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The purpose of this course is to describe the components of the fuel system and the troubleshooting procedures for the fuel supply system.

Six credit hours are awarded for successful completion of this subcourse.  It consists of one lesson, divided into tasks as follows:

Lesson 1:  
THE COMPONENTS, OPERATION, AND


TROUBLESHOOTING PROCEDURES OF THE FUEL


SYSTEM ON THE M1 TANK

TASK 1: 
Describe the components and operation of

the fuel system on the M1 tank.

TASK 2: 
Describe the troubleshooting procedures

for the fuel system on the M1 tank.
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LESSON 1
THE COMPONENTS, OPERATION, AND TROUBLESHOOTING

PROCEDURES OF THE FUEL SYSTEM ON THE M1 TANK

TASK 1.  
Describe the components and operation of the fuel system on the M1 tank.

CONDITIONS
Within a self-study environment and given the subcourse text, without assistance.

STANDARDS
Within 2 hours

REFERENCES

No supplementary references are needed for this task.

1.  
Introduction
The turbine engine on the M1 tank burns diesel fuel mixed with compressed and heated air.  The fuel is provided to the engine through the fuel system.  In this task, the construction and operation of the fuel system will be described.

2.  
Construction and Operation of the Fuel System
The fuel system on the M1 Abrams tank is comprised of three fuel tanks, two in-tank fuel pumps, two fuel pressure switches, four fuel sensors, primary inline filter, fuel/water separator, final engine inline filter, electromechanical fuel system (EMFS), hydromechanical unit (HMU), transfer pump, and manifold assembly.

The three fuel tanks in the M1 Abrams tank consist of a total of six fuel cells: right front, left front, right rear engine, right sponson, left rear engine, and left sponson (figure 1).  The right and left front fuel cells are connected only by a vent 
1
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tube and work independently of one another.  The left front fuel cell supplies fuel to the personnel heater for the vehicle.  The two front cells store approximately 256.4 gallons of fuel which can be transferred to the rear fuel cells when needed.  The four rear fuel cells are connected together and make up the main fuel tank for the vehicle.  The rear fuel tank holds approximately 248 gallons of fuel.  This gives the M1 Abrams tank a fuel capacity of approximately 604.4 gallons when all fuel tanks are full.  The fuel cells are constructed of a high density, cross-linked polyethylene and are coated with a ceramic insulation material.  The front tanks and distribution system are divided into compartments to protect the crew.  Both engine compartment cells have drain ports which are accessible for easy cleaning of the cells.  The two sponson cells feed the two engine cells by gravity.  The front fuel cells are filled independently and the rear fuel tank can be filled from either the right or left sponson tank.
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FIGURE 1.  FUEL TANKS ON THE M1 TANK.

The two in-tank fuel pumps are located in the right and left rear engine fuel cells.  The in-tank pumps consist of a cable assembly, a 28 volt direct current motor, an inlet screen, impeller, shaft assembly/housing, and a mechanical housing (figures 2 and 3 on the following pages).  The in-tank fuel pumps supply fuel from the rear fuel tank to the hydromechanical unit.  The smoke generator is also supplied with fuel from the left rear engine in-
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 tank pump.  The in-tank fuel pumps are actuated when the starter button on the driver's instrument panel (DIP) is depressed.  The fuel pumps are monitored with the use of the fuel pressure switches in each rear engine fuel cell.  When one pump fails, a lamp on the driver's instrument panel will light, letting the driver know that he is operating with only one in-tank pump, and which one is faulty.
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FIGURE 2.  IN-TANK ELECTRIC FUEL PUMP COMPONENT PARTS.
1.
Cable Assembly
4.
Pump Impeller
2.
DC Motor
5.
Shaft Assembly/Housing
3.
Inlet Screen
6.
Mechanical Housing
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FIGURE 3.  IN-TANK MOTOR.

1.  Brush   2.  Thermal-0 Protector   3.  Capacitor

There are four fuel sensors in the system, the right front fuel cell, left front fuel cell, and the left rear engine cell.  The fourth will be discussed later.  The three sensors mentioned record the fuel level in the fuel cells indicated.  An exception is the rear engine sensors which record the fuel in the rear fuel tank when the fuel tank is 1/4 or less full.  In this case, a lamp will light on the driver's instrument panel indicating this condition.  The fuel level in any of the fuel tanks can be checked simply by positioning the fuel tank selector on the DIP to the tank to be checked.

