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STUDENT QJTLI NE

WA NTAIN THE Mk48 B ECTR CAL SYSTEM

LEARN NG ABIJECTI VES

1. Termnal Learning (bjective: QGven an LVS TM2320-20/12A tools, and
equi prent, performsecond echel on nai ntenance on LVS el ectrical system per
the reference. (3521.13.12)

2. Enabling Learning (bj ecti ves:

a. GQven an MK48, TM 2320-20/ 12A, inspect the electrical systemfor
serviceability, per the reference. (3521.13.12a)

b. dven an M48, T™M 2320-20/ 12A tools, and equi pnent, test the
electrical system per the reference. (3521.13.12b)

c. Gven TM2320-12A and partial statenents pertaining to the M43
electrical system conplete the partial statenents to describe the procedures
used to di agnose a nal functioning M48 el ectrical system (3521.13.12c)

d. Gdven an MK48, TM 2320-20/ 12A tool s, and equi pnent repair the
electrical systemper the reference. (3521.13.12d)

e. Qven an MK48, TM 2320-20/ 12A, tool s, and equi pnent repl ace
conponents of the electrical system per the reference. (3521.13.12e)

QJTLI NE

1. |DENNHCATIAON LGCATI AN AND FUNCTT ON GF THE GOMPONENTS BEMPLOYED | N THE
M48 H ECTR CAL SYSTEM

a. Batteries, drcuit Breakers, Relays, Wring, Gabling, and Milti -
Gonnect or s
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(1) Batteries. Power storage for the MKA48 consists of four, narine
type, twelve-volt batteries, negative ground, that is connected in a series-
parallel circuit to produce twenty-four volts. The MK48AL consists of four,
6TN tactical type, twelve-volt batteries, which are connected in a series-
parallel circuit to produce twenty-four volts.

(a) The batteries are housed wthin a conpartnent nounted on the
left fender. The M48 conpartnent al so provides a receptacle for slave
starting. The MK48AL sl ave-starting receptacle is located on the quick start
ether bottle bracket.

(b) Wiile the batteries can power all of the systens in the M48
for alimted tine, their prinary purpose is to store energy provided by the
al ternator when needed and to supply power to the engine starting circuit.

(2) drcuit breakers

(a) The vehicle electrical systemis protected agai nst overl oads
by automatic reset circuit breakers. These circuit breakers are |ocated in
the cab consol e beneath a panel and by the starter rel ay.

(b) Acircuit breaker is a thernal nechani cal device that serves
a purpose simlar to that of a fuse. drcuit breakers are designed to open a
circuit when the current flow exceeds the safe limts of the circuit.

(c) There are fourteen circuit breakers that protect the M48
electrical system thirteen within the cab consol e and one next to the
starter relay. Each of themis nunbered for easy identification. To
identify an individual circuit breaker wthin the cab console, count fromthe
driver's side over to the passenger side of the cab. To nake it easy for you
to determne the "hot" side of the circuit breaker during testing, the
battery side of the circuit breaker wll always face forward and the | oad
side wll face rearward.

(3 Relays

(a) The vehicle electrical systemis also controlled by rel ays.
These relays are al so located in the cab console, to the front of the
circuit breakers.

(b) Arelay is a device, usually consisting of an el ect ronagnet
and an armature, by which a change of current or voltage in one circuit can
be nade to produce a change in the el ectrical condition of another circuit,
or to affect the operation of other devices in the sane or another el ectrical
circuit.
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(4 Wring and cabling. Al conponents in the electrical systemare
connected by the appropriate size wring and cabling. Each wre and cable is
identified by a nunbber that is enbossed on tape that is wapped around each
wre and cable near its termnal end or it is stanped on the wre or cabl e
itself at selected intervals.

(5 Milti-connectors. There are several multi-connectors | ocated
throughout the MK48. They vary in size and use dependi ng on where they are
| ocated wthin the wring harness.

b. Ignition Sntch, Neutral Safety Sntch, Sarter Rlay, Sarter
Solenoid, Sarter, and drcuit Breaker No. 5

(1) Ignition swtch

(a) Theignition swtchis athree-position swtch that is
| ocated on a vertical panel belowthe right side of the instrunent panel.

(b) The three positions are "G " "ON" and " START. "

(c) Theignition swtch controls the charging, accessory, and
starting circuits. Wen the ignition swtchis noved to the "QN' position,
the ignition and accessory circuits are activated. Wen the swtchis
further noved to the "START' position, and the transmssion range sel ector is
inthe "NEUTRAL" position, the engine wll crank if the systemis functioni ng
nornal |y.

(2) Neutral safety swtch. The neutral safety swtch is |ocated
under the transmssion range sel ector.

(a) Access to the neutral safety swtch can be gai ned by
renovi ng the panel that is | ocated bel owthe transmssion range sel ector, as
viewed fromthe left side of the vehicle.

(b) The neutral safety swtch is designed to prevent the starter
fromengaging if the transmssion range selector is in any position other
than neutral .

(3) Sarter relay swtch. The starter relay swtch is located on a
bracket inboard of the battery box.

(a) The starter relay is sonetines referred to as a nagnetic
sw t ch.

(b) The starter relay is used to isolate the ignition swtch
fromthe starter.
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(4 Sarter solenoid. The starter solenoid is nounted on the top of
the starter.

