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MAI NTAI N HMMWWAZ2 FUEL AND ELECTRI CAL SYSTEMS

LEARN NG ABJECTI VES

1. Termnal Learning (bjective:

a. dven a HWMWA2, technical nanual s, tools, test equi pnent, and shop
suppl i es, performorgani zational nai ntenance on the fuel system per the
references. (6.4.5)

b. dven a HWMNA2, technical nanuals, tools, test equipnent, and shop
suppl i es, performorgani zational nai ntenance on the battery system per the
references. (6.4.6)

c. Gven a HWMWA2, technical nmanual s, tools, test equi pnent, and shop
suppl i es, performorgani zational nai nt enance on the cranki ng system per the
references. (6.4.7)

d. dven a HWMWA2, technical manual s, tools, test equi pnent, and shop
suppl i es, performorgani zational nai nt enance on the generating system per
the references. (6.4.8)

e. @dven a charging, cranking, and fuel systens simulation training
programand techni cal nanual s, performtroubl eshooting procedures to
di agnosi s sinul ated nal functions displayed in the training program per the
references. (6.4.9)

2. BEnabling Learning (bj ecti ves:

a. dven a HWMWA2, TM 9-2320-280-20-1&2, tool s, test equi pnent, and shop
suppl i es, per the references:

(1) Inspect fuel filter for contamnation. (6.4.5a)

(2) Test fuel punp for proper delivery. (6.4.5b)
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(3) Test fuel solenoid (6.4.5c)
(4) FReplace the fuel filter. (6.4.5d)
(5 Beedthe fuel filter. (6.4.5e)

b. dven a HWWA2, TM 9-2320- 280- 20- 1&2, tool s, test equi pnent, and
shop supplies, per the references:

(1) Check battery connections for proper installation. (6.4.6a)
(2) Test battery voltage. (6.4.6b)

(3) Test battery internal resistance. (6.4.6c)

(4) Test battery resistance change. (6. 4.6d)

(5) Test negative battery cabl e voltage drop. (6. 4. 6e)

(6) Measure battery specific gravity. (6.4.6f)

c. dven a HWMWA2, TM 9-2320-280-20-1&2, tool s, test equi pnent, and
shop supplies, per the references:

(1) Test for battery voltage at the starter notor. (6.4.7a)

(2) Test for battery voltage at the sol enoid swtch. (6.4.7b)

(3) Test for battery voltage at the neutral safety swtch. (6.4.7c)
(4) Test the neutral safety swtch for continuity. (6.4.7d)

(5) Test for continuity between the neutral safety swtch and body
connect or harness. (6.4.7¢)

(6) Test for continuity between the engi ne connector harness and
starter solenoid wire. (6.4.7f)

(7) Test for battery voltage at the rotary swtch. (6.4.7q)
(8) Test rotary swtch for continuity. (6.4.7h)

(9) Test for continuity between the body connector harness and
rotary swtch. (6.4.7i)
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d. dven a HMVA2, TM 9-2320- 280-20-1&2, tool s, test equi pnent, and
shop supplies, per the references:

(1) Test for battery voltage at the connector harness. (6.4.7)
(2) (heck gl owpl ug connectors for proper installation. (6.4.7K
(3) Test glowlugs for anperage draw (6.4.71)

(4) Test glowplugs for serviceability. (6.4.7m)

(5) Measure voltage at glowplug controller. (6.4.7n)

(6) Test for continuity between the gl owpl ug controll er and engi ne

ground. (6.4.70)

e. Gdven a HWMVA2, TM 9-2320- 280-20-1&2, tool s, test equi pnent, and
shop supplies, per the references:

(1) Inspect for mssing, broken or frayed serpentine belt. (6.4.8a)

(2) Test battery voltage at the alternator energized termnal .
(6.4.8b)

(3) Test battery voltage at the protection control box. (6.4.8c)

(4) Test continuity between the protection control box and engi ne
connector harness. (6. 4. 8d)

f. Qven a charging, cranking, and fuel systens sinulation training
programand TM 9- 2320- 280- 20- 1, per the references, di agnose the conpl ai nt:

(1) D agnose the conplaint, starter not working, no sol enoid thunp.
(6.4.9a)

(2) D agnose the conplaint, engine cranks, will not start (exhaust
snoke visible). (6.4.9b)

(3) D agnose the conplaint, engine cranks, wll not start (no
exhaust snoke visible). (6.4.9c)

(4) D agnose engine starts, runs rough, wll not idle. (6.4.9d)

(5 DOagnose engine is hard to start, runs rough, and i s noisy.
(6.4.9e)
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QJILI NE

1. HWWA2 BNG NE FUEL SYSTEVS

a. ldentification, Location, and Function of Fuel System Conponents

(1) The fuel tank is nounted between the frane rails under the
right side of the vehicle.

(a) To prevent vapor locking, a vent allows air to enter the
fuel tank.

(b) Asock type filter inthe tank and a strainer |located in
the filler neck prevents contamnants fromentering and danagi ng fuel system
conponent s.

(2) Afuel line connects the tank to a nechanical fuel punp that is
nounted to the right front of the engine and driven by the canshaft.

(a) A diaphragmw thin the punp provides suction on the inlet
side to draw fuel fromthe tank.

