 370.10). For more information consult 40 CFR Part 355.
Section 304 CERCLA Hazardous Substances: Reportable Quantity (RQ) for spilled 100% sulfuric acid under CERCLA
{Superfund) and EPCRA {Emergency Planning and Community Right to Know Act) is 1.000 |bs. State and local reportable
guantities for spilled sulfuric acid may vary

. EPCRA Section 312 Tier Il reporting is required for non-automotive batteries if
sulfuric acid |s present in gquantities of 500 Ibs. or more andfor if lead is present in quantities of 10000 Ibs. or more. For
meore informafion consult 40 CFR 370,10 and 40 CFR 370.40.
Sectien 313 EPCRA Toxic Substances: 40 CFR Sectien 372.38(b) states: |f towic chemical is present in an article at a
covered facility, & person is not required to consider the quantity of the toxic chemical present in such arficle when
determining whether an applicable threshold has been met under 40 CFR's 372,25 372 27, or 372,28 o delermining the
amount of release to be reported under 40 CFR 372.30. This exemption applies whether the person received the article
fram another person or the person produced the aricle. Howewver, this exemption applies only fo the quantity of the toxic
chemical present in the article,
The reporting of lead and sulfuric acid {and their releases) in leadacid batteres used in cars, trucks, most cranes, forklifts,
locomolive engines, and ajreraft for the purposes of EPCRA Section 313 is not required, Lead acid batteries used for
lhese pUrposes are e:empt for Sectlon 313 reporting per the "Motor Vehlcle Exempfion.” See page B-22 of the L5 EPA

' R 13 for additional information of this

exemplion
Always check your stateflocal requirements as they may differ

Supplier Motification: This proeduct contains toxic chemicals that may be reportable under EPCRA Section 313 Toxic
Chemical Release Inventory (Form R) reguirements. For & manufacturing facility under SIC codes 20 through 39, the
follewing infermation is provided to enable you to complete the reguired reports:

Taxie Chemical CAS Mumber Approximate % by Weight
Lead T438-92-1 65

Electraolyte {Sulfuric AcidWater Sclution) TE664-93-0 25

Antimony T440-36-0 = 1.0

Arsenic 7440-38-2 <01
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SAFETY DATA SHEET
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X EA mﬂm LEAD ACID BATTERY WET,
FILLED WITH ACID

See 40 CFR Part 270 for more details.

Additional Infermafion

This product may be subject to Restriction of Hazardeus Substances (RoHS) regulations in Europe and China, or may be
regulated under additional regulations and laws not identified above, such as for uses other than described or as-
designedfas-intended by the manufacturer, or for distribution into specific domestic destinations.

[ SECTION 16: OTHER INFORMATION

OTHER INFORMATION:

NFFA Hazard Rating for Sulfuric acid:
Flarmmability (Red) = 0

Health (Blue) =3

Reactivity (Yellow) =2

Sulfuric acid is water-reactive if concentrated.

Mhstribution inte Quebec fo follow Canadian Controlled Product Regulations (CER) 24(1) and 24(2)
Distribution into the EU to follow applicable Directives to the Use, Import/Export of the product as-sold.

SDS PREPARATION INFORMATION:

DATE OF ISSUE: 13 May 2015

DISCLAIMER:

This Safety Data Sheet is based upon information and sources available at the time of preparation or revision date.
Information in the SDS was obtained from scurces which we believe are reliable, but are beyond our direct supervision or
contrel. We make no Warranty of Merchantability, Fitness for any paricular purpose or any other Warmranty, Expressed or
Implied, with respect toe such information and we assume no hability resulting from its use, For this and other reasons, we
do not assume responsibility and expressly disclaim lability for loss, damage or expense ansing out of or in any way
connecied with the handling, storage, use or disposal of the product, It is the obligation of each user of this product o
determine the sultability of this praduct and comply with the reguirements of all applicable laws regarding use and disposal
of this product. For additional information concerning East Penn Manufacturing Co. products or guestions concerning

the content of this SDS please contact your East Penn representalive
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9 — DIAGNOSTICS & TROUBLESHCOTING

DIAGNOSTICS AND TROUBLESHOOTING

These controllers detect a wide variety of faults or error conditions. Faules can be
detected by the operating system or by the VCL code. This section describes the
faules detected by the operating system.

Faults detected by VCL code (fanlts 51-67 in Table 6) cannot be defined
here as they will vary from application to application. Refer o the apprapriate
OEM documentation for information on these faults.

DIAGNOSTICS

Diagnostics information can be obrained in either of two ways: (1) by reading
the display on a 1313 handheld or 1314 PC programmer or (2) by observing the
fanlt codes issued by the Starus LEDs. See Table 5 for a summary of LED display
formarts.

The 1313/1314 programmer will display all faults that are currently set
as well a5 a history of the faults thar have been ser since the history log was last
cleared. The programmer displays the faules by name,

The pair of LEDs built into the controller {one red, one yellow) produce
flash codes displaying all the currently set faults in a repeating cycle. Each code
consists of two digits. The red LED Hlashes once to indicate that the first digit
of the code will follow; the yellow LED then flashes the appropriate number of
times for the first digit. The red LED flashes rwice wo indicate thar the second
digit of the code will follow; the yellow LET) flashes the appropriate number of
times for the second digit.

Example: Battery Undervolrage (code 23).

[n the Fault menu of the 131371314 programmer, the words
Undervoltage Cutback will be displaved; the real-time bacrery voltage
is displayed in the Monitor menu {“Keyswitch Voltage”).

The controllers two LEDs will display this repearing parrern:

HRED YELLOW HED YELLOW
* A * % A o %
(firsr digin] (2 (secand digir) JEX

The numerical codes used by the yellow LED are listed in the rroubleshooring
chart (Table &), which also lists possible fault causes and describes the conditions
thart set and clear cach fanlt

Curtis 1232E/34E/36E/38E & 12325E/345E/265E Manual, c:26 129
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Summary of LED display formats

The two LEDs have four different display modes, indicating the type of informa-
ton they are providing,

r’('_

S,
Table 5 TYPES OF LED DISPLAY )

DISPLAY STATUS

Melther LED illuminated Contraller 12 not powered on, or

vehicle has dead battery, or
sevare damage.

Yellow LED flashing Contraller is operating normally.

Yellow and red LED= both on zolid  Controller iz in Flash program mode.

Hed LED on solid Internal hardware fault detected by the

Supervisor or Primary microprocessor
Missing or cormupt software
Interrupting a software download

may cause comuption of the software.
Cycle KSI to clear. Heload software or
replace controller if necessary.

alternately

W

Red LED and yellow LED flashing  Contraoller has detected a fault

2-digit code flashed by yellow LED
identifies the specific fault, one or two
flashes by red LED indicate whether
first or second code digit will follow,

TROUBLESHOOTING

The troubleshooting chart, Table 6, provides the following information on all the
controller faults:

.

.

.

faule code

faule name as displayed on the programmer’s LCD
the effect of the fault

possible causes of the fanle

faule ser condirions

faule cfear conditions.

Whenever a fanlr is encountered and no wiring or vehicle fanlr can be found, shut
off K5I and turn it back on to see if the fault clears, If it does not, shur off KSI
and remove the 33-pin connector Check the connector for corrosion or damage,
clean it if necessary, and re-insert it.