(a) The starter sol enoi d nakes and breaks the circuit between
the batteries and the starter notor.

(b) This solenoid al so shifts the starter drive in and out of
the fl ywheel ring gear.

(5 Sarter notor. The starter notor is |ocated on the left hand
side of the flywheel housing.

(a) The starter converts the electrical energy fromthe
batteries into rotational torque to turn the engi ne crankshaft.

(b) The starter notor contains a starter drive, arnature,
conmut at or, and brushes.

(6) drcuit breaker No. 5. Athough circuit breaker No. 5 is not
part of the starting system it is appropriate to address it at this point.

(a) Wre 430, routed fromthe positive side of the starter rel ay
tocircuit breaker No. 5, is the hot wre that feeds battery voltage to the
ignition swtch through wre 431. Both of those wres are attached to the
sane side of circuit breaker No. 5. Therefore, the condition of circuit
breaker Nbo. 5 wll not affect the starting circuit as long as both wres have
good contact wth each other.

(b) Wre 430 also feeds battery voltage to the engi ne shut down
sol enoid through circuit breaker No. 5 and wre 096. If the circuit breaker
were open or defective, no electricity would be delivered to the engi ne
shut down sol enoi d when the engi ne shutdown swtch in the cab is cycl ed.

Thus, a defective circuit breaker woul d not prevent cranking and starting,

but it would prevent shutting down the engine with the engi ne shutdown swtch
inthe cab. Youwll be given additional instruction on the shutdown
solenoid at a later tine.

c. Aternator, Woltage Regulator, Dode, Relay No. 2, and drcuit
Breakers \No. 8, 9, and 14

(1) Aternator. The alternator produces electricity (27.8 to 29.1
volts) to naintain battery vol tage and power the el ectrical conponents of the
vehicle. The alternator, which is nounted on and driven by the engi ne
bl oner, generates 65 anps for charging the batteries and operating the
accessori es.
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(2) Regulator. Incorporated ontop of the alternator is an
adj ustabl e out put voltage regul ator that regul ates the alternator output.
The voltage regul ator can be set for high, mddl e, or |ower voltage output.

(3) Dode

() Adiodeis placed inline between the alternator and the
starter. It is nounted on a bracket inboard of the battery box, next to the
starter relay, and attached to the output side of circuit breaker No. 14.

(b) The purpose of the diode is to prevent current fromflow ng
inthe wong direction if polarity is accidentally reversed.

(4 Relay No. 2

(a) Relay No. 2 is located in the center consol e panel, second
relay fromthe left as viewed fromthe driver's conpartnent.

(b) Relay No. 2 activates the alternator ignition circuit
through circuit breaker No. 9 when the ignition swtch is turned to the "Q\'
posi ti on.

(5 drcuit breaker No. 8
(a) drcuit breaker No. 8 is located in the center consol e panel
and is the eighth circuit breaker fromthe left as viewed fromthe driver's

conpar t nent .

(b) This circuit breaker wll allow power to flowto circuit
breaker No. 9 by way of a tie bar (bus bar).

(6) drcuit breaker No. 9
(@) drcuit breaker No. 9 is located in the center consol e panel
and is the ninth circuit breaker fromthe left as viewed fromthe driver's
conpart nent .
(b) This circuit breaker wll continue the flow of power
directly tothe alternator ignition termnal, exciting the alternator field
w ndi ngs.

(7) drcuit breaker No. 14

(a) drcuit breaker No. 14 is located on a bracket inboard of
the battery box, next to the starter relay, and is connected in-1ine between
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the alternator and starter positive termnals, wth the diode placed onits
output termnal .

(b) drcuit breaker No. 14 protects the charging systemcircuit
in the event of an overl oad.

d. Mscellaneous Hectrical Gonponents.

(1) DOrectional relief valve

(a) The directional relief valve is an electrically operated,
hydraul i c val ve located on a bracket to the left of the hydraulic reservoir.

(b) The directional relief valve is controlled by an el ectri cal
solenoid at the valve. The position of the parking brake swtch and the
neutral safety swtch determnes the opening and cl osing of the sol enoi d.

(c) Wen the transmssion is in neutral and the parking brake is
set (pulled out), the directional (yaw relief valve directs oil to the
hydraul ic reservoir. But, during vehicle steering operation, the hydraulic
ol is directed to the yaw control valve for yaw steering.

(2) Fan control val ve

(a) The fan control valve is an electrically/thernostatically
operated hydraulic val ve | ocated directly behind the auxiliary sel ector
val ve.

(b) The fan control valve is controlled by an el ectrical
sol enoid at the valve and by a therno swtch nounted on the |eft thernostat
housi ng of the engine. The fan control valve will not activate until the
engi ne tenperature reaches 180 degrees Fahrenheit or above.

(c) The fan control valve is used to control the flow of
hydraulic oil to either the fan notor or back to the hydraulic reservoir.

2. OBERMBNCG- THE K48 H.ECTR CAL SYSTEM SCHEWATI CS

a. Hectrica Schenatics. The schenatics are generalized pl ans that
contain outlays of the electrical system There are a total of four sheets
of the electrical systemschenatics.

(1) Bectrica systemconponent designators. The followngis a
breakdown of the al phanuneric designators used in identifying the various
el ectrical conponents that are | ocated on FO 3.
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(a) Swtches. Designators beginning wth the letter "S'
identify a conponent as a swtch that wll require nanual / nechani cal
oper at i on.