(b) Wen fuel enters the punp, the di aphragm pressurizes the
fuel to approxi mately four pounds per square inch and punps it under |ow
pressure through a fuel line to a fuel filter/water separator.

(3) Afuel filter/water separator is nounted on the fire wall of
the engine conpartnent. The filters renoves water and sedi nent fromthe fuel
before being routed to the fuel injection punp. A draincock allows for
drai ning of any water or sedi nent.

(4 Afuel injection punp is nounted on the top front of the
engine, partially under the intake nanifold. Fuel, under |ow pressure,
enters the injection punp where it is pressurized, netered, tined and
delivered to the fuel nozzles under high pressure.

(5 Afuel solenoid nounted inside the injection punp cover is
energi zed by voltage noving the netering val ve to admt fuel to the injection
punp for engine running and cl oses to stop fuel flowwhen shutting down the
engi ne. Excess fuel is returned to the tank by way of a fuel return |ine.

(6) A cold advance sol enoid al so located in the cover advances
injection timng 3 to 5 degrees when the engine is col d.

(7) Fuel nozzles are screwed into the engine cylinder heads | ocated
on each side of the engine, four nozzles to a side.
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(a) The nozzles direct atomzed fuel into a pre-conbustion
chanber at the proper tine.

(b) The nozzles are connected to a return |ine by bl eed- back
hoses that return excess fuel to the fuel tank.

(8 The fuel level nonitoring systemconsists of the fuel |evel
sending unit, fuel gage and interconnecting chassis wring harness.

(a) Afuel level sending unit is nounted on the top of the
fuel tank. The fuel gage is located in the instrunent cluster of the crew
conpart nent .

(b) The fuel level sending unit nonitors fuel level in the
fuel tank and relays that information to the fuel indicator gage.

(9 Accelerator |inkage.

(a) Accelerator |inkage consists of those conponents or parts
that transmt accel erator pedal novenent to the armof the fuel injection
punp in order to regul ate engi ne speed.

(b) Principal conponents and their functions are as foll ows:

1 Afoot pedal provides the operator wth a neans of

controlling throttle | ever novenent.

2 An accelerator rod is the nechanical |inkage between the
foot pedal and accel erator cable.

3 Bushings and retainers hold the accelerator rod inits
proper position on the engine fire wall.

4 A gasket is provided as shown on the illustration to
prevent the entry of foreign material that may cause bushing wear or bindi ng
in the |inkage.

5 Body bracket provides a stationary point for the

attachnent of the | ower cabl e end.

6 The accelerator cable is a flexible cable that transmts
notion fromthe accel erator rod to the throttle lever. It is adjustable by
neans of adjusting nuts at the engi ne bracket and has appropriate termnal
ends to attach it to the accelerator rod and throttle |ever.
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7 An engine bracket is provided at the engine end of the
accel erator linkage. The accelerator cable and throttle return spring are
attached to the engi ne bracket.

b. Principles of Qperation of the Fuel System

(1) Ignition of fuel in a diesel engine occurs as a result of heat
devel oped in the conbustion chanber during the conpression stroke.

(2) As stated earlier, fuel is pulled fromthe fuel tank by a
nechani cal fuel punp. A canshaft and pushrod drive this punp.

(3 Fuel then travels to a fuel filter/water separator |ocated in
the rear of the engine conpartnent. Here, fuel contamnants are renoved from
the fuel by filter el enents.

(4 Homthe filter, fuel is fed to the fuel injection punp where
it is then pressurized and delivered at precisely the correct nonent to fuel
nozzl es.

(5) Fuel nozzles open at a pressure of about 1700 pounds per square
inch (injection punp pressure) and sprays fuel into the conbustion chanber of
the cylinder where the heat of conpression ignites the fuel.

c. Inspect Fuel System Gonponents

(1) Inspect Fuel for Gontanination

(a) Sart the engine.

(b) Qpen the fuel draincock and al | ow approxinately 1 pint of
fuel to draininto a suitable container.

(c) Qose the drai ncock, stop the engine.
(d) Inspect fuel for water, sedinent, or other contam nants.

(e) If contamnants are present, drain, clean or replace filter
el enents, |ines and tank,

(2) Inspect Fuel Hlter/VWdter Separator Housi ng

(a) Check the fuel filter/water separator housing for cracks,
dents, and | eakage.
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(b) Inspect the fuel filter for nounting security and tighten
the nounting capscrewto torque specifications in the TM

(c) Inspect attached hoses and clanps for security, danage,
and serviceability.

(d) Mike sure that the fuel pressure transducer is serviceabl e
and connected to the STEH | CE w ring har ness.

(3) (heck Fuel Lines. Gheck fuel lines for security of nounting,
splits, cracks, bends, restrictions, danage, |eaks, and | oose connectors.
Tighten fittings or repl ace as necessary.

(4) |Inspect Fuel Punp

(a) Inspect the fuel punp housing for cracks and | eakage.

(b) Inspect the spring clanp securing the inlet hose for
danage.

(c) Qneck inlet hose, outlet line, and vent line for bends and
| eakage.

(d) Check security of the fuel |ines nounted to the punp.

(e) Mike sure the punp and adapter are securely nounted to the
engi ne bl ock. Check the gasket for |eaks.

(5 Inspect Fuel |Injection Punp

(a) Mke sure the fuel injection punp is securely nounted to
t he engi ne bl ock.

(b) Check security of the nodul ator |ink attachnent to the
throttle | ever.

