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GENERAL

The purpose of this subcourse is to introduce the M1 Abrams tank systems mechanic to troubleshooting the engine system (electrical subsystem) on the M1 tank.
The scope of this subcourse broadly covers the components (identification, location, description, and operation) and the maintenance problems associated with the electrical subsystem on the engine, and the troubleshooting procedures that are followed to ascertain the cause of the malfunction.

Six credit hours are awarded for successful completion of this subcourse, which is composed of one lesson with two tasks and an examination.

Lesson 1:
THE FUNCTION AND MAINTENANCE TROUBLESHOOTING PROBLEMS
OF THE ENGINE ELECTRICAL SUBSYSTEM ON THE M1 TANK

TASK 1: Describe the components and function of the engine electrical subsystem.

TASK 2: Describe the maintenance troubleshooting problems of the engine electrical subsystem.
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LESSON 1

THE FUNCTION AND MAINTENANCE TROUBLESHOOTING

PROBLEMS OF THE ENGINE ELECTRICAL SUBSYSTEM

ON THE M1 TANK

TASK 1.
Describe the components and function of the engine electrical subsystem.

CONDITIONS

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

STANDARDS

Within two hours

REFERENCES
No supplementary references are needed for this task.

1.  Introduction

The M1 Abrams tank is the newest and fastest main battle tank in the Army's inventory.  The M1 is capable of covering great distances, at great speeds.  In order for the M1 to accomplish this task, the engine must be working at peak performance.  The purpose of this subcourse is to introduce the M1 Abrams tank systems mechanic to the M1 engine, and in particular to the electrical subsystem of the engine.

In task one of this lesson, the identification, location, description, and operation of the components that comprise the M1 engine electrical subsystem will be covered.  In task two, problems or malfunctions that maintenance personnel face with this subsystem, and the troubleshooting procedures used to locate and isolate the cause of the problems, will be discussed.
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2.
Electrical System Components.  All vehicles require an electrical system to provide starting, ignition, lighting, and instrumentation.  In this section, the components that comprise the engine electrical subsystem on the M1 tank will be covered.  The name, location, description, and operation of these components will be discussed.

a.
Electronic Control Unit.  The electronic control unit (ECU)(figure 1) is a white cast aluminum box which is mounted in the crew compartment.  It acts like a computer, monitoring specific controls and engine data, analyzing the control signals and the engine data, and sending the proper electronic signal to the electromechanical fuel system (EMFS) on the engine to start and keep the engine running properly.  Input signals are also provided to the driver's maintenance indicator panel.  The ECU also monitors the power turbine stator and the inlet guide vane actuator's feedback signal from the EMFS.

FIGURE 1.  ELECTRONIC CONTROL UNIT (ECU).
[image: image2.png]



Controls which feed the ECU are the start/stop switch and the speed select (throttle).  Signals sent to the EMFS are the power turbine stator signal, inlet guide vane signal, and the proportional fuel signal.  Provisions are provided for a backup fuel flow, if needed, and a fuel shutoff signal.  The ECU is a computer that controls and regulates a variety of engine operations.  These operations include starting, overspeed and overtemperature protection, and output speed governing for normal idle, tactical idle, maximum speed, and engine shutoff.  The ECU
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is also a part of the electromechanical fuel system.  This system automatically provides the proper fuel flow for starting, based on the engine temperature, which results in high reliability starting.

b.
Ignition and Start System.  Pressing the start switch completes a circuit to the electronic control unit, which is programmed to provide start fuel scheduling, apply starter voltage, apply igniter voltage, and monitor engine speed during the start cycle.  The ignition voltage is fed through the ignition lead to the spark igniter.  The spark igniter ignites the air fuel mixture and, at the same time, voltage from the starter relay is applied to the starter motor.  As the starter motor turns, the gears of the accessory gearbox crank the high pressure compressor to start the engine.

c.
Electromechanical Fuel System (EMFS).  The EMFS takes the electronic signals received from the ECU, and converts them to usable energy to control and direct fuel flow.  The fuel flow is directed to the fuel nozzle, and to the power turbine stator and the inlet guide vane actuators.  Feedback cables, from the power turbine stator and the inlet guide vane actuators to the EMFS, equip the EMFS to return a feedback signal to the ECU.

d.
Maintenance Indicator Harness.  The maintenance indicator wiring harness incorporates connectors for the hull interface panel, oil float switch, ignition lead harness, oil pressure transmitter, oil temperature transmitter, clogged oil filter switch, ignition exciter input lead, and the starter pilot relay.

e.
Thermocouple Harness.  The thermocouple harness is used to measure the power turbine stator (PTS) inlet temperature, it consists of an electrical connector, shielded manifold, and twelve thermocouples.

f.
Fuel Management System Harness.  The fuel management system wiring harness incorporates connectors for the hull interface panel, high pressure compressor speed pickups, inlet air temperature sensor, electromechanical fuel system, power turbine (PT) speed pickup harness and connector, and PT speed pickup connectors.
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g.
Electrical Disconnect Panel.  The electrical disconnect panel interfaces the engine electrical system to the vehicle electrical system.  The panel also enables the engine electrical wiring harness to be disconnected or connected at one central location to facilitate removal and installation of the powerpack.  Electrical connections are provided for the maintenance indicator, thermocouple, and the fuel management harnesses.  Provisions also exist for connecting the starter, alternator, transmission, and T7 gas temperature harnesses.

h.
Hull Networks Box.  The hull networks box (figure 2) is the main junction box for all electrical power circuits in the hull.

FIGURE 2.  HULL NETWORKS BOX.
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The assembly consists of circuit breakers and relays which control electrical power to the hull systems and to the tank turret, through the hull/turret slipring.
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i.
Hull Power Distribution Box.  The hull power distribution box (figure 3 on the following page) controls and distributes electrical power to the hull networks box.  The box contains four manual reset circuit breakers and three automatic reset circuit breakers.  The three main circuit breakers (CB1 through CB3) trip when they get hot and automatically close when they cool off.  The other breakers trip when the current through them goes above their rating.  They must then be reset by hand.  Power from the circuit breakers to the tank systems is controlled by relays, which energize or deenergize in response to switch settings on the driver's master panel and commander's control panels.

FIGURE 3.  HULL POWER DISTRIBUTION BOX.
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j.
Alternator.  The alternator (figure 4 on the following page) provides the basic direct current (dc) operating power (24 to 28 vdc) for the tank.  It is connected to the rear power takeoff on the transmission and rotates when the engine is running.  The rotating field produces an alternating current (ac) voltage which is changed to dc by a series of diodes.  Engine oil is pumped through the alternator case to keep it cool.  A pump and pressure relief valve in the case provide cooling oil flow and case pressure regulation.
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FIGURE 4.  ALTERNATOR.

[image: image5.png]



k.
Starter.  The starter (figure 5) is a 24 vdc electrical motor that runs when 24 vdc is applied to it.  Power to the starter is controlled by the driver's engine start switch, and by a starter pilot relay which deenergizes automatically when the engine speed reaches about 55 percent rpm. 
FIGURE 5.  STARTER.
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l.
Driver's Instrument Panel.  The driver's instrument panel (figure 6 on the following page) shows the driver the performance and condition of the vehicle.  Performance includes vehicle speed, engine rpm, fuel remaining and battery voltage.  Vehicle condition includes engine and transmission high oil temperature and low oil pressure.  A MAINTENANCE MONITOR section of the driver's instrument panel contains 12 lights to warn the driver of possible problems in the vehicle.
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FIGURE 6.  DRIVER'S INSTRUMENT PANEL.
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m.
Driver's Master Panel.  The driver's master panel (figure 7, on the following page) contains the control switches and indicator lights for turning on the various tank systems.  The switches are either rotary, toggle, or the pushbutton type, which apply power to the systems through relays in the hull networks box.  All the lights, except the ENGINE ABORT and the PARKING BRAKE ON, are controlled by their associated switches and tell the driver when each system is on.  The ENGINE ABORT light warns the driver of a condition which requires that engine start be delayed until certain safety procedures are completed.  The PARKING BRAKE ON light tells the driver that the tank parking brake is not released.
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FIGURE 7.  DRIVER'S MASTER PANEL.
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n.
Alert Panel.  The alert panel (figure 8) has two indicator lights and two pushbutton switches.  The MASTER CAUTION light is yellow and the MASTER WARNING light is red.  The alert panel informs the driver if any of the warning or caution circuits on the tank, which are monitored by the alert panel, have detected a malfunction.  Once a master light is lit, it remains lit until the RESET button is pushed.  The PANEL DIM switch lowers the brightness of the MASTER CAUTION and the MASTER WARNING indicator lights for night-time operation.

FIGURE 8.  ALERT PANEL.
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o.
Steering, Throttle and Shift Select Assembly.


(1)
The steering, throttle and shift select assembly (figure 9 on the next page) allows the driver to control engine speed, shift the transmission, and steer the tank.  Steering and

8

T/S M1 ENG. ELECT. SUBSYST. - OD 0484 - LESSON 1/TASK 1
shifting are not connected to the engine electrical subsystem and will not be discussed in this subcourse.


(2)
Throttle Control.  The throttle control signal is produced by a rotary variable differential transformer (RVDT), which is connected to the steering bar twist grip handles by gears.  The RVDT primary winding receives an ac excitation signal of 20 + 0.05 volts at 3500 + 200 hertz (Hz) from the engine electronic control unit.  In the neutral position, this input signal produces an output of 0.26 + 0.10 volts, peak to peak.