130
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7 Table6 TROUBLESHOOTING CHART :\1\
FROGRAMMER LCD DISPLAY
CORE EFFECT OF FAULT POSSHELE CALSE SETCLEAR CONTHTIONS

12 | Controfier Overcument 1. Faremal shore of phase UV, or W Ser: Phase current exceeded the cument
Shutdownubdores IO CONMECTRTS. measurenient limit
StedounMainComeacor L Moo paramesers are mis-tuned, Clear: Cyele K51,

ShueadonwnE M Brke; 3. Conroller defective,
ShutdownTlrontle; 4 Speed encoder noise problems.
FuliByake

13 | Current Sensor Fault 1. Leakage to velicle frame from phase | Sar: Coneroller curvent sensors have
ShutdownMaror; ULV, of W (shom in motor stazor), invalid affser reading.
SaerdwmendainContacor; 1. Conercller defective, Cleer: Cyele KSL
Sieaetelon s M Brigke;

ShutdownTlbrotele;
FuliBrake

14 | Precharge Failed 1. See Monitor mem = Battery: Het: Precharge failed co charge the capacitor
Shutdmenotor: Capaciter Voltage. bank eo the KSIvolage
SkedvnrsMain Coreacton 1 Extermal load on capacicor bank (B+ | Clerr: Cycle Intedock Input oruse VCL
ShustddownE M rke; connection rerminal) chat prevents | funcrion Enatia_Frachargal)
Shittdoenlronie: the capacitor bank from charging.

FuliBrake,

15 | Controfler Severe Undertemp | 1. See Monicor menu » Conrraller: Ser: Hearsink remperature below -40°C.
ShutdowsMetor; Temperanire. Cheer: Bring hearsink eemperomre
Shardopn®ain Corrartar; 1 Contraller is operating in an excreme | above -40°C, and cyde intedock or KSL
SheeedouwnlE M Brake; £Viro [LmEnt.

StstalownTFronle:
FudiBrake,

14 | Controler Severe Cverlemp 1. Ses Monivor menu » Caneroller Ser: Heareink vemperature above +93°C,
ShutdrwnMoter; Temperature. Cfear: Bring heawsink temperamre
ShusdmentainContacior; 2. Conercller isoperating in an exereme | below +93°C, and eycle interock or KSL
Skl M Rrake; EMWITOMNERT.

ShstdownTlronte; 3, Escessive load on vehicle.
FuliBrake,

17 | Severe B+ Undervoltage L. See Monitor menu » Bateery: Ser: When below Brownour Valeage for
Reduuced drive tovgue. Keyswirch Volrage, 2 seconds (see Table 1-1).

2 MNon-gontroller system drain on Ll Bfi“f_-_]‘fﬂ veltage above
battery/ K5I carcuit wiring: Brownout Voltage.

3 KS[disconneceed while deiving,

4 Blown KSI fuse.

17 | Sevare KS| Undervoltage 1. See Monitor menu = Battery: Ser: When below Brownout Voltage for
No detion, Keyswitch Voltage. 2 secands (sce Table -1,

2 MNen-controller system drainon Clear: Bring KS[ voltage above
bareery/ KS1 eirenit winng. Brownour Yoleage.

3. KSI disconnected while drivi.n.g.

4. Blown K51 fuse.

Curtis T232E/34E/36E/38E & 12225E/345E/365E Manual, c:26
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Table6 TROUBLESHOOTING CHART, cont’d
CODE FROGRAMMER LCD DISFLAY POSSIELE CALSE SETIGLEAR CONDMTIONS
EFFECT OF FALLT

18 | Severe B+ Overvoltage 1. See Menitor menu = Battery: Set: Capacitor bank voltage caceeded
Shaedmenorar; Capacitor Yoltage, the Severe Overvoltage limit (see page 38)
ShactdownMain Contactor; 1. Battery menu pamameters arc with FET bridge cnabled.

ShatdorenE M Brake; misadjusted. Clewr: Bring capacitor voltge below
ShucdmenThromis; 3, Battcr)r resistance too hj'.gh for given Severe Owtn*oltagflimit. and then
FueliBrake, EegEn current. cyele KSL
‘i‘. Battrry disconntn'ccl \‘l"I'UIlE H.'SEJ'I
braking.

12 | Controller Overtemp Cutback | 1. See Monitor menu = Concroller: Ser: Heatsink temperanire exceeded 85°C.
Beduced drive and brake Temperature. C¥eqr: Bring hearsink remperarure below
EOTfLE, 2. Controller is performance-limited "5,

ar this temperature.

3 Conrroller is operaring in an extrems
environment.

4. Excessive load an vehicle,

3 [umPcr n'u}unling of conemaller

I3 B+ llndenmllage Cutback 1. MNormal opcr;m'an. Faule shows chac Set: Capacimr bank vol[:lgl: l:lmPF:d below

Beduced drive torgue. the barteries need recharging. the Undervolrage limit [see page 58] with
Controller is Fcrform:mcc limited the FET hri:lg: enabled.
ar this voleage. Cfear: Bring capacitor voltage above the
1. Battery parameters are misadjusted. Undcn'ult:.g: limit.
3 Mon-conemller syseem drain on barrery.
4. Battery resistance too hi.gh.
5. Barrery disconnected while driving,
6. See Monitor menu » Battery:
Capacivor Volrage,
7. Blown B+ fuse or main contactor
did not close.

24 | B+ Owvervoltage Cutback 1. Normal operation. Faule shows that | Sar: Capacitor bank voltage exceeded the
Reduced brake dorgeee. eegen braking currenes elevared the Owvervolrage limie [see page 38 ) with the
Noee: This fasds is declared battery voltage during regen braking, | FET bridge enabled.
ondy b the cotroller is Coneroller is performance limired Ciear: Bring capacitor voltage below the
PRI I8 TeqTeR. at this veltage. Overvoltage limis.

2 Bareery parameters are misadjusted.

3 Battery resistance too high for given
EEfen CUFTent-

4, Battery disconnected while regen bralsing,

3. See Monivor menu = Batvery:
Capacitor Voltage,

25 | 5V Supply Failure 1. External load impedance on the Stz +3Y supply (pin 28) cutside the
None, snless a fawlt action +5V supply (pin 26 is too low +5V+10% range.
i1 programneed in VCL, 1. See Monitor menu = outputs: Cfegrs Bring voltage within range.

5 Vales and Exe Supply Current-

& | Digital Qut & Open/Shart 1. External load impedance on Digieal Ser: Digital Quepue & (pin 19] current
Digital Uit put & diver Dueput & driver (pin 19) is too low exceedad 1 Amp.
will mot barm on, Céear: Remedy the overonrrent canse

anduse the VC L function Set_igOut()
to turn the driver on again.

