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Safety

Safety Alerts

Throughout this manual, you will see notes labeled "Warnings" or "Cautions" to alert you to special
instructions or precautions concerning a particular procedure that would be hazardous if performed
incorrectly or carelessly.

Observe them carefully!

These safety alerts alone cannot eliminate hazards that can occur. Strict compliance with these
special instructions when performing the installation and maintenance, plus common sense, is major
accident prevention measures

Immediate hazards that will result Hazards or unsafe practices that
in severe personal injury or death. could result in severe personal

injury or death.
A CAUTION

Hazards or unsafe practices that Information that is important to
could result in minor injury or proper installation or maintenance,
product or property damage. but is not hazard-related.

Safety Considerations

Qualified Personnel

Only properly trained and qualified personnel with the proper safety equipment and tools should be
performing repairs or maintenance on the APU. Follow all lock out requirements before starting any
work on the locomotive.

Pressurized System
BEFORE performing any work on the pressure system make sure:
e The tank is cold (oil has cooled to room temperature)
e Take precautions against any residual pressure left in the tank T wrap a rag around the fitting
to be taken off or loosened;
e Proceed with caution and very slowly loosen the fitting;
e \Wear protection glasses

Exhaust Gasses

Inhalation of exhaust gas (containing carbon monoxide) may cause severe personal injury and/or
death. Anyone suspected of suffering from CO inhalation should be removed from the hazardous area
and given medical assistance immediately.

California Proposition 65 Warning: This product contains lead, a chemical known to the State of
California to cause cancer and birth defects and other reproductive harm.

=IMPCO= Pagel of 64
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Fuel/Batteries

Exercise extreme caution when working near fuel or fuel filled equipment. Do not operate equipment
during fueling operations. Use eye protection when working near batteries, which contain acid and
can explode. Do not smoke or use open flames near batteries or fuel system components.

Electrical

Electric shock can cause severe personal injury, burns, and death. Before working on any unit,
disconnect the batteries. Use only approved materials and methods when working on the electrical
system, and follow local electrical codes. Never work on the APU or the electrical circuitry when the
APU is running. Never work with electricity in wet conditions or when you are tired.

Intoxicants

Fuel, lube oil, coolant, and refrigerant are toxic and in some cases, carcinogenic. Wear eye and hand
protection at all times. Remove contaminated clothing immediately and wash contaminated skin. Do
not breathe in vapors.

Hot or Moving Parts

Hot or moving parts can cause severe injury and/or death. Before working on any unit, shut it off and
allow it to cool. Press the emergency stop button to prevent unexpected starting of the unit. Do not
start until protective covers have been replaced. Also, loose parts falling into rotating machinery can
cause severe accidents. Always ensure bolts and clamps are correctly torqued and secured. Inspect
mechanical components periodically for damage, corrosion, and proper torque.

Misuse

The APU is designed to provide electrical power and heating for the locomotive in normal
conditions. Never use the APU to power critical medical equipment or sensitive electronic
equipment without the manufacturer's express written approval.

1.0 General Overview

1.1 The System

Itis a diesel fuelled Co-generator (generates both electric power and heat.) By co-generating (utilizing the
engines waste heat), the overall efficiency approaches 100%

1.1.1 The Benefits

Lower Run hours on the Locomotives Main Engine (M.E.)

Reduced Lubrication oil, engine wear.

90% reduction in fuel consumption and emissions when the locomotive is at idle.
Possible emissions credits

Reduced noise level

240/120 VAC power equals lower cost for future equipment onboard

1.1.2 Power Plant

A Kubota 4-stoke diesel engine, running at 1800 RPM directly coupled to a brushless Z wound generator, giving
16KW 240 VAC and 120 VAC 60Hz

=IMPCO= Page2 of 64
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1.1.3 Heat

e Electric immersion heaters for M.E. Water and Lube Oil
e Heat Exchanger, Kubotads Co o Isyten wavh diingNeydver and tool keep t
the APU (also when the M.E. runs at High load)

1.1.4 Battery Charge
12vDC for the APU system and 74VDC for the | ocomotiveds

1.1.5 Controls

e Manual Emergency Stop

e Start with automatic failure shutdown for unattended run

e Automatic demand start (temperature, low battery voltage, and air pressure) by Engine Control Unit
(ECU) with Warm Up/Cool Down cycles

e 2 hour Run

e Stop by ECU

1.2 Customer Options

1.2.1 Engine Shutdown Timer (EST)

Automatic shutdown of M.E after 30 minutes. This is a minimum requirement from EPA. Optional on some
systems.

1.2.2 Alarm
Audible and Visual alarm for APU and Locomotive system. Optional

1.2.3 Communications Modem

A connection to a modem is provided to allow tracking of the locomotive and operation of the APU. Optional

1.3 Frame and Installation of APU

1.3.1 The Frame

The frame sits on rubber mounts. The rubber mounts are connected to floor channels. These should be welded
to the floor. During welding the foot channels, do not overheat the rubber mounts. Welding ground must be in
the locomotive not in APU. The frame can be used for mounting additional equipment. Prior to drilling additional
holes in the frame, carefully inspect the area. There are wires, tanks and a Heat-Exchanger behind the surfaces.

1.3.2 Lifting the APU

A CAUTION

Lift only by the provided lifting eye at the top of the APU or from the sides only with forks
properly spaced across the bottom of the frame rails.