(c) Inspect the fuel injection punp housing for cracks, danage
and | eakage.

(d) Inspect throttle conponents for security, danage, and
| eakage.

(e) Inspect the throttle-positioning sensor. Gheck electrical

wring for frays and breaks. Mike sure the connection to the engine wring
harness is secure. Insure sensor is tight and secured to the punp.
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(6) |Inspect Fuel Nozzles and Hoses

(a) Qheck nozzle lines for security of attachnent to the
i nj ection punp.
(b) Inspect fuel nozzles for security of nounting.

(c) (heck the | eak back |ines hose connections and clanps on
the nozzles for security and serviceability.

d. Test Engine Fuel System

(1) Test the Fuel Punp for Proper Delivery. D sconnect wre No.
54A fromthe fuel solenoid to prevent the engine fromstarting while
conducting the test. To test the fuel punp for proper delivery, di sconnect
the fuel filter outlet hose at the filter and route it into a quart-capacity
container. Gank the engine for thirty seconds. The contai ner shoul d be at
least half full of fuel. If the volune is not sufficient, check the fuel
supply lines and hoses for restriction and check the filter el enents for
serviceability. Replace any unserviceabl e conponents. |f no restrictions or
obvi ous danages are found, repl ace the fuel punp.

(2) Test Fuel Solenoid and drcuitry

(a) Check electrical connections at the injection punp. Mke
sure that wre 54A is connected to the fuel solenoid terminal and wre 569B
is connected to the col d advance sol enoid terninal .

(b) To check the operation of the fuel solenoid, di sconnect
wre 54A fromthe termnal on top of the injection punp and turn the rotary
swtch to the "RIN' position. Touch wre 54Ato the fuel solenoid termnal
and renove; an audi bl e clicking sound should be heard fromw thin the punp.
If no sound is heard check wre 54A for vol t age.

(3) Test Fuel Gage/ Sending Lhit

(a) DO sconnect wre 28A fromthe fuel tank harness and turn
the rotary swtch to "RIN'. The fuel |evel gage should read "FUL".

(b) Touch wre 28Ato ground; the fuel |evel gage shoul d read
enpty. Next, disconnect wre 58C from58J and connect wire 28A to 58C using
a short junper wre the gage shoul d read enpty.

(c) Renove the access plate | ocated in the vehicle cargo area.

Qontinue testing by disconnecting harness wres 28B and 58J. (Qonnect wre
28B to 58J using a short junper wre; the gage should read "BMPTY," if not,
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repair the wring harness. |If the gage shows "FUL," the sending unit is
defective and nust be replaced. This wll require lowering the fuel tank.

(d) Next, you woul d di sconnect wres 28A 27J, and 58H from
the fuel gage. Wing a multineter, wth the rotary swtch in the “RN
position; check for battery voltage at wre 27J; check for continuity at wre
58H and ground and check for continuity through wre 28A If all wres test
correctly and the fuel gage is mal functioning, replace the fuel gage. |If any
wres do not test correctly, repair the body wring harness.

e. Service HMWA2 Engine Fuel FHilter Assenbly. Wien working on the fuel
system use caution because the fuel is highly flammable. Qover or plug all
di sconnected lines and fittings to prevent the entry of foreign naterial.

(1) Renove Fuel Flter and Separator H enent

(a) DO sconnect the transducer wre harness connector.

(b) Loosen the two hose cl anps and di sconnect the inlet hose
and outl et hose fromthe fuel filter cover.

(c) Loosen the hose clanp and di sconnect the fuel filter drain
hose fromthe filter housing.

(d) Renove the two capscrews fromthe fuel filter bracket and
renove the filter housing and bracket .

(e) Renove the three capscrews and washers securing the cover
to the filter housing and renove cover.

(f) Renove the "O ring seal fromthe filter housing. D scard
the "O ring seal .

(g0 Renove the filter and separator fromthe filter housing.

(h) Renove the separator fromthe filter and discard the
filter.

(2) dean and I nspect Fuel FHlter Assenbly

(a) Wse dry-cleaning solvent to clean all netallic parts. Dy
cl eani ng sol vent can be dangerous; use due cauti on.

(b) Inspect the filter housing and cover for distortion or
danage.
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(c) Inspect the separator for dirt, contamnation, or danage.
Replace if dirty, contamnated, or danmaged.

(3) Install Fuel FHlter

(a) Install anewfilter into the filter housing.

(b) Install a clean separator on the cover.

(c) Install anew"O ring seal into the filter housing.

(d) Install the fuel filter and bracket and secure themwth

two capscrews.

(e) Gonnect the fuel filter drain hose to the filter housing
and secure wth a hose cl anp.

(f) Pour one pint of fuel into filter housing to prine filter
to ease engine start up.

(g) Install the cover on the filter housing and secure it wth
three washers and capscrews. Tighten the capscrews to 50-60 i nch- pounds.

(h) Gonnect the inlet hose and outlet hose to the fuel filter
cover and secure wth two hose cl anps.

(1) Reconnect the transducer wring harness connector.

(4) Beed Fuel FHlter Assenbly

(a) Reconnect the electrical leads to the fuel pressure
t ransducer .

(b) Loosen the fuel filter bleed screw 3/4 of a turn.
(c) D sconnect wre 54A fromthe sol enoi d.
(d) Position a drainage contai ner to catch the fuel.