132
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Table6 TROUBLESHOOTING CHART, cont'd
CGODE ERC HAMMERCLIDES Ry FOSSIELE CAUSE SET/CLEAR CONDITIONS
EFFECT OF FALLT
27 | Digital Out 7 Open/Short 1. Exrernal load impedance on Digital Ser: Digital Ouepue 7 (pin 20] current
Dgg;}gf{}m‘pm T driper Oneput 7 driver (pin 20) is too low exceeded 1 Amp.
il ot prrm on, Céear: Bemedy the overourrent canse
and use the VC L function Sed D)
to tuen the driver on again.
28 | Motor Temp Hot Cutback 1. Motor temperarure is at or above Ser: Motor temperature is at or above the
Beduced drive e the programmed Temperature Hot Temperature Hot parameter setting.
setting, and the current is bring [ B[i.ng_lhr metor temperatme
cur back. within range.
1. bﬁ{CltEl[ Tfmp:ratu e Cﬂﬂrml Mfl'll.l
parameters are mis-toned.
3 See Monitor menu » Motor:
Temperature and = Inputs: Analog?.
4. Ifthe application doesn’t use a motor
thermistor, Temp Compensation
ane Temp Cutback should be
programmed OfF.
29 | Motor Temp Sensor Faolt 1. Motor thermistor is not connected Set: Motor thermistor input (pin 8) is at
MaxSpeed redesd [LOS, propedy. the voltage rail (0 or 10V,
Limized Operaring Stravegy), 1. Ifthe :Fplicalir_tn doesn'’t use a moter | e Bringlhc motor thermistor input
ad motor remperatire thermistor, Motor Temp Sensor voltage within range.
cretlack disabled. Enable should be programmed O
3 See Monitor menu » Motor:
Temperature and s Inputs: Analog2.
31 | Codl1 Driver Open/Short 1. Open ar shoere on driver load. Set: Driver 1 {pin 6] is either open or
ShutdownDriver]. 1 Dirty connector pins. shorted. This fanle can be sex only when
3. Bad crimps or fanley wiring, Main Enable = Off.
(e Correct apen arshort, and cyde driver
31 Main I]pEIIJ'ShﬂI‘I I Openar shore on driver load. Ser: Main coneactor driver {Pin 6} s
ShutdownMeror; 2. Dirty conmector pins, either open or shorted. This fault can be
ShusdmenNdaineContactor; 3. Bad crimps or fanlty wiring, sctanly when Main Enable = On
SheedowenE M Brake; Ciear: Correct open orshorr, and cyde dever
SkutdmenTlronele;
FuliBrake,
32 | Coil2 Driver Open/Short 1. Open or shore on driver load. Set: Driver 2 (pin §) is either open or
ShutdownDiriver2. 1 Dirty connector pins. sharted. This fanle can be ser only when
3. Bad crimps or fanley wiring, EM Beake Type =1
Cieay: Carrect open orshort, and oyde deiver.
32 EMBrake C‘JEI‘I"Shurt l. Openor short on driver load. Ser: ﬂcc(mma.gn.ctlc brake driver [Pin 5:!
ShurdownE M Erake; 1. Dirry connector pins. is either open or shorted. This fault can
Shutdote s Throtile; 3. Bad crimps or f:l.u.lt}r wirJ'n.g. be set o.nly when M BI‘.‘II\‘tT‘nx =,
FuliBrake. (e Correct open arshort, and cyde driver
EE] Coil3 Driver E‘:Iel'l.l'Sl‘lDl‘t 1. 'D]xn ar short on driver load. Seétr Driver 3 {Pin 4:I is cid'n:ropcn or
ShutdownDiviver3. 1. Dirry connector pins. shorred.
3, Bad crimps or F.'Lu.lt}rwirin.g. Cfeay: Correct open or shore, andqrdcdriu:n
34 Coild Driver EH:IB!'I.I'SI‘H:M 1. 'DFIEJ‘[ or short on driver load. Seée: Diriver 4 {Pin 3:I is cilhcro':n:n or
Shurdmenlivverd, 2 Dirry connector pins. shorred.
3. Bad crimps or El.u.lt}rwirin.g. Cfeay: Correct open or shore, :I.I'Idf}'d.cdl‘il-tr_
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Tabled TROUBLESHOOTING CHART, cont’d
CODE FROGRAMMER LED DISPLAY PCSSIBLE CALSE BETICLEAR CONDITION
EFFECT OF FAULT

35 | PD Open/Short . Open or shert on driver load. Set: Proportional driver (pin 2) is either
ShetdowwnPD, 2. Dirty connector pins. apen or shorted,

3. Bad crimps or faulty wiring, CAear: Correct open or shert, and cyce driver.

36 | Encoder Fault 1. Motor enceder failure. Ser: Motor encoder phase failure detected.
ShurdownE M Brake; 2. Bad crimps or fanlcy wiring, Cdear: Cycde KSL
Throttle Cornanamd 1 See Monitor menu = Motor:
i1 ga prweciied Motor RPM.

37 Motor Open 1. Motor pha.sc is open, Sei: Mcvtorphss: U, W, or W detected
Shustdownddotor; 2 Bad crimps or faulty wiring. apen.

ShuetdownNdainContacor; Cdear: Cycde KSL
Shustddou sl M Brake;

SheedownThroeete;

FuliBrake,

38 | Main Gontactor Welded 1. Main contactor tips are welded Set: Just prior to the main contactor
ShustdomwnMatar; closed. clesing, the capacitor bank veltage (B+
Shaetcdowenain Contactor; 2 Motor phase U or Vis disconnected | connection terminal | was loaded fora
ShutdvwnE MEBrake; or 0 pErL. short time and the w].tz.gc did not
ShautdownThromis; 3. An alternate voltagr path (suchasan disdulg_c.

FuuliBrake, cxvernal precharge resistor) is Ciear: Cyele KSI
providing a current to the capacitor
bank [B+ connection cerminal ).

39 | Main Gontactor Did Not Close | 1. Main contactor did not close. Ser: With the main contactor commanded
ShwrdowsMeoror; 2. Main contactor tips dre oxidized, closed, the capacitor bank \'DJta.g_r [.B +
ShuetdoieniainContactor; bumned, or not making good contact. | connection terminal | did not charge o B+
Sﬁf:em'mnEMEmke; 3. Extemal lead on capacil:or brank [ Cyclt KSL
ShusdowenThrorels; [B+ connection terminal ) that pre-

FuliBrake vents capacitor bank from charging,
4. Blown B+ fuse.
41 | Throttle Wiper High 1. Sec Monitor menu = Inpurs: See: Throtee por wiper (pin 16) vol tage
ShausdownThroeee. Throttle Pat. is higher than the high fault threshold
2. Throttle pot wiper voltage too high (can be changed with the VCL function
Setup Pod Fawltsl).
Cifegrs Bring throttle pot wiper voltage
below the faule thresheld.

42 | Throttle Wiper Low 1. See Monitor menu = Inputs: Set: Throtele pot wiper (pin 16) voltage
ShaidownThronde, Thrarele Poe. is Jower than the low fault threshold

L Throttle pot wiper voleage vou low [can be changed with the VCL funetion
Satup Pot Fawls)).
Cdazr: Bring throttle pot wiper voltage
abrove the faule threshold.