1.3.3 Safety Guards

A WARNING

Do not operate the APU with any safety guards removed.

=IMPCO= Pages of 64
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1.3.5 Technical Specifications

Model ||
ITEM PR0O030 Low PROO035 High PR0040 Running
Profile Unit Profile Unit Board Unit

Operating Range

-40°F to 185°F
(-40°C to 85°C)

-40°F to 185°F
(-40°C to 85°C)

-40°F to 185°F
(-40°C to 85°C)

APU Operating

60°F to 100°F

60°F to 100°F

60°F to 100°F
(15.5°C to 37.8°C)

Parameters (15.5°C to 37.8°C) (15.5°C to 37.8°C)

Locomotive Water Temperature g:]?r't\ﬂ(gxesrzulgg vDC gﬁlarlrlt/lchfsrzu/gg vbC grzarlrlt/lcg)xesrzu/ 23 vDC

S 74 VDC Battery Volt : : : . . :

oo Cab Heat Somsor 0° | 45°F 0 55°F (7°Cto | 45°F to 55°F (7°Cto | 45°F to 55°F (7°C to
13°C) 13°C) 13°C)

Optional TBD - Customer TBD - Customer TBD - Customer

AC Specific Specific Specific

Air Compressor

APU Engine

Power Rating 40 HP 40 HP 40 HP

RPM 1800 1800 1800

Coolant 50/50 Glycol 50/50 Glycol 50/50 Glycol

oll SAE 10W30* SAE 10W30* SAE 10W30*

Oil Filter Spin On cartridge Spin On cartridge Spin On cartridge

Oil Pressure Sensor

N.O. closes at 7.5

N.O. closes at 7.5

N.O. closes at 7.5

APU Engine Coolant Sensor PSI PSI PSI
Overheat @
Fuel Filter 240°F (115°C) 240°F (115°C) 240°F (115°C)
Fuel Pump Spin On cartridge Spin On cartridge Spin On cartridge
Electric Electric Electric
Generator
Power Output 16 kW @ 120/240 16 kW @ 120/240 16 kW @ 120/240
Phase VAC VAC VAC
RPM Single Single Single
1800 1800 1800
Auxiliary Water Heat
System
Aux Water Pump i
Flow/Pressure 20 gpm 20 gpm 20 gpm

WH Temperature Sensor

Heater Tank Overheat Sensor

100°F to 140°F
(37.5°C to 60°C)
300°F (149°C)

100°F to 140°F
(37.5°C to 60°C)
300°F (149°C)

100°F to 140°F
(37.5°C to 60°C)
300°F (149°C)

Auxiliary Oil Heat System

Oil Pump i Flow Rate
Oil Temperature Sensor

Oil Heater Tank Overheat

5gpm

100°F to 140°F
(37.5°C to 60°C)
300°F (149°C)

5gpm

100°F to 140°F
(37.5°C to 60°C)
300°F (149°C)

5gpm

100°F to 140°F
(37.5°C to 60°C)
300°F (149°C)

Weight Total

1200 Lbs (544.3 Kg)

1200 Lbs (544.3 Kg)

1200 Lbs (544-3 Kg)

* Refer to oil usage guide in section 6.5.3 for specific oil requirements based on temperature

=IMPCO=
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2. Components
1 | APU Generator 7 | Engine Oil Pressure Sensor 13 | Aux. Water Pump
2 | 12 Volt Alternator 8 | Oil Make-up Tank 14 | APU Controller
3 | APU Battery 9 | Coolant Pressure/ Fill Tank 15 | Water Temperature Sensor
4 | Heat Exchanger 10 | Water Heater Tank 16 | Display Panel
5 | Oil Pressure Tank 11 | Oil Heater tank 17 | Over Heat Sensor
6 | APU Engine Oil Filters 12 | Battery Charger 18 | Oil Temperature Sensor
PRO0035 Series, other series
may differ in layout.
Figure 1
=IMPCO= e Aat
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2.1. APU Engine

Provides an efficient, reliable drive for the 240 VAC Generator (item 1).
On board 12 VDC alternator (item 2) maintains the 12 VDC battery (item 3) charge level.
Output, 40 amps.
Provides additional locomotive water heat through an on board heat exchanger (item 4).
2.1.1. APU Engine Oil System:

The APU engine oil system is made up of 2 separate systems designed to maximize service
intervals to match the railroad requirements.
Engine Oil Sump/Pressure Tank (item 5).
Dual Oil Filters (item 6).
Engine Oil Pressure Sensor (item 7).
Engine Oil make-up Tank (item 8.
2.1.2. APU Cooling System:

The Rail APU cooling system is independent of the Locomotive Water system and uses the
standard 50/50 Glycol coolant mixture. A coolant pressure and fill tank (item 9) is provided.
2.2. Generator, 120/240 VAC

The Generator (item 1) produces 16 kW of AC power used to:
Provide power for locomotive water heater (item 10).
Provide power for locomotive oil heater (item 11).
Provide power for 74 VDC locomotive battery charger (item 12).
Provide power for 240 VAC Cab Heater (not shown).
Optional usage:
Air Conditioning
Air Compressor
2.3. Auxiliary Water Pump
The Auxiliary Water Pump (item 13) provides independent water flow through the locomotive water
system when the APU is running.
NOTE: This pump can operate when the locomotive engine is running.
Transfers heated water to designated locomotive components:
Main Engine
Compressor
Water Tank
Qil Cooler
Turbo after-coolers
2.4. APU Heat Exchanger
The APU Heat Exchanger (item 4) transfers the APU reject heat to the locomotive water system.
Provides a cooling method for the APU Engine.
NOTE: Eliminates the need for an engine radiator.
2.5. APU Controller
The APU Controller (item 14) starts and stops the APU Engine based on:
e WTSI1 Sensors (item 15) (APU comes with one located at the water pump and