The M1 Abrams tank has, therefore, a place for fuel, a way to measure the fuel in the tanks, and a way to move fuel out of the rear fuel tank.  When the start button is depressed, the in-tank pumps are actuated, sending fuel through a dual check valve manual fuel shutoff to the primary inline filter.  The primary inline filter has a manual bypass valve and a delta pressure switch.  The delta pressure switch is connected to the DIP electrically so that when the primary filter becomes clogged, a lamp will light on the DIP.  When the filter becomes clogged, the manual bypass valve can be actuated by 
4
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hand and the mission continued.  The primary fuel filter is attached to the fuel/water separator and has a bleeder valve on the top (figure 4).
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FIGURE 4.  FUEL/WATER SEPARATOR ASSEMBLY.
1.  
Filter Element      
4.  
Stop-Check Valve




(Manual Bypass)

2.  
Jumper               
5.  
Pressure Switch




(Delta)

3.  
Housing/Top          
6.  
Mounting Straps



7.  
Draincock
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When the fuel leaves the primary inline filter, it enters the fuel/water separator.  The fuel/water separator is comprised of three filters, a jumper, two sensors, sensor relay, solenoid valve, draincock, and a rectangular housing (figures 5 and 6 below and on the following page).  The fuel/water separator separates a percentage of water from the fuel in the system.  The two sensors on the fuel/water separator automatically drain the water from the unit when the water level makes contact between both sensor units.
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FIGURE 5.  FUEL/WATER SEPARATOR ASSEMBLY.

1.
Sensor Relay
4.
Solenoid Valve
2.
Electrical Lead
5.
Sensors

3.  
Housing
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FIGURE 6.  WATER SEPARATOR FUEL FILTER ASSEMBLY.
1.  
Draincock      
2.  
Filters

When the fuel leaves the fuel/water separator, it goes into the final engine inline filter, and is then transferred to the hydromechanical unit.  By the time the fuel has reached the hydromechanical unit, it has been filtered once in the primary inline filter, once in the fuel/water separator, and then in the final engine inline filter.  The fuel at this point should be almost 100% clean.

Fuel now enters the electromechanical fuel system (EMFS) /hydromechanical unit (HMU).  This unit consists of two servovalves, backup solenoid, two transducers, shutoff solenoid, filter, metering valve, bypass valve, and a fuel pump (figure 7 on the following page).  We will refer to this unit as the HMU or EMFS.  The fuel pump in the HMU is an 
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electrically controlled gear unit.  The HMU is mounted to the accessory gearbox module of the engine; it receives an electric transmission from the electronic control unit (ECU) which tells the HMU how much fuel is to be released by the fuel pump to the combustor.  The electronic control unit continually sends signals to the EMFS for the steady operation of the vehicle at any speed.
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FIGURE 7.  FLOW HANDLING UNIT SCHEMATIC.

The last part of the fuel system that will be discussed is the transfer pump and manifold assembly.  First the transfer pump, which consists of a centrifugal pump, impeller, and dc motor (figure 8 on the following page and figure 9 on page 10).  The pump moves fuel from the front fuel tanks to the rear, when the rear fuel level is 1/4 or below.
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FIGURE 8.  FUEL TRANSFER PUMP ASSEMBLY COMPONENT PARTS

1.  Centrifugal Pump   2.  Impeller   3.  DC Motor

The manifold assembly consists of a housing, solenoid plunger, electrical coil, electrical connector, and conduit sleeve (figure 10 on page 11).  The transfer pump is connected to the manifold assembly and is actuated by a switch on the driver's instrument panel.  Depending on the position in which the switch is placed, a determination is made as to which front fuel tank the fuel will come from.  When the switch is turned the solenoid plunger in the manifold is actuated, allowing the connect port to open for fuel flow.  In order to transfer fuel from the front tanks to the rear, the low fuel lamp on the driver's instrument panel must be lit, indicating that the rear tank is down to 1/4 or less.

The M1 Abrams tank must be on level ground to transfer the fuel, to avoid overfill of the rear tank.  To prevent pressurization of fuel lines and associated hazards within the covered compartment, and for other safety reasons, activate the transfer of fuel only during non-combat operation.
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FIGURE 9.  FUEL TRANSFER PUMP MOTOR COMPONENT PARTS.

1.
Electrical End Bell
5.
Front Bearing
2.
Insulator Disk
6.
Rear Bearing

3.
Brush Holder with
7.
Electrical


Brushes

Switch Yoke

4.  
Armature
8.
Electrical Filter
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FIGURE 10.  FUEL PUMP MANIFOLD COMPONENT PARTS.

1.  
Housing
3.  
Electrical Coil
2.  
Plunger Solenoid

3.  
Conclusion

The purpose of describing the components and operation of the fuel system in this task was to familiarize the mechanic with the system.  This familiarization will be needed to perform the next task which involves the troubleshooting procedures for the fuel system.
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LESSON 1
THE COMPONENTS, OPERATION, AND TROUBLESHOOTING

PROCEDURES OF THE FUEL SYSTEM ON THE M1 TANK

TASK 2.  
Describe the troubleshooting procedures for the fuel system on the M1 tank.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within 3 hours

REFERENCES

No supplementary references are needed for this task.

1.  
Introduction

In this task, three examples will be used to describe the troubleshooting procedures for the fuel supply system.  When a problem exists within the fuel supply system and troubleshooting is the necessary action, the mechanic should obtain TM 9-2350-255-20-1-2-1 to locate the fault.  The three troubleshooting procedures that will be used as examples in this task are FSS-1, FSS-6, and FSS-14, found in the fault symptom index for the fuel supply system.