(b) Pressure swtches. Designators beginning wth "PS' identify
a conponent that is controlled by pressure.

(c) Tenperature swtches. Designators beginning wth "TS'
identify a conponent that is thernostatically controll ed.

(d) Lights. Designators beginning wth "L" identify a conponent
that has a light.

(e) Relays. Designators beginning wth "R identify a conponent
as being a rel ay.

(f) Mil'tiple connectors. Designators beginning wth "M
identify a connector.

(g Qrcuit breakers. Designators beginning wth "(B' identify a
circuit breaker.

(h) Mscellaneous. Designators beginning wth an "M identify a
conponent in the mscel | aneous cat egory.

(2) ode sort. This section identifies the foll ow ng:
(a) Wre nunber,
(b) Routing and where it goes to, and

(c) Sheet. (Wat page of the schenatic sheet it can be | ocated
on.)

(3) \Wehicle schematics

(a) Sheets 2 of 4 (FO4) and 3 of 4 (FOD5) identify the routing
of all conponents and wring that are on the M48 unit.

(b) Sheet FO7 identifies the routing of the instrunent panel
wring of the M48.

3. PRINJPRLES Gr GPERATI ON FCR THE K48 H ECTR CAL SYSTEM

a. Power tothe Battery Terminal of the Ignition Satch
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(1) Positive wre connections (red)

(a) The battery systempositive cable (wre 139) is connected to
the starter sol enoi d.

(b) FFomthe starter sol enoid, cable 046 proceeds on to the
starter rel ay.

(c) Now at the starter relay, cable 430 continues the power flow
through MC13 and M5 up to circuit breaker No. 5.

(d) Anally, fromcircuit breaker No. 5 wre 431 conpletes the
circuit at the battery termnal of the ignition swtch.

(e) Wres 816 and 818 fromthe starter solenoid are for STH | CE
use.

(2) Negative wre connections (brown)

(a) The battery negative cable (Wre 138) is connected directly
to the back of the starter notor.

(b) Cable 148 is the ground strap, which conpl etes the ground
fromthe back of the starter notor to the vehicle frane.

(c) Wre 819 fromthe starter notor is for STH | CE use.

b. Power tothe Qutput Termnals of the Aternator

(1) Positive wre connections (red)

(a) Cable 833, which is connected to the starter sol enoid al ong
wth battery positive cable 139 and wre 046, routes to the i nput side of
circuit breaker No. 14.

(b) Fromthe output side of circuit breaker No. 14, wre 278
continues up and ends at the output termnal of the alternator.

(c) Keep in mnd that a diode is connected on the output side of
circuit breaker No. 14. By doing this, the diode can counteract polarity if
it is accidentally reversed. This neans, as long as positive voltage is
runni ng through the circuit, the diode wll allowvoltage to pass. In the
event of reverse polarity, the diode wll stop the negative flowand wll not
all ow danage to occur to the alternator. Additionally, circuit breaker No.
14 wll open due to reverse polarity.
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(d) Wre 820 at the positive termnal of the alternator is for
STH | CE use.

(2) Negative wre connections (brown)

(a) Wre 128 is connected to the negative output termnal of the
alternator, which is grounded to the back of the starter notor.

(b) Wre 815 on the negative termnal of the alternator is for
STH | CE use.

c. Ignition Sntchto "ON' to Activate the Ignition Termnal of the
Aternator (bl ue)

(1) The ignition swtch termnal narked "IG\N' (ignition), carries
power fromthe ignition swtch through cabl e 075 back to relay No. 2.

(2) Fomrelay No. 2, the el ectromagnet is activated by conpl eting
the circuit between wres 736 (always "HOI") and 075. This wll now al |l ow
power to flowfromwre 735 to circuit breaker No. 8.

(3) At circuit breaker No. 8, there is a bus bar that crosses or ties
tocircuit breaker No. 9.

(4) Power fromcircuit breaker No. 9 wll now flow through wre 831
back to the ignition termnal of the voltage regulator. Keep in mnd that
wre 831l is routed through two nultiple connectors, M®B and MCl1, before it
actual ly ends at the voltage regul ator.

(5) Wth voltage applied at this point, the alternator field w ndi ngs
are activated. Wth the vehicle running, the alternator generates
alternating current (ac), which is then passed through a set of rectifiers
that change it into direct current (dc) voltage. This direct current flows
through the diode and the circuit breaker and on to the starter solenoid to
naintain battery charge and to power the accessori es.

d. Ignition Sntch to "ON' to Activate the Accessory Qrcuit (B ue)

(1) Again, having the ignition swtch turned to the "QN' position,
the termnal narked "AQC' (accessory) is al so activated.

(2) Wre 640 runs the accessory circuit.

e. Ignition Sntch to "START" to Activate the Sarting Arcuit (Geen)
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(1) Wen the ignition swtchis further turned to the "START"
position, power is sent to the "ST" (start) termnal of the ignition swtch
through wre 436 that goes to the neutral safety swtch.

(2) FFomthe neutral safety swtch, wre 021 carries the power to the
starter relay through M5 and MCL3 as long as the neutral safety swtchis
adj usted properly and the transmssion range selector is in neutral.