Figure 2 an optional one located at the locomotive system dump valve or coldest point).

e 74 VDC locomotive battery condition. The 74 VDC battery level sensing circuit
will sense when the batteries drop to 62/63 VDC.

e Cab Heat Sensor. This sensor is provided with the Ecotrans cab heater. It will
request that the APU start at 45°F (7°C) and shut down at 55°F (13°C) if all
other conditions are met.

e Optional functions - Air Compressor, Air Conditioning etc. TBD

Senses APU Running based on:
Rail APU generator (item 1) output. The APU has started and the 120/240 VAC
generator is outputting > 20 Hz.
Senses APU Generator (item 1) VAC output based on:
Rail APU is running and the 120/240 VAC output is > 210 VAC. The correct VAC output
is indicated by the AC Volts OK light located on the panel (item 16).
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Monitors Rail APU systems diagnostics:
STALL i meaning that: The APU controls had sensed that the APU Engine was running
and the Hz dropped to O for > 2.5 seconds.
OVERCRANK i meaning that: The APU Engine attempted to start 5 times but the
controls had NOT sensed that the APU Engine was up to running speed (> 20 Hz).
OVER TEMP i meaning that: The APU Engine has reached an overheating condition
and has been shut down by either the Overheat Sensor (item 17) or the Coolant
Sensor.
LOW OIL i meaning that: The APU Engine oil pressure sensor (item 7) has dropped to
< 7.5 PSI due to a low oil level or a low oil flow condition.
Visual Panel (item 16) indicates operational features:
System Loads
Run Commands
2.6. WTS1 1 Water Temperature Sensor 1
The WTS1 sensor (item 15) is a dual action switch that closes at 60°F (16°C) requesting the Rail
APU Engine to start and opens at 100°F (38°C) requesting the Rail APU to stop. ONLY requests
that the APU engine start up and shut down, it does NOT control the generator output loads once
the engine is running.
2.7. APU/Locomotive Water Heater
Water heater tank (item 10) with 3 electrical emersion heater elements providing 9 kW of heat for
the locomotive water system. Plumbed in series with the Auxiliary water pump (item 13) and
locomotive water system. Water is flowing through this system whenever the APU and/or the
Locomotive are running.
2.8. APU/Locomotive Water Heat Controls
A dual action temperature sensor (item 15) requests power to the heater elements. This sensor
closes @ 100°F (38°C) and opens at 140°F (60°C).
A N.C. (Normally Closed) overheat sensor (manual reset) connected in series with the temperature
sensor opens at 300°F (149°C) and protects the elements and tank from damage.
NOTE: These controls DO NOT start and stop the Rail APU and will only function after the RAIL APU
Engine has been requested to start one of the controls described in section 5 and AFTER the Rail APU
Engine warm up has been completed.
2.9. APU/Locomotive Oil Heater
Oil heater tank (item 11) with 1 electrical emersion heater element providing 1 kw of heat for the
locomotive oil system. Plumbed in series with the APU Engine driven oil pump & locomotive oil
system. Qil flow is provided through the locomotive system ONLY when the Rail APU is running.
2.10. APU/Locomotive Oil Heat Controls
A dual action temperature sensor (item 18) requests power to the heater elements. This sensor
closes @ 100°F (38°C) and opens at 140°F (60°C).
A N.C. (Normally Closed) overheat sensor (manual reset) connected in series with the temperature
sensor opens at 300°F (149°C) and protects the elements and tank from damage.
NOTE: These controls DO NOT start and stop the Rail APU and will only function after the RAIL APU
Engine has been requested to start one of the controls described in section 5 and AFTER the Rail APU
Engine warm up has been completed.

3.0 APU Components
3.1 Water System (M.E. water in the APU system)

3.1.1 M.E. Water

The common method is to draw water from the M.E. water drain piping and discharge the water to the engines
front end. This is described in the Installation Instructions.

Water is transferred by an electrical driven water-pump (WP). The WP has an Intake Valve (IV); which must be
tied open. It is only used during APU maintenance to isolate the M.E system from the APU.
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3.1.2 Water Pump
The WP is driven by an electric motor. On the drive end of the WP is a ceramic face seal.
A CAUTION

Do not run the WP without water as this can damage the seal.
From the WP, the water goes to the Heat-Exchanger to cool the APU engine and get heated by its waste heat.
From the Heat-Exchanger the water goes to the water heater tank and is then returned to the main engine.

3.1.3 Water Valves

The WP has an Intake Valve (IV) that must be tied open. It is only used during APU maintenance to isolate the
M.E system from the APU..

Figure 3
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3.1.4 Water Heater Tank

There are three 240VAC Immersion heaters in the Water Heater Tank. You will also find one Thermostat (T3)
and a manual reset Overheat Thermostat (OT4). T3 closes at falling 100F and Opens at 140F and controls the
heaters. OT4 opens at 300F. This will only occur if there is no water in the tank. Reset after cool down by
removing the guard and pushing in the center-button. All three heaters are controlled by T3.