43 | Potd Wiper High . See Menitor menu = Inpues: Ser Pord wiper (pin 17) voleage
Ll Brake, Porl Raw. is higher than the high fault threshald

2 Pot wiper voltage too high. [can be changed with the VCL function
Satup Pob Fauts(]).
Ciegr: Bring Pot2 wiper voltage below
the fault threshold.
134 Curtis 1232/ 24E /36E /38E & 123258/ 345/ 3065E Manual, «:26



1 WIARCH 2018

9 — DIAGNOSTICS & TROUBLESHCOTING

7 Tableé TROUBLESHOOTING CHART, cont'd :\‘\

CODE PACARAMMER LOD DSPLAY FPOSEIBLE CAUSE SET/CLEAR CONDITIONS

EFFECT OF FALLT
44 | Pot2 Wiper Low 1. See Monitor menu = Inpurs: Set: Pot wiper [pin 17] volrage
FreldBraker Patd Baw, is lower than the low faule threshald
3. Potd wiper valtape too low i'can be changed with the VOL function
Setup_Pot_Fautts(}].
Chear: Bring Porl wiper voltage
above the fanle threshold.

45 | Pot Low OverCurrent 1. See Monitor menu = Outpues: Sere Por low (pin 18] corrent exceeds 10ma.
ShitdvenTbrottle: Pot Low: Clear: Clear pot low overcurrent condition
EdiBraks. 1. Combined pot resistance connected | and cycle KSL

to pot low is oo low

46 | EEPROM Failure 1. Failure oo write to EEPROM Sers Controller operating system tried to
Shusrdprene Motor, memory. This can be cansed by write to EEPROM memory and failed.
Shusselaen MainContactor; EEPROM memory writes initiated Clear: Download the correct software (OF)
;ﬁ’ﬁﬁ:ﬁfi}m by VL, by the CANbus, by and matching pasameter defaule settings
Chusdotwnnterioc: adjusting parameters with the inte the controller and cyele KSL

hivteloeonliteriock; .
Shusdornlriveri; progratumer, of by loading new
ShusdownDriver; software inve the contreller
Shdorwnlriver3;

ShudveonD viverd;
ShudownPD;
Fusd{Brake,
47 | HPD/Sequencing Fault 1. K51 interlock, divection, and threeele | Sar: HPD [High Pedal Disable) o
ShtdoenThroele, inputs applied in incorrect sequence. | sequencing fanlt cansed by incorrect
2. Faulty wiring, crimps, or switchesas | sequence of K51, intedock, direction, and
K51 interlock, direction, or chrottle throttde inputs,
inputs. Chear: Reapply inputs in correct sequence.
3. See Monitor menu s Inputs,

47 | Emer Rev HPD 1. Emergency Reverse operation has Sets At the conclusion of Emergency
ShigtedmeniThvorele: coneluded, bue the chrottle, forward | Reverse, the fault was ser becanse various
Shurdownl MBrake, and reverse inputs, and intedock inputs were not returned o neutral.

have not been retumed to neueral- Clear: WEME Interlock = On, clear the
interlock, throtde, and direction inputs,
If EME Interlock = O, clear the
thretde and direerion inpues.

4% | Parameter Change Fault 1. This is a safery fault cansed by a Ser: Adjustment of a parameter seteing
ShutdoenMator: change in certain parameter that requires cycling of KSL
ShigdownMainContactor; settings so that the vehicle will not Cear: Cyele KSL
ShistdosernE M Brake; aperate until K51 s cyeled,

ShutdlownTbrords; For example, if a wser changes the
FeliRrake Throtde Type chis faule will appear
and require cyeling K5I before the
vehicle can operate.
31=57| OBEM Faults 1. These faults can be defined by the Set: See OEM documentation.
(See OEM docurmentation. ) OFEM and are implemented in the Cfear: See OEM documentation.
application-specilic VCL code. See
OFEM documentation.
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¥ — DIAGNOSTICS & TROUBLESHOOTING

(? Tabled TROUBLESHOOTING CHART, cont'd :\‘\
FROCIRAMMER LGD DISPLAY g .
CODE PO FPOSSIBLE GAUSE SET/CLEAR GONDITIONS
&H WCL Run Time Error 1. ¥CL codeencountered a mantime Set: Buntime YCL code error condition
Shutdown¥lotar: VCL crror, Gl Edit VCL application software to
ShusdownMainContactor: 2. See Monitor menu » Controller: fix this crror condition; Hash the new
ShusdoenE MErike) VCL Error Module and VCL Enior | compiled soltware and nmarching
ShutedornThroctle: This exror can then be compared to. | pasameter defmules; cycle KSL
Shuidownliterlock; the runtime VCL module 1D and
ShutdownDriverd; A = ;
ShurdomaDiinerd :rn;)ra_.odtdcﬁmtmlts_foundm ll:n:
ShurdoenDriver3: specific 08 system information file
Shurdotenlriverd;
ShugdownfL);
FuitBrike.
69 | External Supply Outof Range | 1. Fxxernal load onthe 5V and 12V Ser: The exernal supply current (combined
Nowie, wnless a fawlt action supplies draws either too much or current used by the SV supply [pin 26]
is progravired in VL too licele current. and 12V supply [ pin 25]) is either greater
2. Fauly Checking Menu parameters than the upper aurrent threshold or lower
Exr Supply Max and Ext Supply Min | than the lower current threshold, The two
ate mis-runed. thresholds are defined by the Exvernal
3. See Monitor menu » Ohutpuss: Supply Max and External Supply Min
Far Supply Cugmrent. parmerer settings {page 531
Clear: Bring che external supply current
within range.
71| 0% General 1. Internal controller faule Ser: Internal contecller faule dececred.
ShudorerMorer, Clear: Cycle KSL
Sbuseboga€dais Comtactors
Shatetugo nE M Brake:
ShutdownTbrottle;
Shusdownlareniock;
Shusdorwn{riveri;
ShutdownDriver2;
ShutdownDrivers;
ShugdownD riperd;
ShautdownlDy;
Frdifrake.
71 | PDO Timeout 1. Time berween CAN FDO MESSAgEs Ser: Time berween CAN PO messages
ShutdonenTbrotile; received sxceeded che PDO received exceeded dhie PID Timeour
CAN NMT Seare et Timecut Period. Period
to Pre-operaiional Cfear: Cycle KSLor peceive CAN NMT
m%ﬂ_
73 | Stall Defected I. Scalled motor Ser: No motor encoder movement dececred.
Skt MErake; 7. Motor encoder failure. Cfear: Fitder qtlc KSLor
Throstle Commomand 3. Bad coimps or taulry wiring, detecevalid moror encoder signals while
i mﬂ'Pmr'ﬂsa:ﬂ'; 4. Problems with Fn:owrrmppl}'fnr operating in LOYS mode and return
Comrrad Mode changed 1o the miotor encoder Throtle Comimand = 0and
L0 (Limared Upmﬂfﬂg 5. Bee Monitor mem o Mooor: Moear RPA =0
Smmstegy ) Motor RPM.
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s

Tabled TROUBLESHOOTING CHART, cont'd

-."\1\

GO0E

FROCIRAMMER LD DMEPLAY
EFFECT OF FALLT

FOSTIELE CAUSE

SETCLEAR SONDITIONS

Fault On Other Traction
Gantroller

Dual Diive faule: see Drual Dirive manal.