(e) Cank the engine until fuel exits fromthe bl eed screw
Do not operate the starter continuously for nore than 30 seconds; wait 10 to
15 seconds between periods of operation. Failure to do this wll result in
danage to the starter.

(f) Tighten the bleed screwto 40 to 50 i nch-pounds.

(g) Gonnect wre 54Ato the fuel solenoid, start the engine,
and check for fuel |eaks.
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f. REPLACE HWIWA2 ENG NE AR PUWP

(1) Renove the Fuel Punp

(a) Have a container ready to catch any fuel draining from
di sconnected |ines or hoses.

(b) Loosen the inlet hose clanp, disconnect and plug the inlet
fuel line hose fromthe fuel punp.

(c) Loosen the fuel outlet line fromthe fuel punp. Alowthe
fuel to draininto a container.

(d) Renove the clanp and di sconnect the vent |ine fromthe
fuel punp.

(e) Renove the two capscrews securing the fuel punp and gasket
to the fuel punp nounting plate. Renove the fuel punp and discard the
gasket .

(f) Renove the two capscrews securing the fuel punp nounting
pl ate and gasket to the cylinder block. Renove the nounting plate and
di scard the gasket.

(g0 Renove the push rod fromthe cylinder bl ock.

(2) Install Fuel Punp

(a) Pace asmall anmount of grease on the push rod to retain
it inthe cylinder block during installation.

(b) Insert the push rod into the cylinder bl ock.

(c) Install the fuel punp nounting plate and gasket to the
engi ne cylinder block and secure it wth two capscrews. Tighten the
capscrews to 4-7 foot pounds.

(d) Install the fuel punp and gasket on the nount plate.
Ensure the | ever and push rod alignnent. Secure the punp wth two capscrews
and tighten to torque specifications.

(e) @nnect the fuel vent line to the fuel punp and secure it
wth a spring clanp.
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(f) Gonnect the inlet line to the fuel punp and secure it wth
a spring clip.

(g0 Screwthe outlet line into the fuel punp by hand and
tighten using a |ine wench.

g. DO agnose HWIWA2 Engi ne Fuel System Mil functi ons

(1) Determneif air isinthe Fuel System

(a) Synptons of air in the fuel systemi ncl ude:

1 hard starting,

2 rough id e whether the engine is cold or warm
3 white exhaust snoke while cranking, and
4 excessive fuel consunption.

(b) To test for air leaks in the supply |ines:

1 Install a section of clear plastic tubing on the fuel
return line fitting of the engine injection punp.

2 (pserve the fuel flowng through the clear plastic
tubing. Bubbles in the fuel while cranking or running indicates an air |eak
inthe fuel line.

(2) Determne the Gause of Engine Granks but WII Not Sart (Fuel

System Qnl y)

(a) Drainthe fuel filter while cranking the engine for a
naxi numof 30 seconds. |If water or contamnation is present, wait two mnutes
and repeat the test twce nore. |If water or contamnation is still present,
drain and clean or replace the filter, the fuel tank, and refuel the vehicle.

(b) (heck the fuel supply pressure using a pressure gage or
STHICE The pressure should be 3 pounds per square inch mninum If
pressure is not at |least 3 pounds per square inch, clean the fuel filter and
repeat the test. |If pressureis still not at |east 3 pounds per square inch,
check the fuel supply Iines and hoses for restrictions and obvi ous danage.
Repl ace any danaged |ines or hoses. Check fuel pressure at the fuel punp
outlet; if pressure is not at |east 3 pounds per square inch, replace the

fuel punp.
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(c) Dsconnect the fuel filter outlet hose and route it into a
guart capacity container. Qank the engine for 30 seconds. The contai ner
should be at least half-full. |If the volune is not sufficient, check the
fuel supply lines and hoses for restrictions. A so check the filter for
serviceability if no restriction or damage are found, repl ace fuel punp.

(d) (heck the electrical connections at the injection punp.
Make sure that wre 54A is connected to the fuel solenoid termnal, the front
termnal, and that wre 569B is connected to the col d advance sol enoi d, the
rear termnal .

(e) Check for voltage at the fuel sol enoid by, di sconnecting
wre 54A fromthe fuel solenoid termnal. Wsing a nultineter, check for
voltage at wre 54A wth the rotary swtch in the "RN' position. |f
voltage is present, but less than 17 volts, check the batteries. If no
voltage is present, disconnect the engine wring harness connector fromthe
protective control box and check for continuity between pin Ain the engine
W ring harness connector and wre 54A Renenber you nust di sconnect both
battery ground cabl es before renoving the harness connector fromthe
protective control box. |If no continuity is present repair the engine wring
harness. |If continuity is present, attach the battery ground cable to the
battery and check for battery voltage, which is approxinately 24 volts, at
wre 29Cin the body wring harness connector at the protective control box,
wth the rotary swtch in the "RIN' position. If battery voltage is present,
repl ace the protective control box. |If no voltage is present, repair the
body w ring harness.

(f) Check the operation of the fuel solenoid. DO sconnect wre
54A fromthe termnal on top of the injection punp. Turn the rotary swtch
to the "RIN' position. Mnentarily touch the wre to the fuel sol enoid
termnal ; an audi bl e clicking sound should be heard fromw thin punp. If no
sound is heard, the injection punp wll have to be repaired by internedi at e
nai nt enance.