Three Circuit Breakers (CB) marked W1, W2 and W3 supply and protect the heaters. The CBs can be used to
set heating capacity to seasonal demand and limit the load on the generator when other high Amp draw
devices, such as Cab Heaters are used. Each heater is 3000W and draws 240VAC-12.5 AMP

3.2 Coolant & Coolant Tank

For the APU is 50/50 Glycol & water. The Coolant must be filled to just below the pressure cap. System volume
is approx. 6 USG. Coolant is pumped by the APU engines internal pump and has a 220° F mechanical
thermostat in the pump housing.

The coolant flows from the engine to the coolant tank, then to the heat exchanger and then flows back to the
engine block. The pump is driven by a belt, the tension of this belt must be correct. An electric 12 VDC Thermo-
switch (CTS) connects to ground when cold. If the Coolant overheats the Thermo-switch will open indicating the
overheat condition. This will shut down the APU. NOTE: An open circuit or disconnected connector or
switch will cause an overheat warning.

A WARNING

When operating the APU in the Manual Mode, the system will not shut down automatically in case of a overheat
condition. If this happens when operating in the Manual Run Mode, no other signal than Alarm will occur.
When it happens in Enabled Mode, panel light in the ECU will announce and the Alarm is triggered.

The typical cause of overheated coolant is:
e FaultyWater Pump
e No M.E. water in APU system.
e Bad priming or closed Intake Valve or blocked Return Line.

Warning Coolant is very hot and under pressure, DO NOT OPEN filler cap on coolant tank when engine is
warm. (See notice on coolant tank)
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RAIL APU COOLANT-LOCOMOTIVE WATER SYSTEM

12vDC
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1.) WATER PUMP
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3) HEATER TANK M.E. WATER
4.) APU ENGINE BLOCK

5) COOLANT TANK

Figure 4
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3.3 Oil System (M.E. Qil in APU System)

3.3.1 M.E Lube Oil

Is drawn from the M.E. crank case via a Lube Pick Up (LPU) installed in the crank case inspection cover (see
Installation Instructions).

The Lube Oil Pump (LOP) is driven by the APU camshaft. It pumps 5 GPM. Normally pressure is below 80 PSI.

A restriction in the line due to any blockage or plumbing errors may result in pressures exceeding 3000 PSI.

From the pump, the oil goes to the Lube Oil Heater. The tank has an immersion heater 1000W 120 AC and a
Thermostat T1 (opens at rising 140F and closes at falling 100F) and a manual reset Overheat Thermostat OT2
(opens at 300F). Oil returns from the top of the APU via a Check Valve (OCV) to the Main Engine. The OCV
protects from oil loss if the ME runs and the APU does not run or has a leak.

—! M
g;

[5000 oo0o]
QOO0 CCOO

AT -

APU

FUEL TANK

LUBE OIL

FILTER TANK DRAIN PIPE

Figure 5

3.3.2 Oil Heater Tank

From the pump, the oil goes to the Lube Oil Heater. The tank has an immersion heater (1000W 120 Amp), a
Thermostat T1 (opens at rising 140F closes at falling 100F) and a manual reset Overheat Thermostat OT2
(opens at 300F)

The thermostats controls the heater via CB marked OH and Relay marked OHR. A red panel light marked OH
light up when current flows to the heater.

Oil returns from the top of the APU via a Check Valve (OCV) to the Main Engine, The OCV protects from oil loss
if the M.E. runs and the APU does not run and has a leak or an open system.
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OIL FROM
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OIL TEMP SWITCH
CLOSE 100°F
OPEN 140°F

OIL FROM M.E. LUBE
SYSTEM

120VAC =) =
MANUAL RESET OIL - kY % Il'\.
TEMPERATURE = '-\' k
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Figure 6

3.4 Lubrication of APU Engine

The engine has a Low Oil Pressure Switch (OPS) that opens the ground through the switch at Low Oil pressure.
This shuts down the engine. During start there is no oil pressure.

In Enabled Mode, the registration of the ground signal is delayed 15 seconds by the APU. After 15 seconds, the
pressure is usually established and the switch provides a ground signal. This provides a Fail Safe should the
switch be disconnected or there is a fault in the harness.

Should the oil pressure still be low, the Engine Control Unit (ECU) will shut down the engine and announce the
low oil pressure thereby lighting up the LED on the panel. The Alarm will be triggered.

When starting in manual mode, the operator interrupts the low oil pressure signal by pushing in and holding the
Override button (OV) until the engine picks up speed and oil pressure builds up.

If low oil pressure shut down occurs during Manual Run Mode, only the Alarm is triggered.

Normal Oil Pressure is 40-65 Psi depending on temperature.

Temporarily, (300 hours with daily dip stick check) the APU can be used by topping up crank case oil. After 300
hours, oil and filter must be changed and/or MUP system repaired. See section 6.5
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3.4.1 Lube Oil System

The APU engine has its own lube oil system.
The Lube Pump is built into the timing case.
Engine Crank Case Filter (change every 6 months). Refer to the Parts Manual for proper filter.
Engine Oil Level: Check dipstick daily; top up, using the proper oil for temperature conditions.