(3 A thistine the starter relay is energized, and battery vol t age
is applied directly to the starter sol enoi d through wre 045.

(4) Wen the solenoid is energized, the main contacts wthin the
sol enoid close and the starter drive pinion shifts into engagenent wth the
ring gear on the flywheel .

(5) After the drive pinion conpletes its travel, it closes heavy
contacts that connect the starter notor to the battery and the arnature in
the starter notor starts to turn.

(6) Wen the engine begins to run, the pinionis turned faster than
the starter armature is turning and an overrunni ng condi ti on exists.

(7) Wen the ignition swtchis released, it automatically returns to
the "ON' position. A this tine, battery voltage is no |onger applied to the
output side of the solenoid and the drive pinion is disengaged fromthe
flywheel ring gear by a spring incorporated in the drive pinion. Now that
voltage is no longer applied directly to the starter, the starter notor
ceases to turn.

e. Fan ontrol Val ve peration

(1) Engine tenperature bel ow 180 degrees Fahrenheit

(a) During engi ne operation when the engine tenperature i s bel ow
180 degrees Fahrenheit, the fan control valve is closed due to the action of
the fan control swtch that is nounted on the | eft thernostat housing.

(b) The fan switch is operated by circuit breaker No. 9, wre
718. This wre wll go through M®X and MC11 up to the swtch.

(c) Below 180 degrees Fahrenheit, the fan swtch is closed and
does not all ow power to go to the fan control valve. Thus, the sol enoid at
the fan control valve wll renain closed until the engine tenperature is 180
degrees Fahrenheit or above.

(2) Engine tenperature above 180 degrees
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(a) Oce the engine tenperature reaches 180 degrees or above, the
fan swtch, located on the left thernostat housing, wll break the circuit to
wre 718A at the fan control val ve.

(b) The fan control valve solenoid will, in turn, open and al |l ow
afull flowof oil tothe fan notor to cool the system

f. Drectional Relief Valve (peration. There are several factors which
determne the function of the directional relief val ve.

(1) FHrst, if the parking brake is set and the transmssion range
selector isin "NRURAL," the directional relief valve wll divert oil back
tothe reservoir. Wth this condition, battery voltage is supplied to the
directional relief valve solenoid through wre 859, which opens the val ve.
Power is supplied to wre 859 as fol | ows:

(a) Wth the ignition swtchinthe "ON' position, (BB No. 8
supplies power to wre 615 which leads to a pressure swtch (PS1) nounted to
the trailer air supply val ve.

(b) Wth the parking brake set, air pressure, which closes the
circuit of the pressure swtch, has been exhausted and power wll flowfrom
wre 615 to wre 736B.

(c) Now at wre 736B, power will goto relay No. 8 and a j unper
torelay No. 7. Power is now provided to wre 859.

(2) If the parking brake is rel eased, voltage is no | onger applied at
the solenoid, and it, in turn, closes. Wth this condition, the directional
relief valve wll provide hydraulic oil to the yaw steering circuit.

(a) Wth the parking brake rel eased, the air system which opens
the circuit of the pressure swtch at the trailer air supply valve, is
pressuri zed.

(b) At this point, power fromwre 736Bis no | onger applied at
the relays. The circuit wll change on the relay. Thus, power, which wll
close the solenoid and divert hydraulic oil to the yawsteering circuit, is
no | onger at wre 859.

(3) If the parking brake is set, but the transmssionis in the
"DR VE' position, yaw steering wll al so be possible. Here' s what happens:

(a) Wre 556 of the transmission neutral safety swtch, |ocated
next to the selector lever of the transmssion, wll have a conpl eted circuit
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and provide power at relay No. 8 This wll, inturn, change the circuit and
break the power at the directional relief valve.

(b) Now, power is no |longer applied at wre 859 and the
directional relief valve wll close. Hydraulic oil wll now be provided to
the yaw steering circuit.

(4) If the directional relief valve solenoid is disconnected fromits
mul ti-connector, then the yaw steering circuit wll always operate, no natter
what position the parking brake or the transmssion range sel ector is in.

4.  CGRGAN ZATI ONAL MALNTENANCE RESPONS BILETTES RELATTVE TO THE K48
H.ECTR CAL SYSTEM

a. Qganizational naintenance (second echel on) personnel are responsi bl e
for inspecting, testing, and replacing the followng itens:

(1) Batteries,

(2) Battery cables,

(3) HSave receptacle or nato connector,

(4) Battery box,

(5 Sarter relay,

(6) Ignition swtch,

(7) Neutral safety swtch,

(8 Aternator,

(9 \Woltage regul at or,

(10) drcuit breakers,

(11) D ode, and

(12) Wring and cabl i ng.

b. The organizational nai ntenance personnel are al so responsi bl e for

adjusting the neutral safety swtch and the voltage regulator. S nce the

neutral safety swtch and the voltage regul ator are adjustabl e, you should
attenpt to adj ust them before condemmi ng t hem
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c. The starter assenbly and starter sol enoid can be repl aced by
organi zati onal nai nt enance upon determnation that they are defective. If
the starter is defective, the starter and solenoid wll be repl aced as an
assenbl y.

d. The voltage regulator wll acconpany the al ternator upon
determnation that the alternator is defective.