73

Dal Severe Fault

Prual Dirive fule: see Dhual Dirive manual,

Supervisoer Fault
Shueedmenoeor;
ShutdoeyNdair Coptactor;
SthetedownE MBrake;
Shetdonw s Irotete;
Shutdmpnlueriock;
ShuedoienDiviverd;
ShusdmenDriver;
ShutdounDriver3;
ShutdownDiviverd,
ShutdoiwnfD;
FuliBrake,

1. The Supervisor has detecred a
mismatch in redundant readings,

2. lneernal damage te Supervisor
MECFOQTOCCSs0n

3, Switch inpues allowed to be within
upper and lower thresholds for
over 100 milliseconds,

Ser: Mismarched redundant readings;
damaged Superviser; llegal switch inputs.
Cferr: Check for noise or voltage deift in
all switch inpuzs; check connections;

cyele KSL

Superviser Incomyratible
Shusdmpniotor;
Shutdou b ain Contactar:
Shutd ol MEBradke;
ShatdownThrole:
Shutdownfrrerfock
ShutdmuaDriverd;
Shuetdownldriverl;
ShutdmenDrivery;
ShurdouwnDirverd,
ShutdownlD);
FuliBrake

1. The main 05 is not compatible
with the Supervisor OS5,

Ser: Invompatible software.
Ciear: Load propedy matched OF code
ar update the Supervisor code; cycle KSL

Bad Calibrations
ShugtdowrnMoter;
ShurdosenMainContactor;
ShtdmuranE MBrake;
ShisrdnenThroele;

el iBiraee.

1. Internal controller fauls.

Ser: Invernal coneroller faule decection.
Clear: Cyele KSL

Driver Supply
ShatdmonMotor:
ShuraosrieMain Comtactor;
StrntavseesaE M Brake;
SkeutelmenThrottle;
FrfiBrake

1. Inzeenal conteoller fle in the voltage
spply for the dover circnits.

See: Invernal controller fanle devection.
Clear; Cyele KSL
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7 Tabled TROUBLESHOOTING CHART, cont'd :\‘\
FPRECIAAMMER LOD DdEPLAY 3 .
CODE PO POSSIBLE GALSE SETCLEAR CONDITIONS

#7 | Motor Characterization Fauit . Morer chamactenization failed during | Ser: Motor chasacterization failed during
Shictebonrn Maror; characterization process, Sec Monitor | the motor characterization process.
ShigrdoernMeatnContactor: men » Conttoller: Movor Clarr: Correct faule: cycle KSL
ShicrdmenE M Eratbe; Characterizacion Error for cause:

ShiutalonToroele; Hihaia
FieliByaks: l=encoder signal scen, but step size
not determined;set Encoder Step
Size marmally
2=motor temp sensor faule
A=moter temp hot cutback fault
4= controller overtemp cutback fault
S=eontioller underte mp cutback fault
G=undervoltage cutback faul:
T=severe overvoleage faale
B=encoder signal not seen, or one or
bath channels missing
‘:’;mDLDI I.\a.l.'m{mﬁ our Ufﬁllmtﬂf“'
izatlon range-

§% | Encoder Pulse Count Fault . Enwoder Steps paramerer does not Sea: horor lost TRO conrrol and acceleraned
Shscdvren Mloror, match the actual moror encoder: withour throtele command.
ShetdwerMainContuctor: Clar: Ensure the f.nmdcrbl‘cpspmm.ctcr
Shurdorwnl MBralis matches the actual encoder; crcl: KSL
Sheseedorws Throttie)

Shusdvendteriody
ShuadowenDpiveri;
Shasidproned biver 2
Shupdvewnlriver3;
Shuedveenldriver 4;
ShuidmenD;

Frudl Bk,

89 | Motor Type Fault . The Motor_Type parameter value Ser: Motor Type parameter is set to an
ShctdoenMotor; iz out of range, illegal walue.

ShutdvrnManContactor; Clear; Set Moror_Type to correct value
ShreralonrnE MBrabe; anud qr.;l.g kAL

ShutdnnTlrottie;

FusliBrake

21 | VEL/DS Mismalch . The VCL software in the coneroller Ser: VCL and OF software do not mazch
Shpaetvien Noror; does not march the OF% soltwsare In when K51 eyules, a check is made wo verify
Shatetwas Mo nConactar; the conzmller. thar they match and a faule is ssned when
Shupdorwnl M Brakie; [ju-? o not,

-g::’"i:;"’"’m Clear: Download the correct VCIL and OF
Sheedvewalne : i

ShutdotenDrives1; sofrware into the conerolles
ShudarenDriver2;

Shuddewnlriver 3

Shusdorwnlviverd:

ShuelouwnD;

FeellBrake,
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7 Table6 TROUBLESHOOTING CHART, cont'd ;\\
CODE PACARAMMER LOD DISPLAY POSBIELE CALSE BET/CLEAR CONDITIONS
EFFECT OF FALILT

51 | EM Brake Failed to Set 1. Vehicls movement sensed after the Ser: Aver the EM Brake was commanded
ShictalvnrnE M Brake; EM Brake has been commanded ta set and time has elapsed to allow the
ShutdvenThrosle, to sct brake to fully engage, vehicle movement
Position Hodd is engaged 2. EM Brake will not hold the moter has been sensed.
wrhren Inrerlock =0 from rotaring, Chear: Activare the throeede,

93 | Encoder LOS (Limited 1. Limited Operaring Seracegy (LOS) Ser: Encoder Fauls [Code 36) or Scall
Operating Strategy) control mode has been activared, as Dierect Fanlt (Code 73) was activared,
Esnper OIS comprod smoede, a result of cither an Encoder Fault and Brake or Intedock has been app]icd

(Code 36) ora Seall Detect Fault to activate LOS control mode, allowing
(Code 730, limited motor contrel.
1. Meter encoder failure. Clear: Cyele KSIor, if LOS mode was acti-
3. Bad crimps or faulrf wiring, vated |:|y the Stall Fault, clear b]\r ensuring
4. Vehicle is stalled. enceder senses proper eperation, Motor
BPM =0, and Throeele Command = 0.

94 | EMR Rey Timeout 1. Emergency Reverse was activared Ser: Emergency Reverse was activared and
ShustedvmnE MBrake; and concluded because the EMR ran until the EME Timeout timer expired.
ShutdvurniThrofele. Timeout timer has expired. Cfear: Turn the emergency reverse inpue

2. 'The emergeney reverse input is Off.
stuck On.

98 | Megal Model Number 1. Muodel_Mumber variable contains Ser: Megal Maodel _MNumber variable; when
ShutdvarnMotor; illegal value. K5I eyeles, a check is made to confirm
ShutdonlainContaceor; 2. Software and hardware do net march, | a legal Model_Mumber, and a faule is
ShritdvarnEMPBrake; 3. Controller defective. ismed if one is not found.
ShurdpurnTbrole Cleay: Drownload appropriate software
FucliBrake; for your controller medel.

99 Dualmotor Parameter Mismateh | Dual Dirive fult: see Dual Dirive manual.
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TRONAR®

APPENDIX VI

Battery Charger
Operator/Installer Manual

WARNING
Consult local, state or national electric codes for battery charger installation in an aircraft hangar.
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A WARNINGS

Keep open flames

away from batteries z)'(s']‘ 0(; 3_? tery

on charge. P ]

Be aware of Do not dispose
ﬁ battery fumes of batteries in

and electrolyte. Pb the garbage.