3.4.1.1 Make Up System

The Make Up system draws oil from the Make Up Tank (MUPT) placed on top of the engine. The oil flows from
MUPT via an Qil Level Controller (Murphy Valve) to the crankcase. There is also pressurized tank. This tank is
connected to the dual crankcase filters for extended time between oil changes.

Oil should be changed at a minimum every two years.

SENSOR OIL Ky )} < 0d 1l
Located above Kubota Starter

CHECK VALVE

0 OIL PUMP
i % KUBOTA ENGINE

ey 2
=5 ~4OIL FILTER
SENSOR B ? GROUP
oL & 2k
SV

OIL LEVEL CONTROL

Figure 7 Make Up System

=EIMPCO= Pagel3of 64

ECOTRANS



IMPCO ECOTRANS TECHNOLOGIES

3.5 Fuel System

The APU shares fuel tank with the M.E. Fuel is drawn from a Standpipe through a check valve. It flows to the
electric fuel pump (12VDC) powered by a relay on the DC Board. This pump has a Strainer and a Foot valve. If
fuel is dirty and the pump has low suction head, clean the strainer.

3.5.1 Fuel Bleed

¢ Run the fuel pump without cranking the engine, by setting the Manual / Enable switch to the manual

position (this gives power to the manual switches inside Control Cabinet)

Turn Manual On Switch (MO) #AONO

Push and hold Override Switch (OV)

You will hear the air filled Fuel Pump ticking fast.

You will hear the pump pick up speed as fuel drains back to tank.

Close Purge valve slowly and listen to the pump slowing down

Leave Thumb wheel fully closed (CW).

A system with an open Purge valve will pump fuel excessively when it runs and prematurely clog up the

fuel filter. When the system is shut down, it can allow fuel to drain back to the tank and may require new

bleed operation to start again.

e If the engine stops after running for some time when the thumb wheel is closed, but runs ok with the
thumb wheel open, there may be an air leak on the suction side between pump and tank.

3.5.2 Fuel Filter
Change according to the maintenance schedule. Refer to the Parts Manual for proper filter

THUMB WHEEL
PURGE VALVE CLOSED (CW)
AFTER BLEED 1S COMPLETED

ﬂ_ﬂ

ENGINE INJECTOR
— ASSEMBLY

R

AN

— N

FUEL PUMP /
/@_— ==
. -‘/
\ i /
FUEL TANK
BLEED VALVE
STRAINER P
F—D- TO ENGINE INJ. PUMP CLEAN PERIODICALLY
MECH. FUEL PUMP STAND PIPE
Not on all JF’
application
Y
Figure 8 Fuel Components
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3.6 Alternator

Charges the APU battery (12 VDC)
The engine alternator is a belt driven 40 amp 12 VDC unit with an internal regulator. The nominal output
of the alternator is 13.7 VDC.

Figure 8 Alternator

3.7 Battery

Standard 12 VDC Battery
950 cold crank amps

3.8 Battery Charger (Transtronic)

This is a 1.5 KW battery charger designed for locomotive mounting within the car body. The unit is
capable of supplying 21 amperes of charge current at 74 VDC.

The output maximum voltage is factory set to 74VDC + 1.5VDC. The current limit is 21 + 2.5 amperes.
The unit will operate at maximum current until the battery charger raises the battery voltage towards 74
VDC. As the voltage approaches full charge the current will decline toward 10 amperes or less depending
on the battery condition.

3.8.1 Battery Charger Connections

Charger

Connection
=EIMPCO= Pagel5 of 64
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10AWG must be run from the battery charge terminal box mounted on the APU to the locomotive

batteries for sensing and charging the locomotive batteries. NOTE: i f charger cables are
8AWG should be used.

For a Cab mounted location, the installer is responsible for providing a locomotive battery connection

from the cab to the terminals inside the control box.

_wtl\

Connections, Locomotive
Battery to Control Box.

3.8.2 Operational Specifications
Output

Voltage 74VDC * 1.5VDC

Current limit21 A+ 2.5 A

Input

Voltage 240 Vac+30VAC

Current 7.5A max. @ 240VAC

Protection:

Input Internal fuse + circuit breaker in APU Control Cabinet
Output Circuit breaker for incorrect polarity connection,
Thermal Thermal shutdown with automatic restart

Infinite short circuit capability without breaker trip internally limited current
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3.8.3 Operation

With no power from the APU and the charger breaker closed with battery voltage applied to the battery
charger terminals, all indicator lights will be off.
Start the APU and apply AC power to the battery charger (circuit breaker in Control Cabinet).

The RED indicator light, INTERNAL FAULT, will light for up to 45 seconds.

The GREEN indicator light, SYSTEM OK, will light indicating normal operation and the RED indicator
light, INTERNAL FAULT, will go out. Current will be applied to the battery and the voltage will rise
depending on the state of charge of the battery up to the limit of the battery charger operating voltage.

If the charger circuit breaker is opened with the battery voltage applied to the battery charger terminals,
the YELLOW indicator light, BREAKER OPEN, will illuminate.

This will occur whether or not the AC power is applied to the battery charger.

In normal operation only the GREEN indicator light, SYSTEM OK, will be illuminated.

NOTE: With the charger breaker open, or with no load or very light load conditions, the RED indicator
light, INTERNAL FAULT, will flicker even though the GREEN indicator light, SYSTEM OK, is illuminated,
this is a normal operating characteristic of the switch mode battery charger.