5. I NSPECTI NG THE K48 H ECTR CAL SYSTEM FCR SERv CEABI LI TY

a. Batteries

(1) Msually inspect the outside of each battery for obvi ous danage
such as a cracked or broken case or cover, which would allow el ectrolyte
| eakage.

(2) Check the battery termnals for damage. |f obvious physical
damage is found, replace the battery. If possible, determne the cause of
the danmage and correct it.

b. Battery Box. Inspect the battery box for possible corrosion danage
caused by the loss of acid fromthe batteries. Qrroded parts nay be cl eaned
wth water, sone baking soda, and scrubbing wth a stiff brush. 4 eaned
parts shoul d be dried and pai nted i n accordance wth the technical nanual .

c. Battery Gabl es

(1) Examne the cables to be sure they are the correct size. Battery
cables nust carry large starting currents wth a mninuml oss of voltage,
since cranki ng speed i s dependent on the vol tage available at the starting
not or .

(2) Examne the cables to nake certain the insulationis intact and
the termnal and its nuts are not corroded so badly that part of the netal is
eaten anay. FReplace all such unserviceable parts. As the acid eats away at
the termnal s and cabl es, the resistance increases and the vol tage | oss
between the battery and the starter increase. The increase in resistance due
to corrosion also restricts the flowof the charging current to the battery.

This wll cause the battery to gradual | y becone under charged and sul f at ed.

(3) Aean the corroded parts and tighten the cables if necessary.
Qorroded cabl es nmay be cleaned wth water and sone baki ng soda and scrubbi ng
wth a stiff brush. Replace badly corroded cabl es or cables wth defective
termnals. Mke certain the negative cable is naking a good connection where
the cable is grounded, and |ikew se, check the connection of the positive
cable to the starter sol enoi d.
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d. S ave Receptacl e (NATO Gonnect or)

(1) Inspect the slave receptacle for possibl e danage and ensure the
receptacle is securely attached to the battery box. Check for corrosion on
the inner and outer parts of the receptacle's netal shell. These surfaces
nust be clean and free of any lubricants. Check the slave receptacl e cover
for danage and nake sure the cover fits snug on the receptacl e.

(2) Examne the sl ave receptacl e cables to nake certain the
insulationis intact and the termnal and its bolts are not corroded so badly
that part of the netal is eaten anay. dean any corrosion as you woul d on
battery cables. Replace badly corroded cabl es and bolts.

e. drcuit Breakers and D ode

(1) Inspect the circuit breakers for | oose wre connections or
stripped insulation. Check that all circuit breakers are secure.

(2) Inspect the alternator in-line circuit breaker and diode. Check
that they are nounted securely and all wres are clean and snug.

f. Relays

(1) Inspect all relays for proper connections, ensuring they are
grounded properly.

(2) Inspect relays for any discol oration due to overl oads caused by
the el ectromagnet contacting the casing of the rel ay.

g. Milti-Gnnectors

(1) O sconnect themand check for corrosion of the nmating surfaces,
and that all pins are secure.

(2) Check the adhesive material around the connector to ensure that
noi sture cannot enter.

h. Ignition Satch

(1) FArst, check each of the five wres at the back of the swtch.
The wres shoul d be securely fastened to the swtch and there shoul d not be
any corrosion at the connection points.

(2) Next, check to nake certain that the knurled nut that hol ds the
swtchinplace is tight and that the swtch knob is secure.
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(3) Conpl ete the inspection by checking the swtch to nake certain it
functions correctly. The swtch should automatically return to the "QN'
position when it is rel eased after having been in the "START" position.

A'so, you should not be able to engage the starter wthout cycling the swtch
to "CGFF' if the swtch has been in the "START" position since it was | ast
turned of f.

i. Neutral Safety Satch

(1) You should not be able to crank the engine if the transmssion
sel ector lever is in any position other than "NEUIRAL. "

(2) To visually inspect the neutral safety swtch, the access panel
bel ow the sel ector |ever nust be renoved, and the rubber boot on the shift
control nust be noved out of the way.

(a) Wth the boot out of the way, check the neutral safety swtch
nounting capscrew it should be tight. Now check the pl unger.

(b) The swtch plunger shoul d be secured to the shift lever wth
a washer and cotter pin.

(c) If the swtchis properly secured, nove the shift lever to
nake sure the plunger is not binding.

(d) Conplete the inspection of the neutral safety swtch by
novi ng the boot back into its position and then checking the swtch
el ectrical connections. The butt connectors for both el ectrical circuits
shoul d be properly assenbl ed and not corroded.

j. Sarter Relay

(1) The swtch shoul d be securely fastened in place and all wres
attached to the swtch should be free of corrosion and secured tightly to
their respective posts.

(2) The swtch housi ng shoul d show no evi dence of danage.

k. Sarter Assenbly

(1) The starter sol enoid shoul d be securely nounted to the starter
and the starter should be securely nounted to the bell housing. If you have
reason to believe that the starter is |oose, you wll have to renove the
batteries and the battery box to gain access to the starter retaining bolts.
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(2) Once you have determned that the starter and starter sol enoi d
are properly nmounted, check all wring and the ground strap on the starter
assenbly. Each of the wres, cables, and the ground strap shoul d be securely
fastened and free of corrosion and include no bare spots in the insulation.

|. Aternator

(1) Check that the alternator is securely nounted. Torque the
nounting bolts to the specifications outlined in the technical nanual .