FIGURE 9.  STEERING, THROTTLE, AND SHIFT SELECT

ASSEMBLY.
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3.
Electrical System Operation

Starting the turbine engine depends on the electrical system and is automatically controlled by the electromechanical fuel system (EMFS) and the ECU.  Starting the engine is a relatively simple operation but certain precautions and procedures must be observed to effect a safe and efficient start.  Visual indicators, instruments, and warning devices, which relate to engine running and malfunction of the engine and its related equipment, are installed in the driver's compartment.  Electrical operation of the start sequence is as follows:

a.
Start Sequence.  Depressing and releasing the start switch completes a circuit to the ECU, which is programmed to do the following:
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(1)
The ECU energizes the main and backup fuel valves to the closed position in the EMFS.  It then applies voltage to the start pilot relay and the ignition exciter.


(2)
The starter pilot relay completes a circuit to the starter solenoid, which in turn energizes the starter.  The rotational energy from the starter is transferred through gearing in the accessory gear box (AGB) and the mid-frame housing to the high pressure (HP) compressor to crank the engine.


(3)
Simultaneously, the 24 vdc applied to the ignition exciter generates and applies 12,000 vdc at 3 to 30 sparks per second to the igniter plug in the combustor through the lead assembly.


(4)
At 5 percent HP compressor speed, the main fuel valve is deenergized (opened) by the ECU, and starting fuel is metered to the combustor.  The igniter plug ignites the fuel/air mixture in the combustor, and the ECU monitors the high pressure compressor speed during the start sequence, by means of the magnetic speed pickup on the AGB.  At 55 percent high pressure compressor speed, the start sequence is completed, and the ECU removes electrical power from the starter and the ignition exciter.

b.
Unsuccessful Start Sequencing.  The start attempt is aborted when 30 seconds has elapsed and high pressure compressor speed (Nh) is below 55 percent.  The ECU turns off the starter and the ignition exciter energizes and closes the main fuel valve and then, after the lapse of 60 seconds, power is removed from the ECU.  There are additional protective modes that may occur during the start sequence, but these will not be covered here.

c.
Steady State Operation.  By means of the three electrical harnesses (maintenance indicator, thermocouple, and fuel management harnesses) the ECU continuously monitors oil temperature, oil pressure, oil filter condition, engine inlet temperature, driver demand, power turbine inlet temperature, high pressure compressor speed, and fuel flow.

d.
Depressing STARTER ONLY Switch.  With the MASTER BATTERY switch in the ON position, depressing

10

T/S M1 ENG. ELECT. SUBSYST. - OD 0484 - LESSON 1/TASK 1
the STARTER ONLY switch disables the fuel and ignition circuits, and purges the engine with an air flow.

4.
Conclusion

In this task, the components that comprise the engine electrical subsystem were covered.  Several of the components covered are not directly related to the engine electrical system; however, they relate to it indirectly.  These components are the driver's instrument and master panels, the alert panel, and the steer, throttle, shift select assembly.  They are related to the engine electrical subsystem through the controls and indicators that they contain.
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LESSON 1

THE FUNCTION AND MAINTENANCE TROUBLESHOOTING

PROBLEMS OF THE ENGINE ELECTRICAL SUBSYSTEM

ON THE M1 TANK

TASK 2.
Describe the maintenance troubleshooting problems of the engine electrical subsystem.

CONDITIONS

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

STANDARDS

Within three hours

REFERENCES

No supplementary references are needed for this task.

1.
Introduction

Task one of this lesson stressed the importance of the engine electrical subsystem.  Without this subsystem, the engine would not start and there would be no way of monitoring the fuel or any other vital area of the tank engine and operation.

In task one, the components that comprise the engine electrical subsystem were covered.  In addition, the basic principles of operation were discussed.

In this task, test equipment, troubleshooting approach, and the troubleshooting procedures for several of the various malfunctions that may occur in the engine electrical subsystem will be covered.
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2.
Test Equipment

There are three pieces of test equipment that the M1 Abrams tank systems mechanic will use during the troubleshooting procedures.  These three pieces of test equipment are discussed in the subparagraphs below.

a.
Breakout Box.  One of the pieces of test equipment that the M1 tank systems mechanic will use is the breakout box.  The breakout box, with its adapters and test accessories, provides access to electrical connector contacts that would otherwise be inaccessible for test measurements.  When used with the multimeter, the breakout box is an important tool for performing alternate troubleshooting procedures; it is normally used when the STE test set is not available, or is malfunctioning.  The breakout box, associated adapters, and test accessories provide access to electrical connector contacts and aid in troubleshooting.  They are used when measurements are required at connectors on the tank components, cable harness connectors, or at component test jacks.  Test accessories contain pin/socket adapters, jumpers, and other items required to make test set-ups.

b.
Multimeter.  The AN/PSM-45 is the most commonly found multimeter in the automotive unit maintenance number 1 and number 2 common tool sets.  It is of military design and is an important and useful piece of test equipment.  It can be used to make voltage, resistance, and continuity checks on the M1 tank circuits; and, when the STE-M1/FVS test set is not available, the AN/PSM-45 multimeter is used in conjunction with the breakout box to troubleshoot malfunctions in the various M1 tank subsystems.

c.
Simplified Test Equipment-M1/Fighting Vehicle Systems (STE-M1/FVS) Test Set.  The STE-M1/FVS test set is made up of common hardware and peculiar hardware.  The common hardware items are used for testing all the vehicles that the test set supports.  This hardware is used in conjunction with the peculiar hardware, which contains items necessary to meet the requirements of the vehicle being tested.  In this case, the peculiar hardware described will be from the M1 peculiar group, since the common hardware group and the M1 peculiar group are used together to checkout and troubleshoot the
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M1 tank subsystems.  The power for the operation of the test set is supplied by the vehicle.  Figure 10 shows a block diagram of the STE-M1/FVS test set.

FIGURE 10.  STE-M1/FVS TEST SET BLOCK DIAGRAM.
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(1)
Common Hardware.  The common hardware items consist of a vehicle test meter (VTM), a controllable interface box,(CIB), a set communicator (SETCOM), and associated adapters and cable assemblies.


(a)
Vehicle Test Meter.  The vehicle test meter (VTM) is the basic unit to which the controllable interface box (CIB) and the set communicator (SETCOM) are connected.  A microprocessor within the VTM controls its internal operation and the data inputs and outputs.  The VTM receives input power from the CIB.  In the stand-alone mode, the VTM is able to measure voltage, resistance, current, and frequency.  The VTM is a part of the VTM/transducer kit/set communicator assembly (figure 11 on the following page).
14
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FIGURE 11.  VTM/TRANSDUCER KIT/SET COMMUNICATOR

ASSEMBLY.
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(b)
Controllable Interface Box.  The controllable interface box (CIB) is connected by cables to both the VTM and to the vehicle being tested.  The CIB has two identical 128-pin connectors.  When these connectors are used with the test cables and peculiar hardware items, they connect to the vehicle test connectors and active junctions.  The CIB also contains a microprocessor for multiplexing, communication, and power control.  The CIB is a part of the controllable interface assembly which also contains an adapter (figure 12 on the following page).
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FIGURE 12.  CONTROLLABLE INTERFACE ASSEMBLY.
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(c)
Set Communicator.  The set communicator (SETCOM) is the means by which the test set exchanges information with the operator.  A keyboard allows the operator to communicate with the test set.  These communications include the input of test data, test numbers, responses to observations, and commands to control the test progress.  Thirty nine characters of an alphanumeric (alphabet plus numbers) display are used by the operator to give instructions and request information.  The SETCOM is a part of the 
16
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VTM/transducer/set communicator assembly (refer to figure 10 on page 14).

(d)
Test Cables and Adapters.  The test cables and adapters assembly consists of a shorting plug, cable assemblies, and an adapter for vehicle testing (figure 13).
FIGURE 13.  TEST CABLES AND ADAPTERS ASSEMBLY.
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(2)
M1 Peculiar Hardware.  Some of the hardware to be used with the STE-M1/FVS test set was designed especially to be used with the M1 Abrams
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tank.  The M1 peculiar hardware consists of four assemblies, each in its own transit case.


(a)
Stabilization/Turret Accessories.  The stabilization/turret accessories assembly contains electrical diagnostic breakout assemblies (DBA), branched cables, plugs, electrical adapters, and a transducer.


(b)
Engine/Transmission/Fire Extinguisher/Hull Accessories.  The engine/transmission/fire extinguisher/hull accessories assembly consists of test fittings and adapters, transducers, and cables.  An infrared simulator, used in testing the fire extinguisher system, is also included in this case.


(c)
Hull Test Accessories.  The hull test accessories assembly contains test adapters to run the hull system tests.


(d)
Turret Test Accessories.  The turret test accessories assembly contains adapters to conduct turret systems tests.

To find the set-up, test, and operating procedures for the various test equipment that was covered in this section, refer to TM 9-2350-255-20-1-2-2.

This is the test and diagnostic equipment that the M1 tank systems mechanic will use in troubleshooting the various malfunctions within the engine electrical subsystems.  Let's cover the troubleshooting approach and the actual malfunctions.