If the charger breaker immediately trips when closed, this indicates that the battery polarity connection to
the battery charger is reversed, correct the wiring and try again. If the battery polarity is correct, the
YELLOW indicator light, BREAKER OPEN, will illuminate with the charger breaker open.

Figure 11
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4.0 APU Management

APU Management starts and stops the APU and its sub-system in response to conditions on the
Locomotive or in response to operators input.

4.1 Control Cabinet

Control Cabinet contains:
Power Distribution (Circuit Breaker Assembly)
Control Panel with ECU, 12 VDC PC Board, 120 VAC PC Board

A WARNING

High voltage is present inside the control cabinet when the APU is running.
The APU may start at any time.

Lock out the APU before working inside the cabinet
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Emergency Stop

2-Hour Run Button

Figure 12 Control Cabinet

DC-Board

AC-Board

Figure 13 Control Cabinet, Interior
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4.2 ECU Specifications

Operating Voltage: 7 to 15VDC continuous, with zero volts cranking dropout
protection

Operating Temperature: -40 to +85°C

Finishing: Conformal coated

Front Panel Indications
-Hi gh intensity LEDG6s with regulated brightness

LCD Display:
-Ultra-bright, Backlight LCD display with optimum viewing angle of 0 to -25° from perpendicular

-Display Size (mm): 8 (W) x 32 (H) x 12.8 (D) x 16 characters

ECU Fixed Settings

Warm-up: 105 seconds (After Oil Bypass Feature)
Cool-Down: 120 seconds

Glow Plug: 10 seconds

Crank Disconnect: 20 Hz

Crank Engage/Rest: 10 seconds

Crank Tries: 5

Oil Bypass: 15 seconds

Low Battery Indication: 11.7V@12VDC, 62-64V@74VDC

Stall Indication: 3 seconds

4.2.1 Inputs

Speed Sensing
Generator Output Speed Sensing

Failure/Switch Inputs

-Oil Pressure, Water Temperature
-Accepts standard industry low impedance (0-500 ohm) sender inputs
(VDO, Stewart-Warner, Datcom, Murphy, etc.)

4.3 Protection

-Three on-board replaceable 40A fuses protect Failure, Crank, glow plug and a 20A fuse for the Fuel
Pump Outputs

-Reverse polarity protected

-Short circuit & overload protection on annunciation outputs

-Inputs are electrostatic discharge protected

4.4 Outputs
-All outputs positive switched (sourcing)
-Failure, Crank, Glow Plug, Fuel Solenoid Outputs: 40A each, using standard 40A automotive relays
-Fuel Output: Auxiliary fuel pump 20A, using standard 20A automotive relays
-Annunciation Outputs: Glow Plugs

Starter

Main Power 300mA individually, 350mA combined

4.5 Connections
-Removable Molex plug-in connectors for annunciation outputs and low power connections
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-DB9 Serial connection for Data Logger programming as well as MT3500 modem communications
-Dedicated Output for data logging and modem

4.6 ECU Controller/ DC Board

Figure 14
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Terminal | Input/
Number | Output | Description Goes To Description / Operation
1| Input Battery + APU 12 VDC Battery +
2 | Input Battery + APU 12 VDC Battery +
Power Feed from 12VDC APU
3 | Input Battery + APU 12 VDC Battery + battery to APU controls
Power Feed from 12VDC APU
4 | Input Battery + APU 12 VDC Battery + battery to APU controls
Ground from 12VDC APU batter
5 Battery- APU 12 VDC Battery | to APU controls
6 Battery- APU 12 VDC Battery
Signal from the Control System {
7 | Output | StarterSolenoid | APU Starter Solenoid | crank the APU Engine
Turned on for a controlled time
8 | Output | Glow Plugs To Engine Glow Plugs | prior to starting the engine.
9 | Output | Fuel Pump (+) To Electric Fuel Pump| Power and Ground fahe fuel
10 | Output | Fuel Pump-§ To Electric Fuel Pump pump
Alternator
11| Output | Excitation To Field of Alternator | Turns on the Alternator
12 | Input Alternator Lamp
A Normallyopenswitch that
closeswith pressure. A loss of
pressure or a break in the circuit
Oil Pressure Engine Oil Pressure | will indicate a failure and shut
13| Input Switch switch down the APU
Oil Pressure
14 | Input Switch
A normally closed switch which
Coolant Temp 1 willopenath o n x C 6 M M J
Jumperedo 16, indicating an over temp
Engine Coolant | Engine temperature condition. An open circuit will
15 | input Temp. sensor also indicate overheat.
Coolant Temp 2
Jumperedo 15, Jumper in place so 2 circuits rea
Engine Coolant the one sensor. A missing jumps
16 | Input Temp. will indicate an overheat.
To APU Failed Horn, if
17 | Output | Horn (+) equipped
18 | Output | Horn €)
To APU Starting
19 | Output | Buzzer (+) Warning Buzzer
20 | Output | Buzzer+)
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J45 Engine
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FS F4 / F3 F2
40A 40A _|.HHH|_ 40A 20A
' ! /SA || SA ! [
T oy 2o Z 'f EN
@ pr— Qe p—e ?: Qe o ==
- - ~ A\ =
141 ML E L7 |
L - - “
F9 Starter
F7 Glow Plug
F8 ECU