(2) Examne the area of the alternator where the voltage regulator is
nounted for cracked or broken insulation. Danmage wll occur to the
insulation if the voltage regul ator capscrews are over tightened.

(3) Examne the alternator/voltage regulator wring to be sure that
all connections are clean and tight. Aso, inspect the wring for stripped
i nsul ati on and exposed (bare) wres.

(4) Ensure that the wring is routed properly and doesn't cone in
contact wth heated or noving parts on the engi ne.

6. TESTING (F THE MK48 H.ECTR CAL SYSTEM COMPONENTS

a. Sarting System As afirst step intesting, you nust deternine that
the batteries have sufficient voltage to crank the engine. You can use one
of two nethods to acconplish that task.

(1) The vehicle technical nanual indicates that you should turn the
ignition swtch on and observe the vol tneter gage on the dash. The mni num
readi ng you can have is 22 volts.

(2) You can check the batteries wth either a miltineter or STHICE
Battery tests wll be covered later in this | esson.

(3) Ignition swtch

(a) Presuming that the batteries are fully charged, we wll
commence testing the ignition swtch. Wth the voltneter conditioned for
voltage testing on a 24-volt systemand the ignition swtch "G " connect
the negative miltineter |ead to ground and the positive |ead to the ternm nal
narked "BATT' on the ignition swtch. Note the readi ng obtai ned; you shoul d
read battery voltage. If no voltage is present, trace out wre 431 to | ocate
the problem You nust have voltage on the termnal narked "BATT' before you
can conti nue.
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(b) Now nove the ignition swtch to the "ON' position. Ve are
still looking for voltage so nmake sure the nultineter is conditioned
accordingly. Qonnect the negative multineter |ead to ground and t he positive
lead to either the termnal narked "ACC' or "IGN" |If battery voltage is not
present on either termnal or just one termnal, the swtch is defective.

(c) The next portion of the test is to be conducted wth the
ignition swtch in the "START" position.

1 Qoviously, if the systemwere functioning nornally, the
engine woul d start wth the swtch in the "START' position. Snce thereis
no requirenent to periodically test theignition swtch, we wll presune that
the engine wll not crank. However, each tine you place the swtch in the
"START" position, hold the engine "STQP' swtch down so that the engine wll
not start, even if it does crank.

2 (onnect the negative neter |ead to ground and the positive
lead to the termnal narked "ST." Again, you are looking for battery
voltage. If battery voltage is not available, the ignition swtchis
def ecti ve.

(4) Neutral safety swtch. To test the neutral safety swtch, you
nust gain access to it by renoving an access panel. It is |ocated bel owthe
transmssion range sel ector. The ignition swtch nust be held in the " START"
position when performng these tests.

(a) Hrst, test for battery voltage at wre 436 at the neutral
safety swtch. |If voltage is not present and was present at the ignition
swtch, repair or replace wre 436.

(b) To test the swtch, connect the negative multineter lead to
ground and insert the positive neter |ead into the connection between the
green wre comng fromthe neutral safety swtch and wre 021. |f the
ignition swtchis in the "START' position and the transmssion shift |ever
isin the "NEUTRAL" position, you should read battery vol t age.

(c) If battery voltage is not obtained, the swtch nust be
adjusted or replaced. Adjustnent and repl acenent procedures w il be covered
later in this |esson.

(5) Sarter relay swtch. The starter relay swtch is the next
conponent that we wll test. Initially, we wll be |ooking for battery
voltage, so you wll need to nake sure that the neter is set up for direct
current vol tage testing.
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(a) Renenber, we are working on the assunption that we have a "no
crank" condition. Turn the ignition swtch to "START" and probe for battery
voltage at wre 021; that is the termnal at about 11 o' clock if you are
| ooking at the starter relay fromthe front. Don't forget to observe
polarity; place the negative lead to ground and the positive lead to wre 021
termnal. |f you do not read battery voltage, trace wre 021 to |locate the
pr obl em

(b) Next, condition the multineter for continuity testing and
check for continuity between the termnal for wre 196 and ground. As you
can see on the chart, wre 196 termnals are at eight o' clock on the sol enoi d
when viewed fromthe front. If continuity does not exist, wre 196 nust be
repai red or repl aced.

(c) Again set the mnultineter up for voltage testing.

1 Renenbering that wre 430 feeds the ignition swtch
through wre 431 at circuit breaker No. 5, you should al so renenber that wre
046 that is attached to the top (12 o' clock) of the starter relay feeds wre
430. Therefore, if you had battery voltage when you checked for it at the
"BATT" termnal on the ignition swtch, you knowthat wre 046 that attaches
to the solenoid is serviceable. Wre 046 should al ways be "HOI," as we
| earned earlier.

2 Now you are ready to conplete the testing of the starter
relay swtch. Wth the nultineter conditioned for voltage testing, check
wre 045 (6 o' clock) for battery voltage. Wth the ignition swtchin the
"START" position, wre 045 shoul d have battery voltage. Cbserve polarity
when testing for vol tage.

(6) Sarter assenbly. Testing the starter assenbly is not a
difficult procedure; keep in mnd that at this point you al ready know a | ot
about the condition of the starter assenbly circuitry.