(g) If the fuel systemchecks out up to this point and the
engine still wll not start, check the operation of the gl owpl ug system The
procedures for diagnosing a nal functioning gl owpl ug systemw || be covered
later in this |esson.

(3) Determne the Gause of a Siff Accel erator Linkage

(a) Inspect the accel erator pedal bushing for binding or
damage that would limt pedal travel. Replace the bushing and gasket if they
are danaged.
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(b) Inspect the accel erator cable for kinks, corrosion, or
damage, which woul d restrict cable novenent. Repl ace the accel erator cabl e
if it is danaged.

(c) Inspect the throttle bracket return spring on the |eft
side of the injection punp for danage, which woul d restrict accel erator cable
novenent. Replace the spring if it is damaged.

(d) If the problemresults fromother causes, notify
i nternedi at e nai nt enance.

3. BATTERY, GRANKING AND GEN\ERATI NG SYSTHEVG

a. Battery System

(1) Two 12-volt batteries are connected together by a cable
attached to a negative termnal of one battery and positive termnal of the
other battery. The renaining negative termnal is connected to a current
shunt and positive termnal is connected to a power stud. The power stud is
bolted to a bus bar at the battery box. You wll be shown the shunt, power
stud and bus bar shortly.

(2) The rotary Run/Start swtch is located on the extrene |eft of
the instrunent panel. This three-position rotary swtch activates the
electrical systemand controls the operation of the battery and starting
syst ens.

(3) The protective control box, coomonly referred to as the PGB, is
| ocated beneath the instrunent panel on the driver's side. Qe of the
functions of the P(Bis to protect the electrical systemof the vehicle in
the event the battery systempolarity is reversed.

b. Qanking Systent @ owpl ugs

(1) You were introduced to the rotary swtch in the battery system
The swtch is al so considered part of the starting system because it
provi des power to the neutral safety swtch.

(2) The neutral safety swtchis nounted in the shift control
housi ng assenbly. Wien the transmssion shift lever is in the neutral or
park position, the swtch closes arelay in the protective control box,
allowng battery power to reach the starting notor sol enoid.
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(3) The starter solenoid and starter notor are al so conponents of
the cranking system The starter solenoid, is a nagnetic rel ay that
transmts battery voltage to the starter notor. The starter notor cranks the
engine for starting and i s supplied battery power through circuit 6A of the
cranki ng system

(4) The gl owplugs add heat to the pre-conbustion chanbers of the
engine for faster starts. This is especially inportant when tenperatures are
| ow

(a) The glowplugs are screwed into the cylinder heads, just
bel ow each fuel nozzle.

(b) The tips of the gl owplugs extend into the pre-conbustion
chanfer s.

(c) Wen the rotary swtchis placed in the "RIN' position the
gl owpl ugs are energi zed and becone cherry red, simlar to the heating
el enents on an el ectrical stove and heats the air in the pre-conbustion
chanbers to approxi natel y 1400 degr ees.

(5 The glowplug controller is nounted in the cool ant crossover
pi pe and control s operation of the engi ne gl owpl ug system This conponent
nonitors engine tenperature and activates gl owpl ugs as needed to naintain the
correct tenperature in the pre-conbustion chanbers for cold weather starting.

c. Generating System

(1) The HWWWWA is equi pped wth the 200 Anp. Nei hoff alternator.

(2) The alternator is located on the | eft side of the engi ne
conpartnent, it is nounted on a support bracket which is bolted at the engi ne
bl ock and cylinder head. Additional support is provided by a bracket that
attaches the rear alternator flange to the exhaust nanifol d.

(a) The alternator is driven by a serpentine belt fromthe
crankshaft pul l ey, unlike the conventional V-belts that need periodic
adj ustnent, serpentine belt tension is naintained by a sel f-adj usting bel t
t ensi oner.

(b) The HWIWA2' s generating systemis equi pped wth an
alternator capabl e of producing 26 to 30.5 volts, to support the vehicle's
24-volt system The regulator for this nodel has over voltage protection,
any out put voltage over 30.5 is an over voltage.
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(c) This systemal so charges the batteries. Wre 6 carries
voltage directly fromthe alternator to the battery box bus bar; this voltage
repl eni shes the depl eted batteries and supplies voltage to other circuitry
when the engine is in service.

(d) The 200-anpere N ehoff alternator, has an external
nonadj ustabl e regul ator; that is replaced at the organi zati onal nai nt enance
level. Procedures for testing are found i n T™M 9- 2320- 280- 20- 1.

(3) The battery gage is located in the instrunent cluster in the
crew conpartnent. The gage neasures the vol tage out put between the
protective control box and ground. The gage does not have a nunber scal €;

i nstead, color bands indicate charging systemactivity. The battery gage is
activated by turning the rotary swtch to the "RIN' or "START" position.

d. Wring D agram

(1) To provide the voltage necessary to turn the engine so it will
start, we need to connect the two 12-volt batteries together. This is
acconpl i shed wth wre No. 68 connecting the positive termnal of one battery
to the negative termnal of another battery.

(2) Nowwe need to connect the remai ning negative battery ternmnal
to our shunt.