Each troubleshooting procedure contains many pathways leading the mechanic into different fault directions.  For the purpose of instruction, each example used in this task will have a known fault.

Before the explanation of the troubleshooting procedures begins, a brief introduction of the troubleshooting approach will be described.

12
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2.  
Troubleshooting Approach

a.  
General.  Troubleshooting is a step-by-step process of finding the cause of problems with the tank.  In this task we will be troubleshooting the fuel supply system.

b.  
Troubleshooting Index.  The troubleshooting index, which is found in Chapter 3, Table 3-1 of TM 9-2350-255-20-1-2-1, is the master reference table for locating troubleshooting information within a particular functional group.  It lists each group or system and provides a reference, by figure number, to the troubleshooting information for that system.  An example of this index is shown in Table 1, below.

TABLE 1.  EXAMPLE OF THE TROUBLESHOOTING INDEX.
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c.  
Test Equipment Procedure Index.  The test equipment procedures index found in Chapter 4, Table 4-1, of TM 9-2350-255-20-1-2-1, lists the test equipment and special tools used for troubleshooting and provides a reference, by figure number, to the detailed instructions for their use.  An example of this index is shown in Table 2 on the following page.

d.  
Troubleshooting Roadmaps.  Troubleshooting roadmaps, found in Chapter 5 of TM 9-2350-255-20-1-2-1, are provided for each functional system.  They 
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give the mechanic an overall view of the assemblies or parts included in each system.  The troubleshooting roadmap for the fuel system is shown in Table 3.

TABLE 2.  EXAMPLE OF THE TEST EQUIPMENT PROCEDURES INDEX.
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TABLE 3.  FUEL SYSTEM TROUBLESHOOTING ROADMAP.
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e.  
Fault Symptom Indexes.  Separate fault symptom index tables (Chapter 6 in TM 9-2350-255-20-1-2-1) are provided for each functional group or system.  Each table lists the fault symptoms for the system, and refers to the TM and paragraph where the troubleshooting procedures for that system can be found.  The symptom may not be exactly as described in the indexes.  If that is the case, find the most closely resembling symptom, and the referenced troubleshooting procedure.  The indexes also contain a resources-required column that lists the number of personnel required to do each troubleshooting procedure.  Table 4 shows the fault symptoms covered in this task.

TABLE 4.  EXAMPLE OF THE FUEL SUPPLY FAULT SYMPTOM INDEX.
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f.  
Troubleshooting Procedures.  The troubleshooting procedures in the TM are in the form of fault isolation flowcharts.  Each flowchart begins with a fault symptom that can be seen, felt, or heard during operation of the tank, without using test equipment.  Step-by-step instructions for finding and correcting the fault are given for each symptom.  When needed, illustrations are included for the symptom, showing locations of all test points and 'how each troubleshooting step should be done.  If a tank still has problems after 
15

TROUBLESHOOT M1 FUEL SYSTEM - OD 0488 - LESSON 1/TASK 2
a troubleshooting procedure has been performed, the tank may have had more than one fault.  Check the fault symptom index for another troubleshooting procedure and continue troubleshooting.

The troubleshooting procedures in this task will not be in the form of fault isolation flowcharts.  They will be described as if the mechanic is actually troubleshooting the tank and different symptoms are being found.

g.  
Alternate Troubleshooting Procedures (ATPs).  Alternate troubleshooting procedures (ATPs) are also included in TM 9-2350-255-20-1-2-1.  ATPs for unit-level provide troubleshooting procedures to be used when automated test equipment (ATE) is not available.  ATE for troubleshooting the hull systems is identified as simplified test equipment - M1/fighting vehicle system (STE-M1/FVS) test set.  ATPs are for skill level two personnel with appropriate MOS training.  They are limited to those procedures which can be performed by using the conventional test equipment available to unit maintenance personnel.  

There will be no alternate troubleshooting procedures covered in this task.  This paragraph was provided for your information.

h.  
Connector Diagrams.  Included in the troubleshooting illustration are connector diagrams showing the location of each pin, or socket, in relation to the main key or keyway on the connector.  Examples of the four common types of connector diagrams are shown in figure 11 on the following page.  Connector views have been turned, when necessary, to show all lettering in an upright position.

3.  
Hull Standard Initial Test Conditions

When troubleshooting the three procedures that are

used as examples in this task, the tank controls

must be set up for hull standard initial test

conditions.  This section will provide the initial

test conditions for the driver's, gunner's,

commander's, and loader's station.

a.  
Commander's Station.
(1)  Commander's Control Panel (see figure 12, on the following page).
16
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FIGURE 11.  COMMON TYPES OF CONNECTOR DIAGRAMS.
o  Set the TURRET POWER switch (1) to OFF.

o  Set the VEHICLE MASTER POWER switch (2) to OFF.

o  Set the PANEL LIGHTS control (3) to the maximum clockwise position.
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FIGURE 12.  COMMANDER'S CONTROL PANEL.
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b.  Gunner's Station.