(a) For exanpl e, you know that you have battery voltage at wre
046. If that is so, you nust have battery voltage at the starter sol enoi d
end of cable 139. Renenber, these cables are al ways "HOI."

(b) Now check for battery voltage at the starter sol enoid end of
wre 045. If theignition swtchis in the "START" position, you shoul d read
battery voltage. |If battery voltage is not available at the sol enoid end of
wre 045 and it was available on the wre at the starter relay swtch end,
check wre 045 for continuity. If you do not read continuity, repair or
repl ace the wre.
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(c) If the starter assenbly has passed the previous tw tests,
you shoul d test for battery voltage at the junper plate termnal. You wll
notice that there is arigid netal strap between the starter frane and the
solenoid. Wth the ignition swtch inthe start position, battery voltage
shoul d be available at the junper plate termnal on the starter solenoid. |f
voltage is not available, check the ground strap, wre 148, for continuity.
Repair or replace wre 148 if continuity is not found. |If voltage is still
not availabl e after checking the ground strap, replace the starter sol enoid.

(d) AA this point, you have gone as far as you can go in the
diagnosis of the nal function "ENGNE FAILS TORANK " |f you have battery
vol tage up to the sol enoid and the groundi ng strap between the starter and
the starter solenoid has continuity, replace the starter assenbly to correct
the nal functi on.

b. Battery/ Charging System

(1) BEvaluate the charging systemusing the vehicle instrunent panel
vol tneter.

(a) Nornal operating voltage for the vehicle is between 27.8 to
29.1 volts dc. An overcharge condition may exist if the voltneter
continuously reads above the safe limt of 29.1 volts dc. However, the
voltneter nay read above nornal if having the accessories on wthout the
engi ne runni ng has depl eted the battery voltage. An overcharge condition can
be caused froman inproperly adjusted or defective voltage regulator or from
internal battery probl ens.

(b) An undercharged condition exists when the vol t net er
continuously reads |ower than the nornal output of 27.8 volts dc. An
under charged condi ti on can be caused fromcorroded, |oose or broken battery
cables, inproperly adjusted or defective regulator, | oose wre connections at
the alternator, or a nal functioning alternator.

(2) Testing the alternator. Before beginning the test, ensure that
the batteries are fully charged and that all connections are clean and tight.

(a) Test No. 1. During this test, we wll presune that the
ignitionis operating properly. Now wth the ignition swtch "QN" use a
mul tineter to check for battery voltage (around 24 volts) at the ignition
termnal (1GY on the voltage regulator. If voltage is not present, then you
nust check the wring circuit fromthe alternator to the ignition swtch. By
review ng our schenatics, we can route and isol ate the probl em

(b) Test No. 2. Now turnthe ignition swtch and the
accessories "(GFF' and use a multineter to check for battery voltage on the
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positive and negative output termnals on the back of the alternator. Record
the voltneter reading. If you do not get a voltage reading, check the wring
circuit fromthe alternator to the batteries. Renenber, the di ode and
circuit breaker No. 14 are in line between the batteries and the alternator.

(c) Test No. 3. Bypass voltage regul ator as fol |l ows:
1 Frst, disconnect the negative battery cabl e.

2 Next, renove four capscrews and the rear cover plate from
the alternator's brush hol der.

3 Wth the rear cover plate renoved, insert a paper clip or
snall wre into the brush hol der access hol e.

4 Now connect a junper |ead fromthe paper clip to the
negative output termnal of the alternator.

5 Wth the junper wre in place, connect the voltneter to
the positive and negative output termnals of the alternator, and connect the
negative battery cabl e.

6 Turn off all electrical accessories and start the engine,
and run it at 1200- 1500 rpm

7 Now record the voltneter reading and shut down the
engine. If the voltage reading is lower or the sane as in Test No. 2, the
alternator nust be replaced. If the voltage reading is higher, check the
vol tage output, Test No. 4.

(d) Test No. 4. Renove the junper |ead fromthe negative out put
termnal and the paper clip. Renove the paper clip fromthe brush hol der.
Sart the engine and run the engine at 1200- 1500 rpm Check the out put
voltage. If the voltage reading is |ower than 27.8 volts or higher than 29.1
volts, adjust or replace the vol tage regul ator.

(3) Individual battery test
(a) Check the specific gravity wth an AQ DJO Check.

(b) If available, use STHICE to performa battery resi stance
test. This test wll be explained to you during the STH | CE | esson.

(c) Test each battery wth a multineter to determne if it has
sufficient voltage.
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7. REPLACEMENT GF THE Mk48 H.ECTR CAL SYSTEM GOMPONENTS

a. Replacenent of the Neutral Safety Saitch

(1) Renoval procedures
(a) HArst, disconnect the vehicle batteries.

(b) Next, wth the batteries di sconnected, renove the access
panel next to the shift control and the skid plate grill for accessibility.

(c) Now renove all nylon ties and the electrical tape hol di ng
the wres to the shift cable.

(d) Tag and di sconnect the three wres fromthe shift control .

(e) After the wres are disconnected, renove the capscrews that
hol d the boot in place and slide the rubber boot down and back out of the way.

(f) Nowrenove the cotter pin and washer fromthe neutral swtch.
DO scard the cotter pin.

(g) The next step is to renove the hardware that is used to
attach the neutral safety swtch to the shift | ever bracket and renove the
neutral safety swtch.