3.
Troubleshooting Approach

a.
General.  Troubleshooting is a step-by-step process of finding the cause of problems with complex equipment.  This section explains the overall approach used for troubleshooting on the M1 Abrams tank.

b.
Troubleshooting Procedures.  The troubleshooting procedures are presented 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.  Then, step-by-step instructions for finding and correcting the fault are given for each symptom.
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c.
Alternate Troubleshooting Procedures (ATP).  Alternate troubleshooting procedures are also included in this subcourse.  ATP's for unit maintenance provide troubleshooting procedures to be used when automated test equipment (ATE) is not available.  ATE for troubleshooting the hull systems is identified as the simplified test equipment-M1/fighting vehicle system (STE-M1/FVS) test set.  ATP's are for skill level #2 personnel, with appropriate MOS training, and are limited to those procedures which can be performed using conventional test equipment, available to unit maintenance personnel.

4.
Malfunctions

In this section of the task, we will cover some of the malfunctions that the M1 Abrams tank systems mechanic may be called upon to troubleshoot.  Throughout this section, a source of the problem will be selected and we will follow only those pathways that lead us to this conclusion.  However, keep in mind that these are examples only and may not match those found when doing troubleshooting.  The mechanic has to follow the pathways based on the responses received for each step.  Below is a list of the malfunctions that will be covered in this section.

ESS-2
ENGINE DOES NOT CRANK-ELECTRICAL SYSTEM METER SHOWS OVER 12 VOLTS DURING START ATTEMPT AND ABORT LIGHT COMES ON 7.5 SECONDS AFTER START ATTEMPT

ESS-3
ENGINE DOES NOT CRANK-ELECTRICAL SYSTEM METER SHOWS OVER 12 VOLTS DURING START ATTEMPT AND ABORT LIGHT DOES NOT COME ON AFTER A START ATTEMPT

ESS-6
ENGINE ABORTS START-ABORT LIGHT ON

ESS-7
ENGINE ABORTS-ENGINE ABORT LIGHT STAYS OFF

ESS-8
ENGINE ABORTS, OR SHUTS DOWN AUTOMATICALLY, AFTER ENGINE OIL PRESS LOW LIGHT COMES ON 
ESS-9
ENGINE STARTS-ENGINE STARTED LIGHT DOES NOT COME ON

ESS-10
ENGINE STARTS AND ENGINE STARTED LIGHT COMES ON PRIOR TO START AND STAYS ON
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ESS-11
ENGINE RUNNING NORMALLY AID FUEL CONTROL FAULTY LIGHT COMES ON

ESS-12
ENGINE RUNNING AND ENGINE OIL LOW LIGHT COMES ON, BUT ENGINE OIL LEVEL IS OK

ESS-13
ENGINE OIL TEMP HIGH LIGHT AND MASTER WARNING LIGHT COME ON

ESS-14
ENGINE RUNNING AND ENGINE ABORT LIGHT COMES ON

ESS-21
ENGINE LOSES POWER OR IDLE SPEED IS LOW-FUEL CONTROL FAULTY LIGHT STAYS ON

a.
Troubleshooting Symptoms ESS-2 and ESS-3.  The troubleshooting procedures that follow cover two malfunctions.  One malfunction, ESS-2, deals with the engine not cranking even though the ELECTRICAL SYSTEM meter shows over 12 volts during the start attempt and the ABORT light comes on, 7.5 seconds after the start attempt.  The second malfunction, ESS-3, deals with the engine not cranking, even though the ELECTRICAL SYSTEM meter shows over 12 volts; however, the ABORT light does not come on.  For these malfunctions we are assuming that the electronic control unit (ECU) is faulty.  We will follow only those pathways that leads us to this conclusion.  Remember, when troubleshooting, the mechanic must use the technical manuals and must follow the pathways based on the responses received for each step, which may be different than the ones shown here.

One afternoon a DA Form 2404 is sent to the workcenter with this malfunction ENGINE DOES NOT START-ELECTRICAL SYSTEM METER SHOWS OVER 12 VOLTS DURING START ATTEMPT AND THE ABORT LIGHT COMES ON 7.5 SECONDS AFTER START ATTEMPT.  The first step that needs to be performed is to verify that the malfunction does in fact exist.  This is accomplished in three ways; the first is to read the DA Form 2404; this will indicate what the initial malfunction is.  The second is by talking to the operator or crew; they can give valuable information about the conditions surrounding the discovery of the malfunction.  The third way is by actually operating the tank.  After the existence of the malfunction has been verified, the mechanic would open TM 9-2350-255-20-1-2-1 to the fault symptom index for the engine system and locate the troubleshooting procedures for this malfunction.
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After the troubleshooting procedures have been located, check to see what common and special tools and test equipment will be needed to troubleshoot this particular malfunction.  This information is located at the beginning of each troubleshooting procedure.  In this case, we will need the following tools:

· Flashlight

· Pocket knife

· Conduit style slip joint pliers, with the plastic inserts

· 5/16 inch combination wrench

· 3/8 inch combination wrench

· 3/4 inch combination wrench

· 3 ounce tube of type 1 adhesive sealant (MIL-A-46106)

· STE-M1/FVS test set, 12322400

Once all the tools and test equipment have been gathered together, ensure that the tank is parked and the parking brake is set, and that the VEHICLE MASTER POWER switch is in the OFF position.  After the above conditions have been met, perform the standard initial test conditions.  These procedures will only be presented in this section.  However, these conditions must be performed each time you troubleshoot the vehicle.  We will cover the standard initial test conditions station-by-station, beginning with the commander's station.


(1)
Commander's Station.  On the commander's control panel, set the TURRET POWER and the VEHICLE MASTER POWER switches to the OFF position.  Now set the PANEL LIGHTS control to the maximum clockwise position.


(2)
Gunner's Station.  First, set the DEFROSTER switch on the gunner's primary sight upper panel to the OFF position.  On the gunner's primary sight lower panel, set the PANEL LIGHT control to the maximum clockwise position.  Then place the THERMAL MODE switch on the gunner's image control unit to OFF.  Turn the RETICLE control on the gunner's auxiliary sight panel to the maximum
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counterclockwise position.  Ensure that the power switch on the ballistics control panel is OFF, and that the laser rangefinder switch is in the SAFE position.  Engage the internal gun travel lock by releasing the quick-release pin from the roof strut.  Now swing the internal gun travel lock down into the main gun strut and engage the quick-release pin.

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

(3)  Loader's Station.  Open the circuit breaker access cover on the turret networks box and set all of the circuit breaker switches to the ON position.  On the loader's panel, set the TURRET POWER switch to OFF and the GUN/TURRET DRIVE switch to the POWERED position.  Finally, turn the turret lock handle clockwise to the LOCKED position.

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


(4)
Driver's Station.  Starting with the driver's master panel set the VEHICLE MASTER POWER switch to the OFF position.  Set the PERSONNEL HEATER switches to LOW and OFF.  Set the NIGHT PERISCOPE, GAS PARTIC FILTER, BILGE PUMP, SMOKE GENERATOR, LIGHTS, and the ENGINE TACTICAL IDLE switches to the OFF position.  Turn the PANEL LIGHTS control to the maximum clockwise position.  Moving to the driver's instrument panel, set the TANK SELECTOR switch to the REAR position and ensure that the 2ND SHOT guard is closed.  Then open the circuit breaker access cover on the hull networks box and set all of the circuit breakers to the ON position.  Repeat the same procedure for the circuit breakers on the power distribution panel.

The first step, after the standard initial test conditions have been performed, is to check for a loose electrical connector.  Following is a list of the connectors and their connections that should be checked.
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-
2W104-P7
J1 on the shift control assembly

-
2W104-P3
J1 on the driver's master panel

-
Shorting


Cap
J1 on the ECU

-
2W107-P1
J1 on the hull networks box

-
2W105-P1
J2 on the hull networks box

-
2W104-P1
J8 on the hull networks box

-
2W105-P4
2W104-J1

After the above connectors and connections have been checked for looseness, perform the connector inspection procedures.  Figure 14 on page 24 is an illustration of two typical connectors, one male, one female.  Inspect the connectors by checking pins (1) and sockets (2) for dirt or corrosion.  If the pins and sockets are dirty or corroded, clean them, in accordance with the procedures outlined in TM 9-2350-255-1-3-6.  If the pins and sockets are not dirty or corroded, check the separated connectors for dented, bent, loose or missing parts.  Look at the connector body (3) and the insert (4) for dents or breaks.  Look at the adapter (5) and shell (6) for dents or breaks.  Look at the insert (4) for missing sockets (2) and at the connector body (3) for missing pins (1).  Look at the pins (1) for bends or breaks.  If none of the connector parts are faulty, proceed with the troubleshooting procedures.  However, if a connector part is faulty, notify your supervisor.  He will direct you from there.

Since none of the connectors that were inspected were loose or faulty, reconnect the connectors that were disconnected.  It should be pointed out here that after inspecting the connector, it should be reconnected prior to disconnecting another connector.  This will avoid connecting the wrong connector to the wrong connection.  Once all the connectors are reconnected, try to start the engine again to verify that the problem is solved.  Since the engine still did not start, our next step is to disconnect the battery bus bar.
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FIGURE 14.  CONNECTOR INSPECTION PROCEDURES.

[image: image15.png]



WARNING
Tools may short across positive and negative battery buses and cause burns or electrical shock.  Make sure that tools do not short circuit batteries, to avoid serious injury or death.

WARNING
Harnesses 3W101, 3W101-2, 3W108, and 3W109 are connected directly to the batteries.  If the battery bus bar is not disconnected before you start work, the terminals can shock you and cause serious injury or death.