(3) The positive termnal of the other battery is connected to a
termnal on the bus bar located at our battery box. Wre 6A connects the
power stud and starter notor. The starter bus bar connects the starter notor
to the starter solenoid. The starter solenoid is connected to the PGB by
wre 74A The starter notor is grounded to the right cylinder head wth wre
7A Wre 7E grounds the positive side of the shunt to the right cylinder
head.

(4 Wre No. 6A connects the starter to the battery bus bar through
the power stud. Wre No. 81A connects the battery bus bar to the protective
control box. Wre No. 11A connects the protective control box to the rotary
sw tch.

(5 To prevent the engine fromstarting in any transmssi on range
other than neutral or park, wre 14A connects the rotary swtch to the
neutral safety swtch and the neutral safety swtch is connected to the PCB
wth wre No. 14B

(6) PAns Gand F of the PCB are connected to the alternator and P n
| of the PABis connected to the starter sol enoid.
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4.  TROBLESH3O0MN NG PROCEDURES

a. Battery Qrcuit Tests

(1) Page 2-31 of TM9-2320-280-20-1 provides a |list of electrical
and nechani cal troubl eshooting procedures for the different systens of the
vehicle. V¢'re interested in the battery system so let's look at the |ist
and find battery circuit test (page 2-251).

(2) Page 2-251 inforns us that these battery tests may be run any
tine you think you have a battery problemor if you were sent here by anot her
test chain. W are also told that foldout 7 should be left open for a
reference while testing the battery circuit. Qpen foldout 7, then turn to
page 2-252.

(3) Wregoing torun these tests because the batteries wll not
turn the starter notor fast enough to start the engine.

(4) Look in the known infornation colum. The word Nothing! has
been entered. V& are asked if all battery connections are clean and tight?
The reason for the question is that |oose or dirty connections can nake good
batteries function inproperly and nmay not allow current to flow

(5 MNowlook tothe right of the page (2-253) and read the
ref erence infornation.

(6) For training purposes, let's say that all the battery
connections were clean and tight. The chain directs us to test 2 and asks if
the batteries are filled to the proper |evel?

(7) The reason for the question is that the batteries need water
for the electrolyte solution. Batteries won't work right if the el ectrolyte
level islow VeIl answer the question wth a no. Ve are instructed to add
water to the proper level. The reference infornation explains and shows us
howto add water to the battery cells.

(8 Again, for training purposes, we wll answer all questions wth
ano, until the problemis found and corrected. Are there any questions
about how to troubl eshoot the battery circuit?

b. Sarting Qrcuit Tests

(1) Page 2-261 provides a bl ock diagramof the starter circuit and
describes the function of each conponent in the circuit, nowtake a nonent or
two and read the informati on under General Description.
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(2) Page 2-284 begins the troubl eshooting procedures for the
starting system Turn to page 2-284. The known infornation col umm asks is
battery voltage at |east 20-volts.

(3) Theinstructions inthe reference infornation are the sane as in
Test Nb. 1 for the battery circuit. |If these instructions were fol | oned
while performng Test No. 1, there is no reason to repeat the procedures and
we woul d continue followng the flowchart until we | ocated and corrected our
pr obl em

(4 Theillustration shown is a cutanway of the right side of the
vehicle, depicting the starter, gasket and upper inspection cover shins.

(5 Hrst, disconnect both negative battery cables. Notice, the
torque converter housing cover is a two pi ece housi ng, renove the upper
converter housi ng cover fromthe transm ssion.

(6) Next, renove the fastening hardware securing the el ectrical
leads to the starter and solenoid and tag the el ectrical |eads.

(7) Have an assistant support the starter while you renove the
fastening hardware that secures the starter to the engine.

(8 MNow renove the starter and shins. The shimsize is stanped on
one side of the shim Mke a note of the shimsize if the existing starter
istobereplaced at a later date or in case the shimis mspl aced or
danaged.

(9) If the existing starter is to be installed, use the shims that
you renoved, providing they are serviceable. Next, install the starter.

(10) To test the gl owpl ugs, disconnect the electrical wre fromthe
glowlug to be tested. Prepare the multineter for resistance testing.
Gonnect the positive miltineter wre to the end of the gl owl ug and the
negative wre to ground. The resistance inthe glowlug wll be indicated in
the LAD display wndow Repeat the test on all eight glowlugs. Replace any
gl owpl ugs not having 1.0 to 2.0 ohns resi st ance.

(11) Wen the engine tenperature i s bel ow 120 degrees Fahrenheit and
the rotary swtch is positioned to "RIN', the Wdit-to-Start lanp wil |ight
for up to fifteen seconds. Wen the Vdit-to-Sart |anp goes out, the engine
can then be started. After the engine is started, the gl owpl ugs w |
continue to cycle for up to 5 mnutes.
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(a) Wth the engine running, the gl owl ug systemis cycling
nornal Iy when there is an "on" pulse for 1 second and "off" pulse for up to
15 seconds.