F6 +VBat
Figure 16 DC Board Fuses
Fuse Rating Circuit
F2 20 Amp Fuel Pump / Kubota Engine ECU Accessory Input
F3 40 Amp Starter
F4 40 Amp Glow Plugs
F5 40 Amp Horn/ Alarm
F6 5 Amp 12 VDC power to DC Board
F7 5 Amp Glow Plug Output Signal to Engine ECU
F8 5 Amp 12 VDC to Engine ECU
F9 5 Amp Starter Output Signal to Engine ECU

\“v . \ » '*l‘:'b ‘.,

Figure 17
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J45 Pin# | Description Comments
1 Accessory Input to Kubota | Enable Signali Key Ono si gn
ECU
2 Starter Output Signals the ECU that starter is engaged
(Crank)
3 Glow output Signals the ECU that Glow Plugs are on
4 + VBat Power to ECU Hot all times
5 Ground
6 Alternator L Excitation Turns on Alternator
7 Not Used
8 Not Used
9 Not Used
10 Kubota Diagnostic LED Input to DC Board
Connector Name Signal Connects to
Number
J1 2 Hour Run 2 Hour Run push button on
the front of the control panel
J2 Enabled / Manual Enabled / Manual Switch on
Switch control cabinet door
J19171 1/5 Engine Speed 240 VAC Generator Main Breaker
Sensing
J19171 3/7 Engine Speed 240 VAC Generator Main Breaker
Sensing
J2271 4/8 Battery Charge 74 VDC - To Battery Charger Junction
Sensing box or 74 VDC terminals in
J227 2/6 Battery Charge 74 VDC + the Control Box
Sensing
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4.7 AC Board

J1 EST Interface

F2

F3

F6

J4 Water Temperature
Sensor WTS1

J6 APU Run
Request

F4

F5

J17 Interface to
DC Control Board

J2 Interface to DC
Control Board

Figure 18 AC Board
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J19 Modem Interface

Fuse

Amp
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2A

Failure
Signal to
EST, High
= Fault
Condition

F4
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12VDC In
Power to
Board

F5

5A
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Sensors

F6
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ECU-AC 12-POSITION HARNESS ASSEMBLY

Terminal Wire Size Current max. Function
ECU | AC (AWG)
1 6 18 7mA Failure Input Terminal
2 5 18 7TmA Pressure Input Terminal (APU)
4 3 18 7TmA Temperature Input Terminal
5 2 18 7TmA Engine Run Input Terminal
6 1 18 300mA Ground Terminal
7 12 18 300mA Auto Input Terminal
8 11 18 7TmA Warm-Up Terminal
9 10 18 7TmA Water Temp. Input Terminal
10 9 18 7TmA Qil Input Terminal
11 8 18 7mA Fuel On Input
12 7 18 300mA Ground Terminal
ECU-AC 24-POSITION HARNESS ASSEMBLY
Terminal Wire Size Function
ECU | AC (AWG)
1 12 18 Pressure Switch Input
2 11 18 Water Temp (WTS1) Input
3 10 18 T1/ OT2 Coolant Over Temp Switch Power
4 9 18 T3/ OT4 Oil Over Temp Switch Power
5 8 18 Aux Relay Control
6 7 18 Oil Heater Relay Control
7 6 18 Water Heater 1&2 Relay Control
8 5 18 Water Heater 3 / Optional Relay Control
9 4 18 Battery Charger Relay Control
10 3 18 Compressor Relay Control
11 2 18 Air Conditioning Relay Control
12 1 18 Water Pump Relay control
13 24 18 Air Conditioning Switch Input
14 23 18 2 Hour Cab Start Input
15 22 18 Water Temp (WTS2) Input
16 21 18 +12V Battery Power for E-Stop
17 20 18 Ground
18 19 18 Ground
19 18 18 Battery Charge Current Transformer
20 17 18 Common Input for Current Transformers
21 16 18 Water Heater 3 Current Transformer Input
22 15 18 Water Heater 2 Current Transformer Input
23 14 18 Water Heater 1 Current Transformer Input
24 13 18 Oil Heater Current Transformer Input
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AC BOARD TERMINAL DESCRIPTION

Term | Wire | Description Function
# Size
(AWG)

J1-1 12 +12VDC Battery Output to the EST (if +12VDC Battery connection
required)

J1-2 12 Warm-up Output Connection. The warm-up output will be energized
for a period of 105 seconds to allow
the running APU to run under a no-
load condition. Provides 40A
maximum.

J1-3 18 Failure Output Connection. Failure Output Input to EST to
indicate a fault

J1-4 18 Temperature switch Output. Connection point for temperature
switch output.. +Vbatt meaning engine
OK, and Ground meaning failure.

J1-5 18 Oil pressure Switch Output. Connection point for pressure switch
Output. Ground meaning engine OK,
and +Vbatt meaning failure.

J1-6 12 Auto Connection. Tells when the APU is Auto Terminal Input to EST to indicate

in Enabled Mode the system is in Auto Mode High =
Auto

J1-7 Not Used

J1-8 18 Start input to the APU Not Used

J1-9 18 Not used Not Used

J1-10 12 APU Battery Ground Output for EST A good ground connection directly
ground.. from the battery is required for proper

operation

J6-1 18 Water Temp switch (WTS2) at dump WTS2 Input (optional)
valve of locomotive. This temperature
switch is a N.O switch.