Disconnect the battery bus bar by first loosening screws (1) and (2)(figure 15 on the following page) with a 3/4 inch wrench.  Now swing the bus bar (3) all the way to the left, away from the screw.  Tighten the screws, using the 3/4 inch wrench.
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FIGURE 15.  BATTERY BUS BAR REMOVAL.

[image: image16.png]



Now check to see if the terminal on the starter pilot relay is loose, by trying to move the connectors.  The connectors are as follows:

· 3W107-X1, connected to X1 on the starter pilot relay

· 3W107-X2, connected to X2 on the starter pilot relay

· 3W109-E2, connected to A1 on the starter pilot relay

· 3W108-E2, connected to A2 on the starter pilot relay

Since none of the terminals are loose, check the serial number on the tank.  According to the troubleshooting procedures listed in TM 9-2350-255-20-1-2-1, if the serial number of the tank is 001 through 110 the mechanic would proceed to troubleshooting step 12 or, if the serial number of the tank is 111 or higher, the mechanic would then proceed to troubleshooting step 21.  Since the serial number of the tank is 101, we will check to see if a lug on the starter (1)(figure 16 on the following page) and the solenoid terminals (2) through (6) are loose.
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FIGURE 16.  STARTER AND SOLENOID TERMINALS.

[image: image17.png]



None of the lugs were loose, so disconnect 3W101-P1 from 2W157-J1 and 3W102-P1 from 2W158-J1; check both connectors for evidence of arcing and damage.  Since the connectors are not arced or damaged, reconnect the connectors and the negative battery bus bar.

Get the STE test set and perform the procedures for preparing the STE for operation.  The procedures for preparing the STE for operation are contained in chapter 18 of TM 9-2350-255-20-1-2-2.  Once the STE test set is set up and prepared for operation, dial the test number into the SETCOM when the display shows ENTER TEST NUMBER.  For this particular malfunction, the test number that is entered would be 1501, then depress the GO key.  The SETCOM display should show:

· TEST 1501

ENG DOES NOT CRANK

Again press the GO key.  At this point, the STE test set will display a special instruction message, engine system cable instruction message, engine system fault message, or a general instruction message.  Each of these messages will give you an instruction to follow, or some information concerning the test that is being run.

Let's say, for example, that while running this test, an engine system cable instruction message like DISCONNECT 2W114 <- -> ECU J2 was displayed.  This message is instructing us to disconnect cable 2W114-P1 from J2 on the electronics control unit.  After performing this step, the GO key would be
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pushed again.  If another message was displayed, you would follow that message's instructions, then press the GO key again.  This procedure would be repeated until the display shows either NO FAULT FOUND or a fault message.  The fault message will tell what is wrong with the vehicle and, by looking in the fault message index, where to go to find the maintenance instructions to remove, replace, or repair that component.

In this malfunction, however, a fault message of FAULTY ECU was displayed.  This is informing us that the electronics control unit is faulty and must be replaced.  By looking in the fault message index which, along with several of the other indexes, in appendix A on page 57 of this subcourse, we see that we are to replace the ECU by referring to the procedures contained in chapter 11, TM 9-2350-255-20-1-3-6.  Oftentimes, however, the display will' show NO FAULTS FOUND, initially.  When this occurs, repeat the test procedures.  If this message came up on the display again, then the malfunction has probably been solved.  Verify that the malfunction has indeed been solved by trying to operate the vehicle.  If the malfunction still exists, rerun the test again.

b.
ESS-6, ENGINE ABORTS START-ABORT LIGHT ON.  For this malfunction, we will assume that the electromechanical fuel system is defective.  Throughout these troubleshooting procedures, we will only follow those pathways that lead us to this conclusion.

Let's set the stage a little: you are sitting around the shop one morning when a DA Form 2404 comes in with the discrepancy "Tank 101 engine aborts start-abort light on." The first thing the M1 tank systems mechanic needs to do is verify that the malfunction exists.  This is done in three steps.  The first step is to read the DA Form 2404.  The second step is to talk to the operator about what the tank did or did not do and, finally, the third step is to go out and try to operate the tank, to see first-hand what it does or does not do.  After attempting to start the tank six times, be sure to drain the accessory gearbox.  After the malfunction has been verified, the next step is to locate the troubleshooting procedures in the TM.  After locating the troubleshooting procedures in the TM, check to see what common tools and what test equipment and special tools will be needed to
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perform this troubleshooting procedure.  In this case, we find that we need the following:

· Common Tools

· 1 gallon liquid container

· Safety goggles

· Slip joint pliers, conduit style with plastic inserts

· 9/16 inch combination wrench

· 3/4 inch combination wrench

· 13/16 inch combination wrench

· 7/8 inch combination wrench

· 7/8 inch open end wrench

· Test Equipment/Special Tools

· Fuel spray hose, NSN 4720-01-124-5205

· Multimeter

· STE-M1/FVS test set

After the common and special tools and the test equipment have been gathered together, ensure that the tank is parked with the parking brake set, and that the VEHICLE MASTER POWER switch is in the OFF position.  After this is done, ensure that the standard initial test conditions procedures have been performed.  These procedures were presented in paragraph 4a (1), (2), (3), and (4), pages 21 and 22 and will not be repeated here.  Once these procedures have been completed, make sure that the emergency fuel shutoff handle is pushed in, and that the rear tanks have fuel.

Next, check for loose connectors that may have caused the problem.  Use the connector inspection procedures that were listed in paragraph 4a(4) on page 23.  For our example, we did not find a loose or damaged connector.  Now check the fuel quick-disconnect (QDC) to see if it is loose or disconnected.  Since the fuel QDC was not loose or disconnected, attempt to start the tank.
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NOTE
A significant number of aborted start attempts may result in a large amount of oil in the accessory gearbox.  This condition will cause low cranking speeds, and may affect engine starting or test diagnostics.  This condition may lead you to the wrong corrective action.  If six or more attempts have been made to crank the engine since the abort problem first occurred, drain the oil out of the accessory gearbox and add new oil to the oil tank.  Refer to LO 9-2350-255-12.

WARNING
DO NOT stand behind or between tanks when the engine is started.  Hot engine exhaust or tank movement could cause injury to personnel.

These next several steps will require the aid of an assistant.  Have soldier A attempt to start the tank, following the procedures outlined in TM 9-2350-255-10.  While soldier A is attempting to start the tank, soldier B should check for heat coming from the engine exhaust at the rear grille doors.  After soldier B has checked for heat, soldier A should shut down the tank, using the procedures outlined in TM 9-2350-255-10, and ensure that the VEHICLE MASTER POWER switch is in the OFF position.

Since heat did not come from the engine exhaust during the cranking attempt, remove the engine step plate.  These procedures can be found in TM 9-2350-255-20-1-3-1, page 2-14.  Once the step plate has been removed, unscrew and remove the ignition lead from the igniter plug, using the two 7/8 inch wrenches.  Lay the ignition lead anywhere on the combustor dome and set the VEHICLE MASTER POWER switch to the ON position.

WARNING
To prevent electrical shock, do not touch the end of the ignition electrical lead.  Electrical shock can cause serious injury or even death.
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NOTE
The spark from the end of the ignition wire should be in fast, evenly-spaced, bright blue pulses, and should make a loud clicking noise.

Soldier A should look for the ignition spark, while soldier B attempts to start the tank.  Remember to shut down the tank within 5 seconds after pressing the PUSH TO START button on the driver's master panel.  Since there was no spark, unscrew and remove the ignition electrical lead from the ignition exciter with a 7/8 inch wrench.  Ready the multimeter for an ohms test.  These procedures can be found in TM 9-2350-255-20-1-2-2, chapter 18.  Now test for continuity of the ignition electrical lead by connecting the black lead to either end of the ignition electrical lead.  Now connect the red lead to the other end of the ignition electrical lead.  Since there was an indication of continuity, reconnect the ignition electrical lead to the ignition exciter, and connect the other end of the ignition electrical lead to the igniter plug.  Next install the engine step plate and get the STE test set.

Prepare the STE test set for operation, following the procedures outlined in chapter 18 of TM 9-2350-255-20-1-2-2.  When the SETCOM display shows ENTER TEST NUMBER, enter the test number.  In this case, the test number is 1503.  After the test number is entered., press the GO key.  The SETCOM display should show:

· TEST 1503

ABORT ON START

Again press the GO key and follow the display.  If the display shows NO FAULTS FOUND, rerun the test.  Be sure to follow messages displayed on the SETCOM.  In this case, the display responds with the message FAULTY EMFS.   This indicates that the electromechanical fuel system is defective and needs to be replaced.  The engine system fault message index indicates that the procedures for replacing the EMFS can be located in chapter 2 of TM 9-2350-255-20-1-3-1.

c.
Troubleshooting Symptoms ESS-7, ESS-9, ESS-10 and ESS-14.  A listing of the malfunctions is contained in figure 17 on the following page.
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FIGURE 17.  TROUBLESHOOTING MALFUNCTIONS ESS-7,

ESS-9, ESS-10, AND ESS-14.
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For the purpose of this subcourse, we are going to have a defective driver's master panel.  Remember that the troubleshooting procedures listed below will encompass all four of the malfunctions listed above.

First, verify that the malfunction(s) do in fact exist.  After the presence of the malfunction has been verified, the mechanic would gather together all the common and special tools and all the test equipment that will be needed to perform the troubleshooting procedures.  The common and special tools that will be required are; slip joint pliers, conduit style with the plastic inserts and the STE test set.