Electrical hazard @

gﬁg:se':‘sé‘f;gf Always recycle lead

ger, acid batteries.

remove the

side cover. Pb

Battery electrolyte Wear eye protection

when working near
batteries.

is highly corrosive.

>




Installation
Operation

- Front Panel

- Configuration Settings
Charger Alarms
Battery Alarms
Troubleshooting
Maintenance
Spare Parts
Service & Warranty
Specifications

2
3
4
5
6
8

Charger Serial Number

Charger Part Number

Date Supplied
Vehicle Model

Purchaser

Fleet Number

Purchase Invoice Number




c Small LED Indicators

READY/CHARGING
Indicator Lights

° Filter Cover Assembly

Controller Display
Controller Push Buttons
AC Input (Rear)

Mini USB Port

START/STOP Rocker Switch ° DC Output

FS5 & FS9 XHF Series Charger



Installation

Location

The recommended installation is where the charger(s) can be located
at ground level or on a raised platform, protected against accidental
contact with the lift truck or its forks. Installation above ground level is
recommended to reduce the level of dust ingested by the charger.

AC Input
The FS5 and FS9 chargers require 480V, 3 phase AC supply. Care must be

taken to install your charger with the appropriate rated AC supply cable.

FS5: 6 AWG Copper Conductors
FS9: 6 AWG Copper Conductors, rated 167°F / 75°C minimum

Refer to the rating label on your charger for AC supply requirements
specific to your configuration.

AC Supply Wiring Configuration

5

L1

4830V AC
Delta

L2

L3

BIGISIOIQ),

Note: It is common in the US that a fourth wire (neutrall be used ina
triple phase circuit. If present, it should be attached to the “E" terminal.



The XHF Series charger can be paired with a battery-mounted module”
allowing automatic charge-configuration of the charger as well as
additional data logging features. The battery module is required for any
FS9 charger, or any XHF Series charger configured for Fast or High Rate
charging. Refer to your battery module manual for correct installation and
operation of your battery module with this charger.

o Check the battery leads are in good condition before proceeding.
e Set the rocker switch to STOP.

e Plug the charger in and turn on the AC supply.

Check that the Voltage, Ampere-Hr and Battery Type indicated on
the charger display is appropriate for the battery to be charged.

BMID equipped batteries will automatically configure the charger
provided the charger has APC configuration enabled.

Connect the battery to the charger using the correct cable.
Set the rocker switch to START.

The red CHARGING light will iluminate to indicate charging
has commenced.

When the green READY light illuminates, charging is complete.

Set the rocker switch to STOP and then disconnect the battery
from the charger.

* A battery module may be either an Automatic Prafile Configuration (APC) module
or a Battery Monitoring Module (BMM).
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Controller display
Displays information depending on the status of the charger.

Controller push buttons (Set Equalize Charge)
To enable equalize next cycle, plug in the battery but before setting
the rocker switch to START:

- Press M button to set equalize next cycle

- Press ENTER to allow changing

- Press 4 to select “Enable”

- Press ENTER to accept change

- Press @ to select “Store”

- Press ENTER to accept

- Press & to return to “Connect Battery”

- Set the rocker switch to START

Mini USB port

START/STOP rocker switch
0 = Stop charge.
| = Start charge.

READY/CHARGING indicator lights

RED steady on, GREEN off = Charging.

RED off, GREEN steady on = Charge complete.
RED flashing, GREEN off = Non-Urgent Alarm.
RED flashing, GREEN flashing = Urgent Alarm.

When a Non-Urgent Alarm is indicated the charge cycle has still
completed and in most cases can be disregarded.

When an Urgent Alarm is indicated, the charge cycle has not been
completed and the occurrence should be reported to a supervisor.




RED LED same
as RED indicator.

AMBER LED same
as GREEN indicator.

GREEN LED
illuminates when
charger is powered up.

Display when no battery
connected or rocker
switch set to STOP.

Config:

Connect Battery

Voltage
Amghre

Protle

Curront

XHF MODULAR CHARGER

Display when
charging.

Flooded

Charging
Batt Voltz
57 5 —

40A

Rolling
Display:
Cunent=
Amphr=
Chargo Time
State=

Batt Volt

Col Volt

Display when charge

complete.
Relling
Complete i
. > Bk Time =
Finish Tirgg Finish Times=
(7.1 30 1 5 Termination=
= Batt Volt=
Cell Yol
Fimish Vot~

Amphirss



Charge Profiles Available:
Conventional Charge 1Ula/1E!
Opportunity Charge
Fast Charge (battery module required)
Battery Types:  Flooded, Sealed, Gel.
Environments:  Standard, Freeze/cold condition.
Cable Length: Combined charger and battery cable length in metres.
Equalize Charge Settings:

Cycle count: Adjustable to any number. Default setting is to equalize
charge after every 5 complete charge cycles.
Day/time: Select day and time of the week to trigger an equalize charge

on the next charge cycle. Can also select to have it equalize
charge every other week.
Manual equalize:  Select 1o have an equalize charge run from the display panel.

Contact your local Eco Charge / Dealer for assistance with the adjustment
of these settings.

Ampere-Hour Ranges:

Low imlt (Ahr) Upper Limit (Ahr) mit (Ahr) Upp lelt (Ah

i i Conventional:Profile (16Ai100Ahr) L
24V 300 1875 300 3375

36V 300 1875 300 3375

24Y 300 1200 300 2160

36V 300 1200 300 2160

48Y 300 1000 300 1800
= s rarplileob/iool 2 s

24V 300 750 300 1350

36V 300 750 300 1350

48Y 300 625 300 1125




Charger Alarms

AF"C Voltage Imbalance Configuration Error Urgent Module Fail

Module Fan Fail APC Communications Fail
Mon-Urgent Madule Fail  [Madule Over Temperature  |No Cutput Current Urgent Module Fail

Inlet Filter. Non-Urgent Alarm, can give warning as to when the inlet filter needs
servicing but is not enabled by default.

Low Mains. Non-Urgent Alarm, gives an indication of variation in the input mains
voltage without actually affecting the ability of the charger to provide rated output.
Can also indicate a charger module being overloaded.

Module FanFail. Non-Urgent Alarm, in the event of a complete failure of the cooling
fans the effected module will back off the maximum output current available to
level where natural convection of heat will allow the module to continue operating.

Non-Urgent Module Fail. Non-Urgent Alarm, there is a charger module that is
not providing output but the charger is still operating, but redundancy has been
lost.

APC Water Level Low. Non-Urgent Alarm, for APC equipped batteries, indicates
the APC Electrolyte Sensor has detected a low level of electrolyte.

APC Voltage Imbalance. Non-Urgent Alarm, for APC equipped batteries,
indicates the midpoint voltage varies from nominal by more than 0.5V. APC will
schedule an equalize charge to rectify this variation.

Main Switch. Urgent Alarm, shows the status of the front panel START/STOP
rocker switch.

Module Over Temperature. Urgent Alarm, normally related to a blocked filter or
restricted exhaust air or installation in an inappropriate location.



Mains Fail. Urgent Alarm, a mains loss situation and the charge cannot proceed.