(1)  Gunner's Primary Sight Upper Panel (see figure 13, below).
o  Set the DEFROSTER switch (1) to OFF.

(2)  Gunner's Primary Sight Lower Panel (see figure 13).
o  Set the PANEL LIGHTS control (2) to the maximum clockwise position.
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FIGURE 13.  GUNNER'S PRIMARY SIGHT (UPPER AND LOWER PANEL).
(3)  Gunner's Image Control Unit

o  Set the THERMAL MODE switch (1)(figure 14 on page 20) to OFF.
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(4)  Gunner's Auxiliary Sight Panel (figure 14 on the following page).

o  Set the RETICLE control (2) to the maximum counterclockwise position.

(5)  Ballistics Control Panel (figure 15 on page 21).

o  Set PWR switch (1) to OFF.

(6)  Laser Rangefinder (figure 15 on page 21).

o  Set the laser rangefinder switch (2) to SAFE.

(7)  Internal Gun Travel Lock (figure 15 on page 21).

(a)  Release the quick-release pin (3) from the roof strut (4).

(b)  Swing the internal gun travel lock (5) down into the main gun strut (6) and engage the quickrelease pin (3).

NOTE

The gun may have to be elevated or depressed to engage the quick-release pin.

c.  Loader's Station.
(1)  Turret Networks Box (figure 16 on page 23).

(a)  Open the circuit breaker access cover (1) on the turret networks box (2).

(b)  Set all circuit breaker switches (3) to ON.

(2)  Loader's Panel (figure 16).

o  Set the TURRET BLOWER switch (4) to OFF.

o  Set the GUN/TURRET DRIVE switch (5) to POWERED.

(3)  Turret Lock (figure 17 on page 23).
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FIGURE 14.  GUNNER'S IMAGE CONTROL UNIT AND GUNNER'S 

AUXILIARY SIGHT.
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FIGURE 15.  BALLISTICS CONTROL PANEL, LASER RANGEFINDER
AND INTERNAL GUN TRAVEL LOCK
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o  Turn the turret lock handle (1) clockwise to the LOCKED position.

NOTE

The turret may have to be traversed slightly left or right for the handle (2) to drop into the detent position.

d.  Driver's Station.

(1)  Driver's Master Panel (figure 18 on page 25).
o  Set the VEHICLE MASTER POWER switch (1) to OFF

o  Set the PERSONNEL HEATER temperature switch (2) to LOW and PERSONNEL HEATER fan switch (3) to OFF.

o  Set the NIGHT PERISCOPE switch (4) to OFF.

o  Set the GAS PARTIC FILTER switch (5) to OFF.

o  Set the BILGE PUMP switch (6) to OFF.

o  Set the SMOKE GENERATOR switch (7) to OFF.

o  Set the LIGHTS switch (8) to OFF.

o  Set the ENGINE TACTICAL IDLE switch (9) to OFF.

o  Set the PANEL LIGHTS control (10) to the maximum clockwise position.

(2)  Driver's Instrument Panel (figure 19 on page 25).
o  Set TANK SELECTOR switch (1) to REAR.
o  Make sure the 2nd SHOT guard (2) is closed.

(3)  Hull Networks Box (figure 19).
(a)  Open the circuit breaker cover (3) on the hull networks box (4).
(b)  Set all the circuit breaker switches (5) to ON.

(4)  Power Distribution Box (figure 19).
22
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FIGURE 16.  TURRET NETWORKS BOX AND LOADER'S PANEL.
[image: image23.png]



FIGURE 17.  TURRET LOCK.
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(a)  Open the circuit breaker cover (6) on the power distribution box (7).

(b)  Set all the circuit breaker switches (8) to ON.

4.  
Troubleshooting when FUEL CANNOT BE TRANSFERRED FROM LEFT FRONT FUEL TANK 

The rear fuel tank on an M1 is empty and the mechanic wants to transfer fuel from the left front fuel tank to replenish it.  When attempting to transfer the fuel, he finds that the fuel will not flow into the rear fuel tank.  To correct.  this fault, he would obtain TM 9-2350-255-20-1-2-1 and locate the fault symptom index for the fuel supply system.  When reviewing this index the correct fault symptom would be FUEL, CANNOT BE TRANSFERRED FROM LEFT FRONT FUEL TANK.  This fault symptom refers to the troubleshooting procedure described in the steps below.  For purposes of this example, the driver's instrument panel will be the defective component causing the fault.

a.  
Preparing to Troubleshoot.  A number of conditions are necessary before troubleshooting can begin.

(1)  Common Tools.  The only common tool needed to perform this troubleshooting task is a pair of slip joint pliers, conduit style, with plastic jaw inserts.