Once the tools and test equipment have been gathered together, ensure that the tank is parked, the parking brake is set and that the VEHICLE MASTER POWER switch is in the OFF position.  Now ensure that the standard initial test conditions have been performed, and that all switches, knobs, and circuit breakers are in the proper position.

Check all of the electrical connectors to ensure that they are not loose.  Perform the connector inspection procedures.  These procedures were cited in paragraph 4a(4), page 23, and will not be repeated here.  Since none of the connectors are loose or damaged, we will prepare the STE test set for operation.  The procedures for preparing
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the STE test set for operation are contained in chapter 18 o' TM 9-2350-255-20-1-2-2.  Once the STE test set has been prepared for operation, the SETCOM display should show ENTER TEST NUMBER; at this time the test number 1130 is entered on the SETCOM and tie GO key is depressed.  The SETCOM display will show:

· TEST 1130 ENGINE

START/ABORT LIGHT

Once this display is indicated on the SETCOM display, press the GO key again.  The SETCOM will respond with either a general instruction message, a cable instruction message, a special instruction message, or a fault message.  The mechanic would refer to the appropriate index, depending on the display received.  These indexes are at Appendix A on page 56 of this subcourse.  After referring to the appropriate index, the mechanic would then perform the procedures cited in the index.  In this case, the message displayed is FAULTY DMP.  If the indication NO FAULTS FOUND was indicated on the display, the test procedures would be repeated.  Since this is not the case, we refer to the fault message index (page 61) and find that this particular fault requires that the driver's master panel be replaced, and that the procedures for performing this maintenance action are contained in chapter 11 of TM 9-2350-255-20-1-3-6.

d.
ESS-8, ENGINE ABORTS OR SHUTS DOWN AUTOMATICALLY AFTER ENGINE OIL PRESS LOW LIGHT COMES ON.  For this particular malfunction, we are going to find that the driver's instrument panel is defective and needs to be replaced.  As before, follow only those troubleshooting pathways that lead us to this conclusion.  Once the DA Form 2404 is received, the first thing is to verify that we do in facet have a malfunction.  After the presence of the malfunction has been verified, the tools (both common and special), test equipment, and supplies that will be needed to troubleshoot the malfunction are gathered together.

In this case, we will need the following items:

· Conduit style slip joint pliers with plastic inserts

· 7/8 inch combination wrench
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· Connector pin/socket adapters

· Breakout box tool kit, 12311066

· Multimeter

After the tools have all been gathered together, verify that the tank is parked, that the parking brake is set, and that the VEHICLE MASTER POWER is OFF.  Now ensure that the tank controls are in the standard initial test condition positions.  These positions are the same as indicated earlier in this subcourse in paragraphs 4a (1), (2), (3), and (4) on pages 21 and 22.

Once the tools have been gathered together and the tank is set up for testing, check the magnetic plug in the oil pump assembly for metal chips.  This is done by removing the engine access cover, following the procedures outlined in TM 9-2350-255-10, page 3-121.  Once the engine access cover has been removed, remove the magnetic plug from the oil pump assembly.  Check for evidence of metal chips in the magnetic plug.  Since no metal chips were found, reinstall the magnetic plug.

After the magnetic plug is reinstalled, check for any loose electrical connectors.  Try to turn 3W107-P30, which is connected to J30 on the OIL PRESSURE switch.  Try to turn 3W107-P2, which is connected to 2W107-J2 on the powerpack disconnect panel.  Now try to turn 2W106-P2, which is connected to 2W107-J1 on the bracket.  Finally, try to turn 2W106-P4, which is connected to .1 on the driver's instrument panel.

Since none of the connectors were loose, remove connector 3W107-P30, which is connected to J30 on the OIL PRESSURE switch.  Before removing this connector, however, be sure that the engine is shut down and that the VEHICLE MASTER POWER switch is in the OFF position.  Now connect the breakout box to TJ1 on the driver's instrument panel, by connecting cable number l-P1 to the breakout box.  Connect adapter number 2-P1 to TJ1 on the driver's instrument panel.  Finally, connect cable number 1-P2 to adapter number 2-J1 and prepare the multimeter to do a direct current voltage test.  The procedures for preparing the multimeter are contained in chapter 18 of TM 9-2350-255-20-1-2-2.
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Now test for 18 to 30 volts direct current (vdc) between test points 9- and 34+, when the STARTER ONLY switch is held in the ENGAGED position.  First, connect the black or negative probe to test point 9 on the breakout box.  Connect the red or positive probe to test point 34 on the breakout box.  Then set the VEHICLE MASTER POWER switch to the ON position and hold the STARTER ONLY switch on the driver's master panel in the ENGAGED position.  Read the voltage on the multimeter and release the STARTER ONLY switch.  The multimeter registered a reading of 24 volts direct current, which is within the limits prescribed.  Now set the VEHICLE MASTER POWER switch to the OFF position, disconnect 3W107-P2 from 2W107-J2, and prepare the multimeter for an ohms test.

NOTE
Leave the test probes connected for the remainder of the tests.

Test for less than 5 ohms between test points 33 and 34 on the breakout box.  First, connect the black or negative test probe to test point 33 on the breakout box.  Then connect the red or positive test probe to test point 34 on the breakout box.  Check the reading on the multimeter.  Since the multimeter indicates 3.5 ohms, disconnect 2W106-P2 from 2W107-J1 and again check for less than 5 ohms.  Remember to leave the test probes connected to test points 33 and 34 on the breakout box.  Since the multimeter indicated 4.2 ohms this time, we will disconnect 2W106-P4 from J1 on the driver's instrument panel.  Again, test for less than 5 ohms between test points 33 and 34 on the breakout box.  Since this shows a reading of 5 ohms exactly, this indicates that the driver's instrument panel is defective and needs to be replaced.  The procedures that should be followed for replacing the driver's instrument panel are in chapter 11 of TM 9-2350-255-20-1-3-6.  Remember to reconnect 2W106-P2 to 2W107-J1, and 3W107-P30 to J30 on the OIL PRESSURE switch.  After the driver's instrument panel has been replaced, attempt to start the tank; if the tank still does not start, repeat the test procedures.  However, if the tank starts then the problem is solved.  In this case, the tank started, indicating that the cause of the malfunction had been located and corrected.
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e.
ESS-11, ENGINE RUNNING NORMALLY AND FUEL CONTROL FAULTY LIGHT COMES ON.  For this malfunction, we are assuming as an example that the battery charging system is defective.  We will only follow those pathways that leads us to this conclusion.  The first step is to verify that the malfunction actually exists.  Now gather together the tools and test equipment that will be needed for this troubleshooting procedure.  In this case, we will need the following:

· Conduit style slip joint pliers with plastic inserts

· STE test set

After the tools and test equipment have been gathered together, ensure that the tank is parked, the parking brake is set, and the VEHICLE MASTER POWER switch is OFF.  Now ensure that the tank controls are in the standard initial test conditions, as indicated in paragraphs 4a (1), (2), (3), and (4) on pages 21 and 22.

Perform a loose connector check and a connector inspection.  The connectors that must be checked are listed below:

· 2W106-P1, connected to J12 on the hull networks box

· 2W107-P1, connected to J1 on the hull networks box

· 2W105-P5, connected to J3 on the ECU

· 2W114-P1, connected to J2 on the ECU

· 2W106-P4, connected to J1 on the driver's instrument panel

· 3W105-P37, connected to 3W105-1-J37 on the engine

· 3W105-P32, connected to 2W114-J1 on the powerpack disconnect panel

· 3W107-P2, connected to 2W107-J2 on the powerpack disconnect panel

Since none of the connectors were loose or damaged, reconnect the connectors and check to see if the
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FUEL CONTROL FAULTY light is still on.  Since the light is still on, we will prepare the STE test set for operation.  The procedures for preparing the STE test set for operation are in chapter 18, TM 9-2350-255-20-1-2-2.  Once the STE test set has been prepared for operation, the SETCOM display will show ENTER TEST NUMBER.  At this point, test number 1508 is entered into the SETCOM and the GO key is depressed.  The SETCOM display will show:

· TEST 1508

FUEL CTRL LIGHT ON

Again, the GO key is pressed.  Remember the SETCOM will display one of several different types of messages.  This time, however, the SETCOM displays DISCONNECT 2W114 <- -> ECU J2.  After disconnecting this cable, the GO key is pressed again and the SETCOM display shows FAULTY BATTERY CHARGING SYS.  This indicates that the batteries are not charged.  The procedures for charging the batteries are contained in TM 9-2350-255-10.  Then verify that the problem is solved.

f.
ESS-12, ENGINE RUNNING AND ENGINE OIL LOW LIGHT COMES ON, BUT ENGINE OIL LEVEL IS OK.  For this particular malfunction, we find that the driver's instrument panel is defective.  As before, the first thing to do is verify that the malfunction does indeed exist.  After verification of the existence of the malfunction, gather together the tools and test equipment that will be needed for this troubleshooting procedure.  For this particular malfunction, the following tools and test equipment will be required:

· Conduit style slip joint pliers with plastic inserts

· Connector pin/socket adapter

· Multimeter

Once the tools and the test equipment have been gathered together, ensure that the tank is parked and that the parking brake set and the VEHICLE MASTER POWER switch is in the OFF position.  Now perform the standard initial test condition procedures.  Check the following connectors to ensure that they are not loose or damaged.  Use the connector inspection procedures cited in paragraph 4a(4), page 23, on the following connectors:
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· 2W106-P2, connected to 2W107-J1