Configuration Error. Urgent Alarm, the charger cannct meet the target current
required by the controller even with all fitted charger modules operating or the
configuration does not meet the limits set for the selected AC supply.

Output Fuse. Urgent Alarm, a blown fuse in nearly all cases is caused by
connecting a reverse polarity battery to the charger. When a fuse is blown, check
all batteries for reverse cable connection. A common problem is with first charge
of shift batteries that have not been previously tested in a lift truck. After replacing
a battery or charger cable always closely check the polarity before plugging the
battery onto the charger.

No Output Current. Urgent Alarm, the charger is not providing the expected
output current. Generally related to a premature disconnection of the battery, but
also could be an incorrectly inserted charger module.

Monitor ADC Fail. Urgent Alarm, internal watchdog of the controller’s micro-
controller indicating a major fault and potentially unpredictable behaviour if the
charger is left running.

APC Communications Fail. Urgent Alarm, the APC module has failed to
communicate with the charger.

APC Incorrect Voltage. Urgent Alarm, the charger cannot produce the voltage
required by the APC.

APC Unknown Charger. Urgent Alarm, the charger cannot find the required
profile required by APC.

Urgent Module Fail. Urgent Alarm, if the number of charger modules not providing
output equals or exceeds the setting for urgent module count in the monitor tab
then the charger will stop. If urgent module count is set to one then the charger is
configured without redundancy and a single fault will interrupt the charge cycle.




Battery Alarms

Deeply Discharged Battery | Batt Over Temp - Charge | Sulphated Battery Bulk Charge Timeout
Finishing Charge Timsout Incorrect Battery Batt Over Temp - Start
Minimum dV/dt EQ/Refresh Timeout Battery Disconnected

Maximum Cell Voltage Over Discharged Battery | Reversed Battery

Deeply Discharged Battery. Non-Urgent Alarm, the battery at start is under
1.9V per cell but recovers within 30 secs of charge, normally comes up when the
battery is quickly unplugged from the lift truck and plugged into the charger.

Finishing Charge Timeout. Non-Urgent Alarm, the battery has exceeded the
maximum time allowed for the finishing part of the charge cycle. Generally not a
major problem and indicates the battery did not quite perform as expected. Not
uncommon with new batteries that are still cycling up to full capacity (allow 10
cycles) however if the alarm is a regular occurrence it needs investigation and
possible adjustment of the charger or service of the battery.

Minimum dV/dt. Non-Urgent Alarm, details the change in battery voltage over
time. The alarm occurs when the change in voltage exceeds the value set in
profile settings. This alarm also indicates the termination of a successful charge.

Maximum Cell Voltage. Non-Urgent Alarm, occurs when the voltage per cell
exceeds the value set in the profile settings. Typically 2.7V per cell for lead acid
batteries.

Batt Over Temp - Charge. Non-Urgent Alarm, occurs when the battery
temperature measured during a charge profile exceeds the value set in the
controller settings. This alarm will not allow the charge profile to continue.

Minimum Current. Non-Urgent Alarm, occurs when using a IU profile and the
current in the constant voltage stage falls below the value set in the profile settings.
This alarm will not stop a profile and is considered normal for some types of
batteries.

EQ/Refresh Timeout. Non-Urgent Alarm, occurs when the time in a given stage
of the equalize profile has exceeded the value set for that stage of the profile. This
alarm will terminate the equalize charge but is not considered an Urgent Alarm.



. Batt ery Alarms - continued

Over Discharged Battery. Urgent Alarm, the battery is still under 1.9V per cell after
30 seconds of charge which indicates a faulty battery that needs investigation.

Suiphated Battery. Urgent Alarm, deactivated by default.

Incorrect Battery. Urgent Alarm, the battery voltage is inappropriate for the
configuration of the charger and cannot be charged without reconfiguring the
charger to suit the battery. Note: An incorrectly configured APC can cause this
alarm.

Battery Disconnected. Urgent Alarm, the battery has been unplugged before
charge cycle has completed. This can damage the battery connector and increase
risks of battery explosions as sparks around batteries at their top of charge whilst
gassing can be very dangerous. If the battery needs 10 be disconnected mid
cycle, the toggle switch must be first set to STOP. This will stop the charge and
log a partial cycle in the charge log but aliows safe disconnection of the battery.

Reversed Battery. Urgent Alarm, a battery with positive and negative cables
reversed has been connected to the charger. Generally this will also cause an
output fuse alarm and the need to replace the charger’s DC output fuse(s). Such
a situation is not covered by warranty as new batteries should always first be
checked for correct polarity BEFORE plugging onto the lift truck or a charger.

Bulk Charge Timeout. Urgent Alarm, the battery has exceeded the maximum
time allowed for the initial constant current bulk charge phase. Could indicate a
faulty battery or the charger configuration is not correct for the size of battery to
be charged. May need additional charger modules added to the charger.

Batt Over Temp - Start. Urgent Alarm, occurs when the battery temperature
measured before a charge profile starts exceeds the value set in the controller
settings. This alarm will not allow the charge profile to continue.

+di/dt. Urgent Alarm, occurs when the measured current in the constant voitage
stage is rising instead of falling. This alarm will terminate the charge profile.




Troubleshooting

Problem

Main Switch Alarm

Possible Cause

Front panel switch in the STOP
pasition,

Remedy

Charge will start when the
switch is set to START.

Inlet Filter Alarm

Alr inlet filter blocked.

Clean the filter.

Low Mains Alarm

AC mains supply is low or
charger modules may be
ovarloaded.

Check configuration of the
charger suits the application.

MNon-Urgent Module Fail Alarm

Charger module not providing
output, there is capacity to
charge at a reduced rate.

Replace the faulty charger
module(s).

Urgent Medule Fail Alarm

Faulty charger modules are
affecting the ability of the
charger to charge the battery.

Replace the faulty charger
module(s).

Module Fan Fail

Faulty charger module fan.

Replace charger module.

Module Over Temperature

Charger module is overheating.

Check air inlet filter is not
blocked, check the charger
is installed without any
obstructions to air inlet and
outlet.

Configuration Error

Charger cannot provide the
targst output current.

Check the contraller
configuration matches the
guantity of power modules
installed, add charger modules
if necessary.

BMID/battery requires more
current than modules or AC

supply can support.

Qutput Fuse

BElown output fuse.

Check battery polarity. Replace
blown fuse,

No Output Current

Charger failing to provide the
required current.

Check operator has not been
unplugging battery mid charge
cycle or the charge profile has
allowed the battery current to
fall below 0.7A.

IMonitor ADC Fail

Faulty MPC35 controller
module,

Replace the MPC35
controller module ensuring
the replacemeant is correctly
configurad.
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Troubleshooting - continued

Problem

Low Output Current

Possible Cause

Only one battery cable
connected (F589).

Remedy

Ensure two battery cables are
connected (FS9 only).

Over Discharged Battery

Battery is <1.9Vpc at
connection but recovers within
30 seconds of charge.

Allow approximately 1 minute
between truck-battery
disconnect and charger-battery
connect. Regular occurrences
might need investigation of
work practices.

No Output Current

Battery unplugged during
charge.

Charge profile allows current to
fall below 0.7A

Ensure battery has not been
unplugged before charge
completion.

Check that the charge profile is
appropriate for the battery type.