(2)  Supplies.  The supplies that will be needed are connector pin/socket adapters and electrical jumpers.

(3)  Test Equipment/Special Tools.  This troubleshooting procedure requires the use of the breakout box toolkit and the multimeter.

(4)  Equipment Condition.  The following conditions must be met before working on the vehicle.

o  The tank should be parked.

o  The parking brake should be set.

o  The engine should be shut down.

o  The vehicle master power should be off.
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FIGURE 18.  DRIVER'S MASTER PANEL.
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FIGURE 19.  DRIVER'S INSTRUMENT PANEL, HULL NETWORKS BOX,
AND POWER DISTRIBUTION BOX.
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o  The rear fuel tanks must be less than 1/4 full.

b.  Starting the Troubleshooting Procedure.  The initial steps of the troubleshooting procedure for faulty fuel transfer from the left front fuel tank are as follows:

(1)  The mechanic would read the general troubleshooting and maintenance instructions which are found in paragraph 10-1 of TM 9-2350-255-20-1-2-1.

(2)  Then he would set up the tank hull controls for the standard initial test conditions as outlined in paragraph 3 on page 16 of this subcourse.

c.  Troubleshooting.  The first step in troubleshooting an inoperative left front fuel tank is to check the transfer tube for crimps.  For this example, the transfer tube is free of crimps.

The following connectors that could cause the left front fuel tank not to transfer fuel are now checked:

o  Try to turn 2W106-P4 connected to J1 on the driver's instrument panel.

o  Try to turn 2W106-P1 connected to J12 on the hull networks box.

o  Try to turn 2W106-P8 connected to J1 on the manifold assembly.

If any of the above connectors had been loose during this check, the mechanic would have been instructed to perform the appropriate connector inspection procedures.  We will assume, for this example, that none of the connectors were loose.

The next step to be performed is to set the VEHICLE MASTER POWER switch to OFF and connect the breakout box to TJ2 on the hull networks box (figure 20 on the following page).

To connect the breakout box to the hull networks box, three things need to be done:

o  Connect CABLE NO.  1-P1 (1) to the breakout box (2).

26
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o  Connect ADAPTER NO.  2-P1 (3) to TJ2 (4) on the hull networks box (5).
o  Connect CABLE NO.  1-P2 (6) to ADAPTER NO. 2-J1 (7).
[image: image26.png]



FIGURE 20.  CONNECTING THE BREAKOUT BOX TO THE HULL 

NETWORKS BOX.
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Once the breakout box is hooked up to the hull networks box, the multimeter should be prepared for a dc voltage test.  The dc voltage test will test for 18 to 30 volts direct current (vdc) between test points 9 (-) and 77 (+) on the breakout box, with the FUEL TANK SELECTOR switch set to LEFT FRONT.  Refer to figure 20 on the previous page to aid in understanding the following dc voltage test steps.

o  Connect black test probe (8) to test point 9 on the breakout box (2).

o  Connect red test probe (9) to test point 77 on breakout box (2).

o  Set the TANK SELECTOR switch (10) to LEFT FRONT.

o  Set the VEHICLE MASTER POWER switch (11) to ON.

When all these steps have been executed, the multimeter should show between 18 and 30 vdc.  If the multimeter did show between 18 and 30 vdc, the mechanic would follow another pathway.  But for this example, the multimeter does not show 18 to 30 vdc.

The mechanic must now conduct another voltage test, this time between the breakout box and the driver's instrument panel.  The first thing that must be done is to set the VEHICLE MASTER POWER switch to OFF.  Next, connect the breakout box to TJ1 on the driver's instrument panel, by performing the following steps and referring to figure 21 on the following page:

o  Disconnect ADAPTER NO.  2-P1 (1) from TJ2 (2) on the hull networks box (3).

o  Connect ADAPTER NO.  2-P1 (1) to TJ1 (4) on the driver's instrument panel (5).

A test for 18 to 30 vdc between test points 9 (-) and 77 (+) on the breakout box can now be made, by performing the next steps and referring to figure 21 on the following page:

o  Connect the black test probe to the test point 9 on the breakout box (6).
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o  Connect the red test probe to test point 77 on the breakout box (6).
o  Set the VEHICLE MASTER POWER switch (7) to ON.

[image: image27.png]



FIGURE 21.  CONNECTING THE BREAKOUT BOX TO THE DRIVER'S
INSTRUMENT PANEL.
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The multimeter should show between 18 to 30 vdc for the test.  If it did not show this voltage, the driver's instrument panel would be replaced.  For this example, 18 to 30 vdc were present.  The remaining steps will determine the defective component by use of a continuity test.

The VEHICLE MASTER POWER switch is set to OFF and the multimeter is prepared for a continuity test.  Before performing the continuity test, harness connector 2W106-P4 is disconnected from J1 on the driver's instrument panel.