· 2W106-P5, connected to J2 on the driver's instrument panel

· 3W107-P8, connected to J8 on the oil float switch

· 3W107-P2, connected to 2W107-J2 on the powerpack disconnect panel

Since the ENGINE OIL LOW light did come on, set the VEHICLE MASTER POWER switch to the OFF position and prepare the multimeter to perform a direct current voltage test.  Test for 18 to 30 volts direct current between ground and contact B on 3W107-P8.  Perform this test by connecting the black test probe to the vehicle body or another suitable ground.  Next, connect the red test probe to contact B on P8.  Set the VEHICLE MASTER POWER switch to the ON position and check the multimeter to see if it shows between 18 to 30 volts direct current.  Since the multimeter did indicate 22.5 volts direct current, set the VEHICLE MASTER POWER switch to the OFF position and connect 3W107-P8 to the oil float switch.  Then replace the driver's instrument panel.  The procedures for removing and replacing the driver's instrument panel can be located in para.  11-14 of TM 9-2350-255-20-1-3-6.

g.
ESS-13, ENGINE OIL TEMP LIGHT AND MASTER WARNING LIGHT COME ON.  For the purpose of this malfunction, the lubricating engine oil cooler assembly is defective and will need to be replaced.  We will follow only those troubleshooting pathways that lead us to this conclusion.  The first thing that is done, after receipt of the DA Form 2404, is to verify that the malfunction does exist.  After the verification of the malfunction, gather the tools and test equipment that will be needed to perform this troubleshooting procedure.  The tools that will be needed are:

· Conduit style slip joint pliers with plastic inserts

· 1 and 11/16 inch open end wrench

· Connector pin/socket adapter

· Multimeter
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After the tools and test equipment have been gathered together, ensure that the tank is parked, the parking brake is set, the engine is shut down, the VEHICLE MASTER POWER is OFF, and the engine oil level is at the FULL mark on the dipstick.

WARNING
Exhaust gases and rear grille metal parts will be hot and could cause injury.  Wear heat protection mittens to prevent injury.

NOTE
This is a two-man job.  Soldier A is responsible for completing the job.  Soldier B is the assistant, and is directed by Soldier A.

Place the tank in the standard initial test condition by following the procedures outlined in paragraph 4a on page 20.  Once these procedures have been completed, check the magnetic plug in the oil pump assembly for metal chips.  First, remove the engine access cover, following the procedures outlined in TM 9-2350-255-10, page 3-121.  Remove the magnetic plug from the oil pump assembly and check for the presence of metal chips on the magnetic plug.

Since less than one-half of the magnetic plug is covered with metal chips, check the air flow from the engine oil coolers, with the engine running.  First, soldier A will open the rear metal grilles.  Next, soldier B will start the tank engine and soldier A will check for air flow coming from the engine oil coolers.  Since we did have air flow from the engine oil coolers, shut down the engine and set the VEHICLE MASTER POWER switch to the OFF position and disconnect 3W107-P9 from J9 on the engine oil temperature sensor.  Now start the engine again and check to see if the ENGINE OIL TEMP HIGH light is off.  Since the light is off, shut down the engine and replace the engine oil temperature transmitter.  The procedures for replacing the engine oil temperature transmitter are in chapter 12 of TM 9-2350-255-20-1-3-6.  Once the engine oil temperature transmitter is replaced, start the engine again.  Run the engine for approximately 10 minutes and check to see if the ENGINE OIL TEMP HIGH light is off.  Since the
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ENGINE OIL TEMP HIGH light was still on, this indicates that the lubricating engine oil cooler assembly is defective and needs to be replaced.  The mechanic would then shut down the engine and replace the lubricating engine oil cooler assembly, using the procedures listed in chapter 12 of TM 9-2350-255-20-1-3-6.  After the lubricating engine oil cooler assembly is replaced, verify that the problem is solved by starting the engine and checking that the ENGINE OIL TEMP HIGH is off.  Since the light was off, the problem has been solved.

h.
ESS-21, ENGINE LOSES POWER OR IDLE SPEED IS LOW-FUEL CONTROL FAULTY LIGHT STAYS OFF.  For this malfunction, we are going to find that the engine is faulty.  Throughout this malfunction, follow only those pathways that lead to that conclusion.

Once notification of a malfunction is received, the first step in the troubleshooting process is to verify that a malfunction actually exists.  Looking at the DA Form 2404, we see that the driver has written the following: "When throttle advanced above 50%, noticeable loss of engine power." This indicates a malfunction exists.  By talking to the operator, it is learned the tank was on a smooth, level surface.  This too indicates that a problem exists.  Finally, by driving it over the same road, we find that the tank does in fact lose power when the throttle is advanced above 50%.  Therefore, we have verified that a malfunction does indeed exist.

The next step in the troubleshooting process is to refer to the appropriate fault symptom in the TM.  In this case, the fault symptom is ESS-21 and it is located in TM 9-2350-255-20-1-2-1.  After the appropriate fault symptom has been located, check to see what common and special tools, and test equipment will be needed to perform the troubleshooting procedures.  Below is a list of the common tools and test equipment that will be required to troubleshoot this malfunction.

· Conduit style slip joint pliers with plastic inserts

· 3/4 inch combination wrench

· 7/8 inch combination wrench

· STE test set

39

T/S M1 ENG. ELEC. SUBSYST. – OD 0484 - LESSON 1/TASK 2

Once the necessary tools and test equipment items have been gathered together, ensure that the tank is parked, the parking brake is set, the engine shut down, and that the VEHICLE MASTER POWER switch is in the OFF position.  Then set the tank up, following the standard initial test conditions which are contained in paragraphs 4a (1), (2), (3), and (4) on pages 21 and 22 of this task.

WARNING
Be very careful when checking for loose connectors on or near the engine.  The engine may be very hot and could cause burns.

Now check the following connectors to ensure that it is not a loose connector causing the problem.  The connectors to check are listed below.

· 2W104-PS, connected to 2DT101-J1 on the rotary variable differential transformer (RVDT)

· 2W105-P4, connected to 2W104-J1

· 2W114-P1, connected to J2 on the ECU

· 2W105-P5, connected to J3 on the ECU

· 3W105-P32, connected to 2W114-J1

· 3W105-P33, connected to J33 on the EMFS

Since none of the connectors were loose, perform the connector inspection procedures discussed in paragraph 4a(4), page 23.  After inspecting the connectors and finding none damaged, reconnect the connectors that were loosened previously.  Start the engine and see if it operates normally.  Since the engine still did not operate properly, ensure that the engine is shut down and the VEHICLE MASTER POWER switch is OFF.  When performing the following steps, check for binding and/or physical damage to the inlet guide vane (IGV) and the power stator turbine (PTS) components.  Replace any damaged components that are found, following the procedures cited in chapter 2 of TM 9-2350-255-20-13-6.  Check that the inlet guide vane feedback cable is securely connected to the actuator lever and bracket.  Now check to see if the other end of the inlet guide vane feedback cable is securely connected to the EMFS lever and bracket.  Since the cable was
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securely connected at both ends, check the power turbine stator feedback cable, to ensure that it is securely connected to the actuator lever and bracket.  Also, ensure that the other end of the power turbine stator feedback cable is securely attached to the EMFS lever and bracket.  Since the PTS feedback cable was securely attached, remove the steering and throttle cover, following the procedures outlined in chapter 6 of TM 9-2350-255-20-1-3-3, Check to see if a component is loose or worn in the shift select assembly.  Check for a loose rotary variable differential transformer and check the adjustment screw for looseness.  Check the lever, gears, and shaft to ensure that they are not loose or worn.

The components in the steering/throttle control assembly were fine.  Prepare the STE test set for operation by following the procedures contained in chapter 18, TM 9-2350-255-20-1-2-2.  Once the STE test set is set up and prepared for operation, enter test number 1506 when the SETCOM display shows ENTER TEST NUMBER.  After entering the test number, press the GO key; the SETCOM display will show the following:

· TEST 1506 POWER LIMIT

FC FAULTY OFF

When this display is shown, press the GO key again.  Remember that the SETCOM will display any number of messages, ranging from general instruction messages to fault messages.  In this instance, the SETCOM display shows the following message:

· ADJ PTS RVDT TO MAX

XX.XX V

This is a special instruction message that is telling us to move the power turbine stator rotary variable differential transformer arm, located on the electromechanical fuel system, until the highest possible reading is seen on the second line of the SETCOM display.  After performing this step, be sure to press the GO key again.  This time, however, the SETCOM displays the following message:

· FAULTY ENGINE

This is an engine system fault message.  This message is telling us that the cause of the malfunction is an engine whose power is below 60%.
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Since the unit level mechanic is not authorized to perform major repair of the engine assembly, intermediate direct support (IDS) maintenance would be notified of this malfunction.

i.
Conclusion.  This concludes the section on troubleshooting malfunctions within the engine electrical subsystem using STE test set.  In the paragraph that follows, alternate troubleshooting procedures for malfunctions within the engine electrical subsystem will be covered.