Deeply Discharged Battery

Battery is still <1.9Vpc after 30
seconds of charge.

Check battery for faulis.

Incorrect Battary

Battery is not the correct
voltage for the charger.

Check the configuration
matches the battery,

Bulk Charge Timeout

The bulk charge part of the
cycle is longer than expected.

Check the charger
configuration matches the
battery, check the battery for
problems.

Finishing Charge Timeout

The finishing charge part of the
cycle is longer than expected.

Check that the charger
configuration matches the
battery, regular timeouts may
indicate a problem with the
battery.

Battery Disconnected

Battery has been disconnected
during charge cycle.

Front panel toggle switch
must be set to STOP before
disconnecting battery.

Reversed Battery

A reverse polarity battery has
been connected to the charger,

Carrect the incorrect battery
wiring and replace the blown
charger output fuse(s).

16




Maintenance

Provided it is correctly installed in an appropriate location and is not abused, the
charger will require little maintenance. The only requirement is to monitor the air inlet
filter at the front of the charger for dirt accumulation. The charger modules internal to
the charger housing require a good supply of cooling air during the charge cycle and
a blocked filter will affect the cooling. A blocked filter could lead to the charger turning
down its maximum output to prevent overheating of the charger modules. An extremely
blocked filter could cause longer charge times, inability to charge the battery correctly
or premature wear of the charger modules.

Service Interval

The recommended service interval is 6 months but this will vary depending on the
location of the charger and the number of charge cycles performed. The fans in the
charger modules only run during charging and are speed controlled. If the charger
output is small the fans will only be turning slowly. At full power there is a considerable
requirement for cooling air and the fans will be working hard with considerable hot
air being exhausted from the rear of the charger. The exhaust air from the rear of the
charger should never be restricted. The intermittent nature of the fans results in a long
fan service with no scheduled replacement of fans being required.

Intake Filter

The filter material is an electrostatic polypropylene type that is easy to clean with
compressed air to blow out any accumulated dirt and dust. Before attempting to clean
the filter it is necessary to remove it from the housing by unscrewing the two captive
screws and unhinging the filter from the housing. The electrostatic filters provide a
good compromise between filtering and clogging, but a small quantity of dust will enter
the charger modules during normal operation. A small quantity of dust in the charger
modules will generally not cause problems, however excessive accumulation or where
the material ingested is corrosive, conductive or wet will cause issues, resulting in
premature wear of the charger modules.

Removing 1. Unscrew the 2x
the filter  captive screws and
fromthe  unhinge the filter
housing. from the housing.

2. Blow out any dirt
& dust buildup with
compressed air to
clean the filter.
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Spare Parts

Image Description

MP330 Module

E-I SM31 Large Display Assembly

\ MPC35 Main Board Assembly

- 300A Current Shunt

/ Current Sense Loom
% Voltage Sense Loom

ﬂ FS5-9 AC Filter Board
17'- Auxiliary PSU

}% Stud Diode 240A 400V

% Fuse HRC180A 150VDC 240VAC
S

Front Control Panel Membrane

USB Hole Plug




Description

ﬁ FS5 Cabinet

ﬁ FS9 Cabinet

- Blanking Plate - Module Bay

E Welded Filter Assembly

Front Panel Green Indicator

‘ Front Panel Red Indicator

Front Panel Rocker Switch




Service

If both the RED and GREEN indicators are flashing there has been an
Urgent Alarm that has prevented the charge cycle from completing. Take
note of the error displayed on the display and contact your servicing battery
dealer or call DC Power Technolgoies (DCPT) at 1-844-ECO-CHRG for
assistance.

If the RED indicator is flashing, but the GREEN indicator is on steadily, the
charge has completed satisfactorily but with a Non-Urgent Alarm. Contact
DCPT only if this is occurring on a regular basis.

Warranty

DCPT warrants that the product is free from defects in material and
workmanship and agrees to remedy any defect (or at its option replace the
product) for a period of one year from the date of purchase. This warranty
covers both parts and labour. Parts may be replaced under this warranty
with new or remanufactured paris.

This warranty will not apply to any product that has been improperly
installed, misused, abused, used in ways the product was not designed,
altered or repaired in any way which may affect the performance or
reliability of operation, sustained damage by power surges or electrical
storms, or sustained shipping damage, or repaired by any unauthorised
repair center.

Please contact DCPT Customer Service to obtain a Returned Materials
Authorisation (RMA) prior to shipping any products for repair. All shipments
must be shipped prepaid and include proof of the date of your original
purchase. Please include your name, address, phone number, emalil
address and a brief description of the problem.

DCPT makes no other warranties, express or implied, including any
warranty of fitness for a particular purpose. In no event shall DCPT be
responsible for indirect or consequential damages or lost profits even if
DCPT has been advised of the possibility of such damages. DCPTQs sole
obligation shall be the repair or replacement of a nonconforming product.
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Specifications

FS5 & FS9 Cabinet
Dimensions (in / cm):

Weight (Ibs / kg):
Empty:
FS5 (5 modules)
FS9 (9 modules)

MP330 Modules
AC Input
Nominal Input Voltage:

Operating Voltage Range:

Frequency Range:
Typical Efficiency:
DC Output Range:

Ripple:
Broadband Noise:

13.40W x 18.0D x 26.00H / 340W x 45.7D
X 66.0H

71.0 / 32.2 (approx.)
95.4 /43.3
123.0 /55.8

Three phase 480V
380-480V AC

340-580V AC

45-65Hz >0.92PF

Max. 93% @ 48V
25-65V DC

60A DC output up to 50V
52A DC output to 57.6V
<2mV

2mV (<100hz)

200mV p-p (0-22Mhz)

Environmental Requirements

Ambient Temp. Range:

Storage Temperature:
Humidity:

Compliances
UL Listed:

California Appliance
Efficiency Program:

-50°F to 104°F

(max. output power is derated above 122°F)
-68°F to 158°F

5-95% RH (non-condensing)

E333392 - UL 1564 e,
7 X

Large Battery - I' % S

Charger Systems LISTED *“&5=
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Contact your local dealer :

/_' J—j_/fjﬂff
BTN CES
12432 Highway 99 Everett, WA 98204
Phone : 1-844-ECO-CHRG

Fax : 206-745-6077
www.DCPowerTechnologies.com

ﬂﬂ@ CHARGE

Manufacturered by :
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APPENDIX VII

Flat Sling Inspection
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APPENDIX VI

Royco 756 (MIL-PRF-5606)
Safety Data Sheet (SDS)
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APPENDIX IX

Declaration of Conformity






TRONA[R®

DECLARATION of CONFORMITY

The design, development and manufacture is in accordance with European Community guidelines

Towbarless Tug
eJP-12
eJP-12SP

Relevant provisions complied with by the machinery:
2006/42/EC
EN 1915-1
EN 12312-7

Relevant standards complied with by the machinery:
EN ISO 12100-1

Identification of person empowered to sign on behalf of the Manufacturer:

Uil Lol

Quality Assurance Representative

Tronair, Inc. Phone: (419) 866-6301 | 800-426-6301
1 Air Cargo Pkwy East Web: www.tronair.com
Swanton, OH 43558 Email: sales@tronair.com
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