A test for continuity is now made between test point 77 on the breakout box and contact DD on the driver's instrument panel J1 as follows (see figure 22):

o  Connect the black test probe (1) to test point 77 on the breakout box (2).

o  Connect the red test probe (3) to contact DD on J1 (4).
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FIGURE 22.  TESTING FOR CONTINUITY BETWEEN BREAKOUT BOX

AND J1 ON DRIVER'S INSTRUMENT PANEL.
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At this time, if the multimeter did show continuity, the mechanic would proceed with the troubleshooting procedure.  But for this example, we will assume that the multimeter did not show continuity, therefore the driver's instrument panel was defective and will have to be replaced.  The replacement procedures for the driver's instrument panel are found in paragraph 11-4 of TM 9-2350-255-20-1-3-6.  After replacing the panel, be sure to verify that the problem is solved by test operating the system.

5.  
Troubleshooting when WATER SEPARATOR DOES NOT AUTOMATICALLY DISCHARGE COLLECTED WATER

In task 1, we learned that the purpose of the fuel water separator is to separate a percentage of the water from the fuel in the system.  When the water separator does not automatically discharge collected water, the engine may not start and the fuel injector may become damaged.  Therefore, when this symptom is observed, it should be troubleshooted.  For the example described below, the water separator control module will be defective.

a.  Preparing to Troubleshoot.  A number of conditions are necessary before troubleshooting can begin.

(1)  Common Tools.  The only common tool needed to perform this troubleshooting procedure is a pair of slip joint pliers, conduit style, with plastic jaw inserts.

(2)  Supplies.  The supplies that will be needed are connector pin/socket adapters and electrical jumpers.

(3)  Test Equipment/Special Tools.  This troubleshooting task requires the use of the breakout box toolkit and multimeter.

(4)  Equipment Condition.  The following conditions must be met before working on the vehicle.

o  The tank should be parked.

o  The parking brake should be set.
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o  The engine should be shut down.

o  The vehicle master power should be off.

o  The transmission shift control should be set to N.

b.  
Starting the Troubleshooting Procedure.  The initial steps of the troubleshooting procedure for a possible faulty fuel/water separator are as follows:

(1)  The mechanic would read the genera] troubleshooting and maintenance instructions which are found in paragraph 10-1 of TM 9-2350-255-20-1-2-1 before doing any work.

(2)  Then he would set up the tank hull controls for the standard initial test conditions that were described in paragraph 3, on page 16.

c.  
Troubleshooting.

The first step in troubleshooting the fuel/water separator is the check to see if an electrical connector is loose that could cause this symptom.

o  Try to turn 2W161-P2 connected to J1 on the solenoid valve.

o  Try to turn 2W161-P] connected to the solenoid valve (SV) on the water separator control module.

o  Try to turn 2W159-P13 connected to the power (PWR) on the water separator control module.

If any of the above connectors had been found loose during this check, the mechanic would have been instructed to perform the appropriate connector inspection procedure.  For this example, no connectors are loose, therefore the mechanic would proceed, making sure the engine is shut down and the vehicle power is off.

Next, the mechanic would disconnect 2W159-P13 from the PWR connector on the water separator control module, in order to prepare for a dc voltage test on 2W159-P13.  To make this voltage test requires the breakout box to be connected to TJ2 on the bull networks box.  Refer to figure 23, on the next page, when reviewing these steps:
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o  Connect CABLE NO.  1-P1 (1) to breakout box (2).

o  Connect ADAPTER NO.  2-P1 (3) to TJ2 (4) on the hull networks box (5).

o  Connect CABLE NO.  1-P2 (6) to ADAPTER NO.  2-J1 (7).

After the connection is made, set circuit breaker 7 (8) on the hull networks box (5) to OFF and connect jumper (9) between test points 40 and 71 on the breakout box (2).

[image: image29.png]2W159-P13





FIGURE 23.  2W159-P13 VOLTAGE TEST.
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NOTE

The STARTED light may come on and stay on for 10 seconds when the jumper is connected.

To begin the testing, set the VEHICLE MASTER POWER switch to ON.

A test for 18 to 30 vdc between contacts A (-) and B (+) on 2W159-P13 can now be made by doing the succeeding steps and referring to figure 23 on the previous page:

o  Connect the black test probe (11) to contact A on 2W159-P13 (12).

o  Connect the red test probe (13) to contact B on 2W159-P13 (12).

After carrying out the above steps, the multimeter should show between 18 to 30 vdc.  If the multimeter did not show this voltage, the mechanic would be instructed to perform a continuity test on harness connector 2W107-P1 and then continue testing.  But, for this example, assume that the multimeter did show 18 to 30 vdc.

The mechanic would set the VEHICLE MASTER POWER switch to the OFF position and then connect 2W159-P13 to the PWR connector on the water separator control module.  Next, he would disconnect harness connector 2W161-P1 from the SV connector on the water separator control module to prepare the system for a voltage test.

The voltage test is between the contacts on the water separator control module SV.  To conduct this voltage test, the VEHICLE MASTER POWER switch should be ON.