5.
Alternate Troubleshooting Procedures (ATP)

This paragraph describes how to troubleshoot the engine electrical subsystem using alternate troubleshooting procedures (ATP's).  ATP's for the unit mechanic provide troubleshooting procedures to be used when automated test equipment (ATE) is not available.  ATE for troubleshooting the hull, which includes the engine electrical subsystem is identified as simplified test equipment (STE).  ATP's are for skill level two personnel with the appropriate MOS training.  They are limited to those procedures which can be performed using equipment available to unit maintenance personnel (multimeter, breakout box tool kit, electrical jumpers, and connector pin/socket adapters).
Do not start any alternate troubleshooting procedure until the pre-test steps have been completed.  The pre-test steps are located in the primary troubleshooting procedure at the beginning of each procedure.  The pre-test steps include inspection of the vehicle harness/component connectors and inspection/test of mechanical components in the faulty subsystem.  The pre-test must be performed before you can do the specified ATP.

There are six malfunctions within the engine electrical subsystem that can be troubleshot using ATP's.  These malfunctions are basically the same ones that were troubleshot in paragraph 4.  A listing of these malfunctions follows.

ESS-2
ENGINE DOES NOT CRANK-ELECTRICAL SYSTEM METER SHOWS OVER 12 VOLTS DURING START ATTEMPT AND ABORT LIGHT COMES ON 7.5 SECONDS AFTER START ATTEMPT
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ESS-3
ENGINE DOES NOT CRANK-ELECTRICAL SYSTEM METER SHOWS OVER 12 VOLTS DURING START ATTEMPT AND ABORT LIGHT DOES NOT COME ON AFTER A START ATTEMPT

ESS-7
ENGINE ABORTS-ENGINE ABORT LIGHT STAYS OFF

ESS-9
ENGINE STARTS-ENGINE STARTED LIGHT DOES NOT COME ON

ESS-10
ENGINE STARTS AND ENGINE STARTED LIGHT COMES ON PRIOR TO START AND STAYS ON

ESS-14
ENGINE RUNNING AND ENGINE ABORT LIGHT ON

a.  General Troubleshooting Instructions.  Make sure you have completed the pre-test steps in the primary troubleshooting procedure before you begin any alternate troubleshooting procedure.

Ensure that the following tank conditions are met before you begin a troubleshooting procedure:

· Tank parked

· Parking brake set

· Transmission shift control set to N

· VEHICLE MASTER POWER turned OFF

· All switches off or in the normal position

· All circuit breakers on

Use the following general maintenance practices:

· Use conduit style slip joint pliers with plastic jaw inserts to loosen connectors that can not be loosened by hand.
· Be very careful when connecting connectors.  Make sure the pins are aligned and tighten the connectors by hand only.
· All voltage readings are positive, unless otherwise noted.
· When using the multimeter and/or electrical jumpers, it will be necessary to attach pin/socket adapters to the multimeter probes, or to the ends of the jumpers.  In some cases, additional items will
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be required.  Check the component to be tested and refer to TM 9-2350-255-20-1-2-2, chapter 18 for information on additional items.

· Remove the test probes and/or jumpers after performing the troubleshooting step, unless otherwise noted.

b.
ESS-2, ENGINE DOES NOT CRANK-ELECTRICAL SYSTEM METER SHOWS OVER 12 VOLTS DURING START ATTEMPT AND ABORT LIGHT COMES ON 7.5 SECONDS AFTER START ATTEMPT.  For this particular malfunction, we are going find that the starter motor is faulty and needs to be replaced.  Like the troubleshooting procedures that were covered previously in this task, (paragraph 4a-4h, beginning on page 20) the first step in the troubleshooting process is to verify that a malfunction exists.  This is accomplished by reading the DA Form 2404, talking to the operator, and operating the equipment.  Once the presence of the malfunction has been verified, gather together all the tools, test equipment, and supplies that will be needed to perform these troubleshooting steps.  For this malfunction the following tools, test equipment, and supplies will be required:

· Flashlight

· Pocket knife

· Mirror

· 3 ounce tube of type 1 sealant adhesive (MIL-A-46106)

· Connector pin/socket adapter

· Electrical jumpers

· Multimeter

WARNING
Starter terminals are connected to the batteries.  Terminals can shock, causing serious injury or death.
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NOTE
This is a two-man job.  Soldier A is responsible for completing the job.  Soldier B is the assistant and is directed by Soldier A.

NOTE
There are three different starters used on the M1 tank.  Use a flashlight and an inspection mirror to read the part number on the starter data plate.

NOTE
Be prepared to check for 18 to 30 vdc within 7 seconds after the PUSH TO START button is pressed.

Once the tools, test equipment, and supplies have been gathered together, Soldier B will set the VEHICLE MASTER POWER switch to the ON position and depress and release the PUSH TO START button.  After the PUSH TO START button has been pressed, Soldier A checks for 18 to 30 vdc between E6- (1) (figure 18, on the following page) and 5ES+ (2) on the starter assembly.

Since there were only 12 volts indicated, set the VEHICLE MASTER POWER switch to the OFF position and check for continuity between electrical leads E1 and E6 on the starter motor.  Since continuity did not exist, this indicates that the starter motor is defective and needs to be replaced.  The procedures for replacing the starter motor is contained in chapter 12 of TM 9-2350-255-20-1-3-6.  After the starter motor has been replaced, verify that the malfunction has been corrected.  In this case the malfunction has been corrected.
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FIGURE 18.  M1 TANK STARTERS (P/N 12273134,

12273134E, AND 12312388).
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c.
ESS-3, ENGINE DOES NOT CRANK-ELECTRICAL SYSTEM METER SHOWS OVER 12 VOLTS DURING START ATTEMPT AND ABORT LIGHT DOES NOT COME ON AFTER START ATTEMPT.  For this malfunction, we are going to find that the starter motor 100 amp relay is faulty.  We will follow the pathways that lead us to this conclusion.
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After the presence of the malfunction has been verified, gather together the tools, test equipment, and supplies that will be needed.  For this particular malfunction, we will need the following items:

· Connector pin/socket adapters

· Electrical jumpers

· Breakout box tool kit

· Multimeter

After this equipment has been gathered together, connect the breakout box to the driver's master panel TJ1, using cable number 1 and adapter number 2.  Now connect the multimeter between test points 9- and 57+ on the breakout box.  Place the VEHICLE MASTER POWER switch in the ON position and press and hold the PUSH TO START button for approximately 10 seconds, then release it.  We should get a reading of between 18 and 30 vdc.  Since we did not, we will check for 18 to 30 vdc between test points 9- and 60+ on the breakout box.  This time, we received a reading of 24 vdc.  Set the VEHICLE MASTER POWER switch to the OFF position and disconnect the breakout box from the driver's master panel TJ1.  We now connect the breakout box to the hull networks box TJ2 using cable number 1 and adapter number 2.  Set the VEHICLE MASTER POWER switch to the ON position, and press and release the PUSH TO START button.  A reading of 18 to 30 vdc should be indicated between test points 9- and 25+ on the breakout box.

When the multimeter was checked, we had a reading of 23.5 vdc.  Now set the VEHICLE MASTER POWER switch to the OFF position and disconnect 2W105-P5 from the ECU J3.  This time there should be a reading of less than 5 ohms between test points 9- and 29+ on the breakout box.  Since less than 5 ohms is not indicated on the multimeter, we would perform the multimeter polarity test, according to the procedures cited in chapter 18, TM 9-2350-255-20-1-2-2.  After the polarity test, connect 2W105-P5 to the ECU J3 and disconnect 3W107-P2 from 2W107-J2.  Again check for less than 5 ohms between test points 9- and 29+ on the breakout box.  Again, less than 5 ohms was not indicated, so now connect 3W107-P2 to 2W107-J2 and disconnect 3W107-X2 from X2 on the starter pilot relay.  Again check for
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less than 5 ohms between test points 9- and 29+ on the breakout box.  A reading of less than 5 ohms was not indicated on the multimeter; this indicates that the starter motor 100 amp relay is defective and must be replaced.  The procedures for replacing the starter motor 100 amp relay can be located in chapter 12 of TM 9-2350-255-20-1-3-6.

d.
ESS-7, ENGINE ABORTS, ENGINE ABORT LIGHT STAYS OFF.  For this particular malfunction, we are using a defective hull networks distribution box.  We will follow only those pathways that lead us to this conclusion.  For this malfunction, the following tools, test equipment, and supplies will be needed:

· Connector pin/socket adapters

· Electrical jumpers

· Breakout box

· Multimeter

First, connect the breakout box to the hull networks distribution box TJ2, using cable number 1 and adapter number 2.  Set the VEHICLE MASTER POWER switch to the ON position and press the engine PUSH TO START button for approximately 3 seconds, then release it.  Check for 18 to 30 vdc between test points 9- and 71+ on the breakout box.  We did not receive a reading between 18 and 30 vdc, so move the multimeter leads to test points 9- and 29+ on the breakout box and check for 18 to 30 vdc by pressing the PUSH TO START button for 3 seconds, then release it.  Again, we did not receive a reading of 18 to 30 vdc; this indicates that the hull networks distribution box is defective and needs to be replaced.  To replace the hull networks distribution box, refer to chapter 11 of TM 89-2350-255-20-1-3-6.  After replacing the hull networks distribution box, verify that the malfunction has indeed been corrected.

e.
ESS-9, ENGINE STARTS, ENGINE STARTED LIGHT DOES NOT COME ON.  For this malfunction, again use the faulty hull networks distribution box as the cause of the malfunction.  The tools, test equipment, and supplies that will be needed to troubleshoot this malfunction are:
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· Connector pin/socket adapters