(b) To detect gl owplug systemcycling, watch the voltneter.
The gage needle wll nove to the I eft when the gl owpl ugs are on and then
return to its nornal position when the glowplugs are off. Arelay click
shoul d be heard fromthe protective control box as the systemsw tches on and
off. The multineter, set to read battery vol tage nay be used on any gl owpl ug
wre to check the operation of the gl owlug system D sconnect any gl owpl ug
wre froma gl owpl ug and connect the positive multineter wre to the
di sconnected gl owpl ug wre. Gonnect the negative wre to ground. Have an
assistant start the engine. Battery voltage wll be indicated in the LCD
di spl ay w ndow every tine the gl owplugs cycle on. Zero voltage wll be
di spl ayed when the gl owpl ugs cycl e of f.

c. enerating SystemTests

(1) Test No 1. begins wth the question, is the drive belt tight
and in good condition? The reason for the question, is that if the belt is
| oose or worn the engine wll not drive the alternator fast enough to
recharge the batteries. Snce the proper belt tension is naintai ned by the
belt tensioner, we only need to inspect the drive belt for serviceability.

(2) If our belt is okay, we would continue and performTest No. 2.
Here we are asked if all wre connections to the alternator are cl ean,
tight, and nmaking a good connection? If the answer is no, we woul d cl ean and
tighten them

(3) If the answer is yes, we knowthe belt and w ring connecti ons
are okay and woul d performthe next test, which is Test No. 3. Here our test
options are SITHICERor a miltineter. Regardl ess of which test option you
choose, continue testing, using the procedures in the flowchart until the
problemis found and corrected. Are there any questions about howto use the
flowchart to troubl eshoot the generating systen?

(4 To test alternator output voltage we nust performcertain
pr ocedur es.

(a) Hrst, slide the boot back fromwre lug of regulator to
expose the red termnal. Wing adigital multineter connect red wre of
mul tineter to red energize termnal, including wre 5A

(b) Next, slide the boot back fromwre |lug of the negative
termnal located at the front of the regulator |ocating wire 3B and connect
ground wre of the miltineter. Select the voltage setting.
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(c) Sart the engine and set engi ne speed to 1200- 1500 rpmfor
2-3 minut es.

(d) Pace aload on the alternator by operating any accessory
such as the headlights or heater.

(e) Record alternator voltage displayed. [|f alternator output
voltage is over 30.5 volts replace the regul ator.

(f) Stop the engine and turn the rotary swtch to the run
posi ti on.

(g0 (heck for battery voltage at the red (energize) termnal
onthe regulator. If all connections are clean and tight and no voltage is
present at the red termnal, notify internedi ate mai ntenance. The wring
har ness needs repl acenent or repair.

7. HHE. SYSTHVS S MLATI ON TRAI N NG

a. As you can see, this panel illustrates all fuel conponents you woul d
be required to test when performng diagnosis on the fuel systens of a
HWWA2. The panel is divided into three areas.

(1) The panel display (face) provides a pictorial of the system
sinmulated. Al conponents are depicted in the sane pl ace as on the act ual
vehicle. |In some cases, we have used call-outs to provide nore detail. The
call-outs have an arrow |l eading fromthe call ed out conponent to its |ocation
on the systemillustrated. You wll also notice conponent swtches; those
are used in conjunction wth node swtches that we wll talk about |ater.

(2) The node swtches (Inspect, Repair or Replace, d ean,
Renove/ Instal |, Adjust, Touch, D sconnect/nnect, Drain, Sanpl e Fuel,
Instal |/ Renove A ear Tube, FH I, and Loosen/ Tighten) are on the top. They
are used in conjunction wth conponent swtches, as previously nentioned. |f
you want to inspect a conponent, such as a fuel line, you sinply push the
conponent swtch adjacent to the fuel line then push the "inspect” node
swtch. Wen you do that, you wll get a video display of that line in
whatever conditionit isinat thetine. It nay be connected, di sconnected,
| eaking, et cetera. Let's say that you have just inspected the fuel |ine and
the video that cane up showed it in a disconnected state. If you wanted to
connect it, you sinply press the conponent swtch again and then press the
di sconnect/connect swtch. To reverse the action, you only need to press the
sane two sw tches agai n.
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(3) The next set of swtches down (Charge Batteries, Check Specific
Gavity, Anal yze Exhaust Swoke, or Send To Drect Support) are the action
swtches. Action swtches are not used in conjunction wth conponent
swtches. Action swtches are used for unique actions, which we wll discuss
| ater.

(4) The bottomset of swtches is status swtches. Here you have
| esson conpl ete, next |esson, display ERQ help, check systemcondition, and
i ncorrect procedure swtches. Wen working an exercise or diagnostic
problem if you believe you are finished and the probl emor exercise has been
sol ved or conpl eted, press the | esson conplete swtch. [f you were correct,
the next lesson swtch lights up indicating you were correct and can proceed
to the next exercise or problem |If you had not conpl eted the exercise, the
video nonitor (the upper nonitor) wll display a nessage indicating | esson
not conpl et e.

(5 Sonetines, although you have repaired the nal function, verified
repair, and returned the systemto nornal, a cue to "Check System Gondition"
w | be displayed on the video screen. Wen that happens, |ook at the
conputer screen for a list of conditions such as: "Ignition Gf," "Throttle
at Idle ™ "Light Snutch,™ "Al Test Probes O sconnected,” and "A | Test
Equi prent O sconnected.” The hel p swtch is used when you need instructor
assi stance. The check systemcondition swtch causes a display on the video
nonitor indicating the systemis in a nornal state or in an i nproper
condition that you have not cleared. The display EROswtch allows you to
recall the BEROnessage if a nal function has been inserted in the panel . You
can use this swtch at anytine during the exercise or diagnostic procedure.
The incorrect procedure |ight cones on anytine you do sonething that presents
a hazard. For exanple, if you try to take a fuel sanpl e w thout
di sconnecting a fuel line first, the incorrect procedure light will
illumnate. Wen that light is on, you wll have to press the check system
condition swtch to continue.

c. VeIl begin by covering the itens al ong the bottomof the panel.