(2) Installation and adj ust nent procedures

(a) If the swtch you are going to install is a newone, you w |
have to attach nal e butt connectors to the white, green, and blue wres on
the swtch. You wll also have to cut the black and red wres back to wthin
one inch of the neutral safety swtch. The black and red wres are not used
inthis installation.

(b) Position the neutral safety swtch on the shift |ever bracket
and install the capscrew spacer, and washer, and then install the nut,
finger tight.

(c) Next, install the plunger of the neutral safety swtch onto
the shift lever. It wll fit into either of two holes. Wse the forward
hol e. Secure the plunger wth a washer and a new cotter pin.

(d) Nowthe swtch nust be adjusted; you wll need a mul tineter
and it nust be conditioned for continuity testing.

1 Frst, place the transmssion shift |ever in neutral.
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2 Next, connect the multineter |eads to the white and green
wres on the neutral safety swtch. Polarity is of no concern during this
procedure. Mve the neutral safety swtch back and forth until you find a
position where the nmul tineter indicates zero ohns. Vdérking carefully so as
not to nove the swtch, tighten the capscrew securely. Recheck to nake
certain the nultineter still indicates zero ohns after the neutral safety
swtch is secured in pl ace.

(e) Nowslide the boot up over the wres and secure it in place
wth four capscrews and washers.

(f) Al that remains to be acconplished is to plug the wres
into the connectors and wap themwth el ectrical tape. Do not forget to
install the access cover and skid plate grill.

b. Replacenent of the \Voltage Regul at or

(1) Renoval procedures
(a) Hrst, disconnect the battery cabl es.

(b) Next, renove the nut and washer retaining the ignition wre
| eads to the back of the voltage regulator. Renove the ignition |ead.

(c) Wth theignition | ead wre renoved, renove the four
capscrews and | ock washers hol ding the voltage regulator to the alternator.
D scard all | ock washers.

(d) Now lift the regulator fromthe brush housi ng and di scard
its gasket.

(2) Adjustnent procedures. Before replacing the alternator, you
woul d first attenpt to correct the problemby adjusting the regul ator.

(a) Turn the voltage regul ator over to expose the voltage
adjusting screw You may encounter one of two different types of voltage
regul ators found nounted on the alternator.

1 One type of voltage regul ator has an adj usting screw t hat
can be renoved and pl aced in one of three desired ranges; |ow (26.9-27.5
volts), mddle (27.8-28.2 volts), or high (28.5-29.1 volts), to obtain the
desired alternator voltage output of 27.8 to 29.1 volts.

2 Another type of voltage regul ator that you nay encounter
w | have an adjusting screwthat can be turned fromlowto high to obtain
the desired vol tage output of the alternator.
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(3) Installation procedures

(a) Once the desired voltage range is sel ected, a new vol t age
regul ator gasket should be installed on the alternator.

(b) The voltage regul ator contact pins nust be aligned wth the
connector hol es in the brush hol der housing and the regul ator pressed into
pl ace on the housing. The four retai ning | ock washers and capscrews can now
be installed and torqued to the specifications outlined in the technical
nanual .

(c) The ignition wre |l ead can be connected to the "IGN' termnal
and the retai ning washer and nut installed, and the nut securely tightened.

(d) Now the battery cabl es shoul d be connected and the
alternator checked for proper voltage out put.

c. FReplacenent of the Aternator

(1) Renoval procedures

(a) FHrst, disconnect the battery cabl es before performng the
repairs.

(b) Next, renove the air inlet tube fromthe netal tube back to
t he turbochar ger.

(c) Now renove the exhaust crossover tube.

(d) Tag the negative wres and renove the nut and | ock washer
hol ding the wres to the negative termnal on the back of the alternator.
Renove the wre lead and reinstall the nut on the negative termnal, finger
tight.

(e) Tag the positive wres and renoves the nut and | ock washer
hol ding the wres to the positive termnal on the back of the alternator.
Renove the wre lead and reinstall the nut on the positive termnal, finger
tight.

(f) Tag the ignition wre and renove the nut and washer hol di ng
the wre totheignition (1GYy termnal of the voltage regulator. Renove the
wre lead and reinstall the nut on the ignition termnal, finger tight.

(g) Next, renove the three alternator nounting capscrews, |ock
washers, and pl ai n washers.
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(h) Now pull out the alternator, its drive coupling, and
nount i ng gasket, and di scard the gasket.

(2) Installation procedures
(a) Toinstall the newalternator, first place a new gasket and
the drive coupling on the alternator and position the alternator on to the
adapt er .
(b) Now install three plain washers, |ock washers, and nounting
capscrews. Torque the capscrews to specifications described in your
techni cal nanual .

(c) Gonnect the ignition wre lead to the "IGN' termnal. Secure
the wre wth a | ock washer and nut.

(d) Gonnect the positive wre |eads to the positive termnal.
Secure the wres wth a | ock washer and nut.

(e) Gonnect the negative wre |eads to the negative termnal .
Secure the wres wth a | ock washer and nut .

(f) Install the exhaust crossover tube.

(g) Install the air inlet tubing to the turbocharger and netal
duct i ng.

(h) Now connect the battery cabl es and check the alternator for
proper operation.

REEENE

TMVR320- 20/ 12A

[11-24