J6-2 18 Water Temp switch (WTS2) at dump WTS2 Power (optional)
valve of locomotive. This temperature
switch is a N.O switch.

J6-3 18 Cab Start switch. This Start switch is a Cab Start switch. Input from EST to
N.O switch. When this switch is closed, APU to start the APU from the cab.
the APU runs for 2 hours.

J6-4 18 Cab Start switch. This Start switch is a Cab Start switch Power. When this
N.O switch. . switch is closed, the APU runs for 2

hours

J6-5 18 HVAC. This switch is a N.O switch. When | Cab Heat switch Signal (optional)
this switch is closed the APU starts and
WH3 heater will be turned off. (cab heat
thermostat connection)

J6-6 18 HVAC. This switch is a N.O switch. When | Cab Heat switch Power (optional)
this switch is closed the APU starts and
WHS3 heater will be turned off (cab heat
thermostat connection)
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IMPCO ECOTRANS TECHNOLOGIES

J6-7 18 Air pressure switch. This Air pressure Air pressure switch Signal (optional)
switch is a N.O switch. When this switch
is closed the APU starts and WH3 heater
will be turned off (compressor switch
input)

J6-8 18 Air pressure switch. This Air pressure Air pressure switch Power (optional)
switch is a N.O switch. When this switch
is closed the APU starts and WH3 heater
will be turned off (compressor switch
input)

J6-9 18 Water Temp switch (WTS1) at dump WTS1 Input Signal
valve of locomotive engine. This
temperature switch is a N.O switch., this
switch closes at falling 60 F and opens at
rising 100 F.

J6-10 18 Water Temp switch (WTS1) at dump WTS1 Input Power
valve of locomotive engine. This
temperature switch is a N.O switch. This
switch closes at falling 60 F and opens at
rising 100 F.

J6-11 18 Oil Temperature switch (T1/OT2) at APU. | Oil Heater Tank has reached
This temperature switch is a N.C switch. Maximum Temperature, Cycles the

heater off.

J6-12 18 Oil Temperature switch (T1/OT2) at APU. | T1/OT2 Input Power
This temperature switch is a N.C switch.

J6-13 18 Water Temperature Switch (T3/0T4) at Water Heater Tank has reached
APU. This temperature switch is a N.C Maximum Temperature, Cycles the
switch. heater off.

J6-14 18 Water Temperature Switch (T3/OT4) at T3/0OT4 Input Power
APU. This temperature switch is a N.C
switch.

J19-1 18 Digital 1/O line 0 from communications To Modem to indicate a failure
modem

J19-2 18 Digital 1/O line 1 from communications To Modem to indicate the APU is in
modem the Auto Mode

J19-3 18 Digital 1/O line 2 from communications To Modem to indicate the APU is
modem running

J19-4 18 Digital 1/O line 3 from communications To modem, Locomaotive is Running
modem

J19-5 12 Ground Ground

J19-6 18 +12Vdc from ECU +12Vdc from ECU

J19-7 12 Ground Not Used

J19-8 - Not Used Not Used
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4.8 Wiring Installation Guidelines

Danger: Never work on the engine while its power is on. This controller does not generate
a warning signal prior to automatic engine start. Warning signs should be placed on engine
equipment indicating this important safety measure.

1. DO NOT use wire smaller than 18 AWG.

2. IMPORTANT: The connections supplying DC power to the ECU panel should preferably run directly
from the battery posts with no splices or other connections. Avoid using chassis (aluminum or iron
engine parts), as return conductor for battery negative voltage. Copper wiring is recommended.
Failure to follow the above may result in erratic operation due to large voltage drops across wiring
connections.

3. DO NOT exceed the maximum rated current and voltage on each of the controller outputs. Do not
exceed 40A each for the Failure Output, Crank Output or Glow Plug Output and Pull Coil Output. Do
not exceed 20A for the Fuel Output

4. DO NOT short Crank Output or Fuel Output to ground. This will cause damage to the unit.

5. To verify the operation of engine controller outputs, measure voltage (i.e. meter in volts) when outputs
should be ON.

INSTRUCTIONS
Following these instructions will help avoid common installation problems during wiring and setup.

e Battery must be disconnected before any wiring connections are made.
¢ Wire length from the engine to the controller should not exceed 6 meters (20 feet).

Wiring size and type should be as specified below. Use stranded wire, since solid wire has a tendency to
crack, break and loosen over time.
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4.10 MT3500 Modem Wiring Connection Diagram

CONO0001
1 TO AC BOARD 8

H EEESNEEN

0-0/d
I -0/Nd
¢-0/d

d43IMOd 1X3

Al-0 <

SEN. PWR 2>

'?5-0

a3y

D\|O_3 OR

+74V Loco Main ~/ 3V Loco
Battery

Engine Run
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Figure 19 Modem Wiring

=IMPCO=
ECOTRANS

[ ecinoLosiEs



IMPCO ECOTRANS TECHNOLOGIES

4.11 Manual Testing of Relays +AC Board

AC Board output relays are included to initiate
system loads. Relays may be manually tested for
correct functionality by using the following method:

1. Connecting the appropriate relay test point
to the main 12VDC test point.

2. Supplying +12 VDC to the relays test point
will energize the relay causing an active output.

3. Energized relays will be represented by an
illuminated LED directly next to the relay.

Figure 20
Figure 21 Relay Test Point
Main 12 VDC
Test Point
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