(1) Sarting on the left side, you have the ignition swtch. It
operates just like the one on an actual vehicle. To start the engine, place
the swtch in the run position and wait for the wait-to-start light to go
out. The light is just above the swtch. G ahead and start your engi ne
now Nbtice that all the gages on the instrunent cluster are providing you
wth normal readings. By the way, don't use excessive force on any of the
panel 3-D controls. The knobs can be easily danmaged.

(2) Totheright of the stop light and ignition swtch, you see
red, yellow and green lights. The green light is illumnated now These
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lights sinulate the air restriction indicator. Geen indicates no
restriction;, yellow a partial restriction; and red, a conpl ete restriction.

(3) Qutside the area where the swtches we have been di scussing
are, you can see call-outs on the back of the ignition swtch and the wait-
to-start wring. Each has the necessary conponent swtches and test jacks
for diagnostic testing.

(4 Belowand slightly to the right of the steering wheel is a
call-out of the rear of the fuel gage. Al of these call-outs have conponent
swtches and/or jacks for testing so |l won't be nentioning those again. You
know how t hey are used.

(5) Next, you have an illustration of the instrunent panel wth
active gages for fuel level, oil pressure, tenperature, and a battery-
generator indicator. The fuel gage and battery-generator indicator have
their own conponent swtches. At this tine, | want you to i nspect the
battery-generator indicator. Notice that the video shows the needle in the
red di scharge band while the functional gage gives you a good readi ng;

I i kew se, the fuel gage video woul d show an enpty fuel tank whereas the
functional gage nay indicate full. This is just a programpeculiarity;
unl ess you are in a nmal functioning condition, rely on the actual gage.

d. Panel ULhigue Mde and Action Sitches

(1) Mde swtches

(a) The sanple fuel node swtch allows you to ook at a fuel
sanpl e by using a conbi nati on of conponent sw tches and cranki ng the engi ne
to simul ate punping fuel in a fuel sanple bottle. To do that, you have to
di sconnect the fuel delivery line and then crank the engine. Wiile cranking,
agai n cycle the conponents swtch for the fuel delivery line and use the
sanpl e fuel node swtch. G ahead and try that seqguence now

(b) There is also a "fill" conponent swtch that allows you to
fill the tank after you use the "drain" node swtch to drainit.

(2) Action swtches. You nust renenber that the action swtches
are used by thensel ves. For exanpl e, to anal yze snoke, you nust crank the
engine for the conputer to accept the "send to direct support.” You nust
ensure the probl emis 3d echel on.

(3) Called-out conponents.

(a) Immediately above the multineter, you can see the fuel
[ift punp. As you know the fuel lift punp delivers fuel to the injection
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punp. The conponent switch all ows you to repl ace the punp, connect and
di sconnect the lines, and check for adequate fuel flow

(b) Myving again left, thereis a call-out of the gl owl ug
connector. The nale side of the connector is further called-out. There are
test jacks on both sides of the connector.

(c) Inthe upper left corner of the panel, there is a call-out
that depicts the top side of the fuel tank. It has various conponents
swtches and test jacks associated wth it. Renenber, to work on the top of
the fuel tank on an actual vehicle, the tank woul d have to be drai ned and
renoved. Wél|, the sinulator works the sane way. |f you forget that, you
wll be seeing alot of incorrect procedure |ights.

1 To renove the tank you first need to drainit.

2 Next, you need to disconnect the negative clanp from
the grounded battery.

3 Then, disconnect lines 58C and 28A fromthe top of the
t ank.

4 A this tine, you need to renove the tank. To do this,
depress the call-out for the fuel tank and press the renove/instal |l node
swtch. Next, depress the call-out for the fuel tank and press the inspect
node swtch. You should see the fuel tank on the deck. Now you have access
to the fuel sending unit and the filter, if that is what you want to do.

(g) Mving tothe right past the call-out for the circuit
breakers, you wll see a called-out glowlug. It al so has conponent sw tches
and jacks for testing and repair.

(4) Gonponent swtches, jacks and transducer associated wth the
engi ne and its accessori es.

(a) Take a couple of mnutes and i nspect each itemfor which a
conponent swtch is provided. Being famliar wth the actual itens shoul d
tell you when the various conponent swtches will cone into play.

(b) The silver colored connector is for a simulated transducer
that you wll use in conjunction wth the STHICE to test oil pressure.

(c) Look at the fuel filter. The line closest to the front of
the vehicle is the fuel delivery line. The rear one is theinlet to the
filter fromthe lift punp. V@ are interested in the fuel filter because, as
you know, you need to take fuel sanpl es and check adequate fuel delivery at
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the fuel punp during troubl e diagnosis on the fuel system To do those
things, you wll need to disconnect the appropriate line, crank the engine,
and use a conponent swtch in conjunction wth the sanpl e fuel node sw tch.
The video presentation wll give you diagnostic cue dependi ng on whet her the
systemis nornal or nal functioning.

(d) 1 alsowant you to |locate the chassis ground. Point this
itemout to the assistant instructor responsible for your station.
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