Test for 18 to 30 vdc between contacts A (-) and B (+) on the water separator control module SV by connecting the black and red test probes as described below and referring to figure 24, on the following page.

o  Connect the black test probe (1) to contact A on SV (2).

o  Connect the red test probe (3) to contact B on SV (2).
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FIGURE 24.  WATER SEPARATOR CONTROL MODULE SV.
If the multimeter showed 18 to 30 vdc, the mechanic would be instructed to continue with the troubleshooting procedure.  For this symptom, the multimeter did not show 18 to 30 vdc.  Therefore, the water separator control module is defective.  The control module would be replaced, in accordance to the procedures found in TM 9-2350-255-20-1-3-2, paragraphs 4-8.

6.  
Troubleshooting when LEFT FRONT FUEL TANK SHOWS ZERO ON THE FUEL GAGE AT ALL TIMES - OTHER FUEL TANKS OK

This situation occurs where the FUEL gage shows zero with all the fuel tanks full.  The logical way to determine the cause of this malfunction is to troubleshoot the fuel supply system.  Provided below is the troubleshooting procedure that the mechanic will need to find the malfunction.  For this example, the malfunction will be a defective left front fuel level transmitter.

a.  
Preparing to Troubleshoot.  Similar to the previous procedures, a number of conditions are necessary before troubleshooting can begin.

(1)  Common Tools.  The only common tool needed to carry out this troubleshooting task is a pair of slip joint pliers, conduit style, with plastic jaw inserts.

(2)  Supplies.  The supplies that will be needed are connector pin/socket adapters and electrical jumpers.
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(3)  Test Equipment/Special Tools.  This troubleshooting procedure requires the use of the breakout box toolkit and the multimeter.

(4)  Equipment Condition.  The following conditions must be met before working on the vehicle.

o  The tank should be parked.

o  The parking brake should be set.

o  The engine should be shut down.

o  The vehicle master power should be off.

o  The FUEL TANK SELECTOR switch should be set to RIGHT FRONT.

o  All fuel tanks should be full.

b.  Starting the Troubleshooting Procedure.  The initial steps of the troubleshooting procedure for a possible faulty driver's instrument panel or hull networks box are as follows:

(1)  The mechanic would read the general troubleshooting and maintenance instructions, which would be found in paragraph 10-1 of TM 9-2350-255-20-1-2-1.

(2)  Then he would set up the tank hull controls for the standard initial test conditions that were described in paragraph 3 on page 16 of this subcourse.

c.  
Troubleshooting.  When troubleshooting this symptom, the mechanic must first check to see if an electrical connector is loose that could cause the fault.  The steps below outline how to perform this check.

o  Try to turn 2W106-P4 connected to J1 on the driver's instrument panel.

o  Try to turn 2W106-P1 connected to J12 on the hull networks box.

o  Try to turn 2W106-P7 connected to 2W106-1-J1.
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If any of these connectors had been found loose during this check, the mechanic would have been directed to perform the appropriate connector inspection procedure.  For this example, assume that none of the connectors were loose.

To determine which component is faulty, a fuel gage test is conducted between the breakout box and the driver's instrument panel.  Before beginning this test, make sure that the vehicle master power is off.

The next step to be performed is to disconnect 2W105-P1 from J2 on the hull networks box and then connect the breakout box to TJ1 on the driver's instrument panel by carrying out the following procedure, referring to figure 25 on the following page.

o  Connect CABLE NO.  1-P1 (1) to the breakout box (2).

o  Connect ADAPTER NO.  2-P1 (3) to TJ1 (4) on the driver's instrument panel (5).

o  Connect CABLE NO.  1-P2 (6) to ADAPTER NO.  2-J1 (7).

CAUTION

Make sure the FUEL TANK SELECTOR switch is set to RIGHT FRONT.  Failure to do so could cause damage to the fuel gage.

To test the fuel gage, connect the jumper (8) between test points 20 and 21 on the breakout box (2) and set the VEHICLE MASTER POWER switch (9) to the ON position.  At this time, if the fuel gage showed full, the driver's instrument panel would be the defective component.  But, for this example, the fuel gage did not show full.  So, the VEHICLE MASTER POWER switch is set to OFF and 2W106-P7 is disconnected from 2W106-1-J1.
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FIGURE 25.  CONNECTING BREAKOUT BOX TO DRIVER'S 

INSTRUMENT PANEL.
Next, the multimeter is prepared for a dc voltage test.  This voltage test will test for 18 to 30 vdc between contacts 1 (-) and 2 (+) on 2W106-P7.  To carry out the test, the following steps should be taken (figure 26 on the following page):

o  Connect the black test probe (3) to contact 1 on P7 (2).

o  Connect the red test probe (1) to contact 2 on P7 (2).

o  Set the VEHICLE MASTER POWER switch (4) to ON.