· Electrical jumpers

· Breakout box

· Multimeter

First, connect the breakout box to the hull networks box TJ2, using cable number 1 and adapter number 2.  Now start the engine and check for 18 to 30 vdc between test points 9- and 68+ on the breakout box.  Since the required voltage did not exist, shut down the engine and place the VEHICLE MASTER POWER switch to the OFF position.  Then disconnect 2W104-P3 from the driver's master panel J1.  Connect the jumper to the breakout box between test points 68 and 71.  Now check for continuity between contacts L and h on 2W104-P3.  Continuity did not exist, so we will disconnect the breakout box from the hull networks box TJ2.  Now disconnect 2W104-P1 from the hull networks box J8 and connect the jumper between contacts c and e on 2W104-P1.  Check for continuity between contacts L and h on 2W104-P3.  Since continuity was present this time, it indicates that the hull networks box is defective and needs to be replaced.  Reconnect 2W104-P3 to the driver's master panel J1.  To replace the hull networks box, follow the procedures contained in chapter 11 of TM 9-2350-255-20-1-3-6.

f.
ESS-10, ENGINE STARTS AND ENGINE STARTED LIGHT COMES ON PRIOR TO START AND STAYS ON.  For this particular malfunction, we will cover both troubleshooting pathways.  The following items are needed:

· Connector pin/socket adapter

· Electrical jumpers

· Breakout box

· Multimeter

First, connect the breakout box to the driver's master panel TJ1, using cable number 1 and adapter number 2.  Now disconnect 2W104-P3 on the driver's master panel J1 and check for less than 5 ohms between test points 9- and 58+ on the breakout box.  If less than 5 ohms is indicated, we would replace
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the driver's master panel.  The procedures for replacing the driver's master panel can be found in chapter 11 of TM 9-2350-255-20-1-3-6.  Then we would verify that the malfunction had been corrected by attempting to start the engine.  If the engine starts and the ENGINE STARTED light does not come on until the engine is started, the problem has been solved.

If the engine started and the ENGINE STARTED light still comes on prior to the start, we will need to continue troubleshooting.  If the multimeter had not shown less than 5 ohms, we would disconnect the breakout box from the driver's master panel TJ1 and disconnect 2W104-P1 from the hull networks box J8.  Again, we would check for less than 5 ohms between h and all the other contacts on 2W104-P3.  If the indication had been less than 5 ohms, we would replace the branched wiring harness 2W104, following the procedures contained in chapter 11 of TM 9-2350-255-20-1-3-6.

However, if less than 5 ohms had not been indicated, we would have connected 2W104-P3 to the driver's master panel J1, and replaced the hull networks distribution box.  The procedures for replacing the hull networks distribution box can be found in chapter 11 of TM 9-2350-255-20-1-3-6.  After replacing either of these two components, we would verify that the malfunction had been corrected.

g.
ESS-14, ENGINE RUNNING AND ENGINE ABORT LIGHT ON.  For this malfunction also, we will cover both of the troubleshooting pathways.  The equipment that is required for this task is listed below:

· Breakout box

· Multimeter

First, disconnect 2W104-P1 from the hull networks box J8 and connect the breakout box to the hull networks box, using cable number 1 and adapter number 2.  Now check for less than 5 ohms between test points 9 and 69 on the breakout box.  If the multimeter had indicated a reading of less than 5 ohms, we would have replaced the hull networks distribution box.  The procedures to follow for replacing the hull networks distribution box are listed in chapter 11 of TM 9-2350-255-20-1-3-6.  After the hull networks distribution box had been
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replaced, we would verify that the problem has been solved.

If 5 ohms had not been indicated, we would disconnect 2W104-P3 from the driver's master panel J1 and connect the breakout box to the driver's master panel TJ1 using cable number 1 and adapter number 2.  Again check for less than 5 ohms between test points 9- and 59+ on the breakout box.  If less than 5 ohms had been indicated, we would have connected 2W104-P1 to the hull networks box J8 and replaced the driver's master panel.  Refer to chapter 11 of TM 9-2350-255-20-1-3-6 for the procedures to follow when replacing the driver's master panel.  After the driver's master panel has been replaced, verify that the malfunction has been corrected.  If less than 5 ohms had not been indicated, we would have replaced branched wiring harness 2W104.  The procedures for replacing branched wiring harness 2W104 are contained in chapter 11 of TM 9-2350-255-20-1-3-6.  Again, we would verify that the malfunction has been corrected.

6.
Conclusion

This concludes task 2 "Describe the maintenance troubleshooting problems of the engine electrical subsystem." Throughout this task, examples of the troubleshooting procedures that the M1 Abrams tank systems mechanic may have to use to troubleshoot a tank have been presented.  These procedures are only examples, they are not intended to establish routine procedures to be used in the actual troubleshooting of a vehicle.  The mechanic would follow the troubleshooting pathways that he or she was directed to follow, based on the responses that they received while performing the troubleshooting procedures.

Also, throughout this subcourse, reference has been made to several technical manuals.  While reading this subcourse, the student will not have these manuals available; these references are included to give an idea of where more information may be located.
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PRACTICAL EXERCISE 1

Instructions

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

Scenario

You have recently reported on board as the motor sergeant of an armor battalion in Germany.  One of the first things you learn after reporting in is that the battalion is scheduled to participate in the REFORGER field training exercise (FTX).
You have previously been involved in several FTX's and have a pretty good idea of what is in store for the battalion.  Since the mechanics in the motor pool will have to function for long periods of time without supervision, you have been holding classes on the various systems and subsystems on the M1 tank.  During these classes, you have covered the components of that particular system or subsystem, and also the troubleshooting procedures that should be followed to effectively troubleshoot and repair the vehicle.

At the end of each of these classes, you have been giving a quiz to test the ability of the soldiers to retain the information put out in the class.

Requirement

Below are some of the questions that were asked of the soldiers in the motor pool.  Drawing on your knowledge of the M1 tank and this subcourse, answer the questions.

a.
What is the function of the electronic control unit?

b.
Describe the electromechanical fuel system.

c.
The hull power distribution box contains three thermal type circuit breakers of how many amps?

d.
At what percent rpm does the starter pilot relay deenergize?
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e.
Name the three pieces of test equipment that will be used to troubleshoot the engine electrical subsystem.

f.
Before beginning any troubleshooting work on the tank, in what condition should the vehicle be?

g.
When performing the standard initial test conditions set-up, in what position should the TURRET POWER and the VEHICLE MASTER POWER switches on the commander's panel be?

h.
When performing the connector inspection procedures, what should you check for?

i.
While performing the troubleshooting procedures for ESS- 8, ENGINE ABORTS OR SHUTS DOWN AUTOMATICALLY AFTER ENGINE OIL PRESS LOW LIGHT COMES ON, the breakout box is connected to TJ1 on the driver's instrument panel.  You test for how many volts direct current between test points 9-and 34+ on the breakout box?

j.
Alternate troubleshooting procedures provide the unit mechanic with troubleshooting procedures to be used when what is not available?

k.
While troubleshooting ESS-10, ENGINE STARTS AND ENGINE STARTED LIGHT COMES ON PRIOR TO START AND STAYS ON, the breakout box is connected to the driver's master panel.  With the multimeter connected to test points 9- and 58+ on the breakout box, we check for less than 5 ohms.  What should be done if a reading of less than 5 ohms is received?
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LESSON 1.  PRACTICAL EXERCISE - ANSWERS

Requirement

a.
The function of the electronic control unit (ECU) is to monitor specific controls and engine data, analyze the control signals and engine data, and then send the proper electronic signal to the electromechanical fuel system on the engine, to start and keep the engine running.

b.
The electromechanical fuel system (EMFS) takes the electronic signals received from the ECU, and converts them to usable energy to control and direct the fuel flow.  The fuel flow is directed to the fuel nozzle, to the power turbine stator and to the inlet guide vane actuators.  Feedback cables from the power turbine stator and the inlet guide vane actuators to the EMFS allow the EMFS to return a feedback signal to the ECU.

c.
The three thermal circuit breakers in the hull power distribution box are 200 amps each. 
d.
The starter pilot relay deenergizes at 55 percent rpm.

e.
The three pieces of test equipment that will be used to troubleshoot the engine electrical subsystem are the multimeter, breakout box, and the simplified test equipment-M1/fighting vehicle systems (STE-M1/FVS) test set.

f.
Before any troubleshooting work can begin on the tank the tank must first be parked, the parking brake set, and the VEHICLE MASTER POWER switch must be in the OFF position.

g.
When performing the standard initial test conditions set-up procedures, the TURRET POWER and the VEHICLE MASTER POWER switches on the commander's panel should both be OFF.

h.
When performing the connector inspection, the connectors should be checked for dirty or corroded sockets.  The separated connectors should be checked for dented, bent, loose, or missing parts.  Check the connector body and the inserts for dents or breaks.  Check the adapter and shells for dents or breaks.  Check the insert for missing sockets 
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and at the connector body for missing, bent, or broken pins.

i.
While troubleshooting ESS-8, you should check for 18 to 30 volts direct current between test points 9- and 34+ on the breakout box.

j.
Alternate troubleshooting procedures provide the unit mechanic with troubleshooting procedures to be used when automated test equipment is not available.

k.
While troubleshooting ESS-10, if you receive a reading of less than 5 ohms the driver's master panel should be replaced.
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