At the completion of this test, for this example, the multimeter did show between 18 to 30 vdc.  The VEHICLE MASTER POWER switch is set to OFF and the multimeter is prepared for a continuity test.
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FIGURE 26.  TESTING FOR VOLTAGE BETWEEN CONTACT 1 (-) 

AND 2(+) ON 2W106-P7.
Before performing the continuity test, a jumper is connected between contacts 1 and 3 on 2W106-P7.  A test for continuity on 2W106-P7, between test points 9 and 21 on the breakout box, is now executed by connecting the black test probe to test point 9 on the breakout box and the red test probe to test point 21 on the breakout box.  For this example, the multimeter shows continuity for 2W106-P7.

A test for less than 5 ohms is now performed between test points 9 and 21 on the breakout box after connecting 2W106-P7 to 2W106-1-J1.  The mechanic would then execute this test, using the multimeter, by the black test probe to test point 9 and connecting the red test probe to test point 21.  For this example, the multimeter shows less than 5 ohms.

Another test for less than 5 ohms, using the same test points, is performed.  But, in this case, 2W106-P7 is disconnected from 2W106-1-J1.  The black test probe is connected to test point 9 and the red test probe is to test point 21.  When the test is completed, the multimeter reads more than 5 ohms.

A test for less than 5 ohms is again conducted, on the same test points, but first 2W106-P7 is reconnected to 2W106-1-J1 and 2W106-1-P1 is disconnected from J1 on the left front level transmitter.  After connecting the black test probe to test point 9 and the red test probe to test 
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point 21, the needle of the multimeter reads more than 5 ohms.

Because the multimeter does not show less than 5 ohms, the left front fuel level transmitter is the defective component and has to be replaced.  Before replacing the fuel level transmitter, 2W105-P1 is connected to J2 on the hull networks box.  The left front fuel level transmitter is then replaced in accordance to TM 9-2350-255-20-1-3-2.  Be sure to test operate the system after the replacement to verify that the problem has been solved.

7.  
Conclusion

Remember, the troubleshooting objective is to isolate defective components so that repair or replacement procedures performed will make the equipment operable again.  When completing a troubleshooting procedure, always retest the equipment to ensure proper operation.  If equipment is not operational, notify support maintenance.
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PRACTICAL EXERCISE 1

1.  
Instructions

Read the scenario and respond to the requirements that follow the scenario.

2.  
Scenario

SSG Jones is the motor sergeant in charge of all vehicles, 5 of which are M1 tanks.  Two of the five tanks have been down for 2 days.  In one tank the water separator is not discharging the collected water, and in the second tank fuel cannot be transferred from the left front fuel tank and the FUEL gage of that tank is always at zero.  SSG Jones has assigned you to troubleshoot these two M1 tanks and to make the necessary replacements and repairs.  Because it has been a long time since you have worked on an M1 tank, you decide to refresh your memory on the fuel systems major components and the procedures for troubleshooting.

3.  
Requirement

Below is a list of questions that you feel will give a general understanding of the components of the fuel system and the troubleshooting procedures for the symptoms mentioned above.

a.  There are three fuel tanks on the M1 tank that consist of a total of six fuel cells.  Where are these fuel cells located? 

b.  What is the fuel capacity of the M1 tank when all the fuel tanks are full? 

c.  What components make up an in-tank pump? 

d.  By the time the fuel reaches the hydromechanical unit, it has been filtered three times.  What are the three filter elements? 

e.  How is the transfer pump, which is connected to the manifold assembly, actuated? 

f.  If fuel cannot be transferred from the left front fuel tank, what is the first troubleshooting step? 
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g.  When troubleshooting the fuel supply system, which switch must be OFF before any connections or disconnections are made? 

h.  When using the multimeter to perform a dc voltage test, what volts direct current should be read from the multimeter? 

i.  When troubleshooting a faulty fuel/water separator, what three harness connectors are checked for looseness? 

j.  What should always be done after the completion of a troubleshooting procedure? 
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LESSON 1.  PRACTICAL EXERCISE - ANSWERS

Requirement

a.  Right front, left front, right rear engine, right sponson, left rear engine, and left sponson.

b.  The fuel capacity is 504.4 gallons.

c.  An in-tank pump consists of a cable assembly, a 28 volt direct current motor, an inlet screen, an impeller, a shaft assembly/housing, and a mechanical housing.

d.  The three filter elements are the fuel/water separator, the primary inline filter, and the final engine inline filter.

e.  The transfer pump is actuated by a switch on the driver's instrument panel.

f.  The first troubleshooting step would be to check for crimps in the transfer tube.

g.  The VEHICLE MASTER POWER switch.

h.  The multimeter should read between 18 to 30 vdc.

i.  2W161-P2 connected to J1 on the solenoid valve, 2W161-P1 connected to the solenoid valve (SV) socket on the water separator control module, and 2W159-P13 connected to the power (PWR) socket on the water separator control module.

j.  At the completion of a troubleshooting procedure, the equipment should always be tested again to ensure proper operation.
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