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STARTING SYSTEM

STARTER MOTOR
1. COMPONENTS

Ine starter consists of

‘-:‘:I 2 Ix § {1 T

e

rotation increases.

a solenold switch and a motor. The power generated at the motor is transmitted to

issembly through the idle gear. The rotation speed is reduced in accordance with the gear ratio
between the drive gear provided at the motor and the clutch gear. On the other hand, the torque of the

2.2 kW

*
A

: Non-reusable parts
: Asbestos parts




STARTING SYSTEM

3. TROUBLE SHOOTING

Problem Possible cause ‘ Remedies
Engine will nat crank Battery not lJiT__ o - ‘- 5 m_
| Battery cables loose, corroded or worn
| Starter relay faulty
Fusible link blown \ Replace fusible link
| Starter faulty Repair starter
‘ Ignition switch faulty Replace ignition switch
| ‘Clutch switch faulty Replace clutch switch
Engine cranks slowly B Battery not \m E Check specific gravit y electrolyt
Charge or replace
Battery cables lcose, corroded or worn
Starter faulty
Starter '*Z:e?.—n_;'-; running s Starter Lm” / - Repair starter B |
Ignition switch faulty Replace ignition switch
Short in wiring | Repair or replace wiring.
spins E!?g_pf“w_"" will -"--':cu': gear teeth broken Effaulty starter | Repair starter
‘ Replace flywheel
WHESH U5

4. DESCRIPTION

Principles of operation & starting system circuit

The starter operations can be divided into two stages.

When the ignition switch is set to the start (ST) position, current from the battery flows to the motor through
the solenoid. Then, the motor begins to rotate. Simultaneously, the solenoid pushes the shift fork forward,
thereby moving the motor pinion gear forward into mesh with the ring gear.

When the pinion gear has shifted into a complete mesh with the ring gear, the solenoid contact
d. The current from !I.e battery now directly goes to the motor, thus supplying high power enough for
qu the engine. In this way, the starter motor begins cranking the engine.

Ihe solenoid is composed of two coils. One is a low-resistance coil which moves the shift fork. The other
a high- resistance coil which retains the solenoid at the “start” pos Jlion
stance coll i1s connected to the battery ground th IOU(:]h the motor brush (and armature coil) and

field coil. The high-resistance co .I is directly grounded to the nlmcud cas

%)

Ihe low-re:

le,

WRED!-STD0¢

During the engine cranking, Hm :,c.. >noid is

r[,

nergized at the
high-resistance coil alone. Since the low-resistance coil has the 1 |
same potential at its both ends, no current flows. Consequently,
the solenoid is retained at the “start” position by means of the
'H"‘h resistance coil only. The right figure shows an equivalent

circuit of the system
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STARTING SYSTEM

During rting period ‘1
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NOTE:

* In fact, at this moment, the g
series through the low-resistance coil and the high-resistance coil. Consequently (
function continues and drawing forces are generated. However, the electromagnetic forces generated
at the low-resistance and high-resistance coils counteract, for the winding direction of the coil is Iy
opposite to each other. As a result, no drawing force is produced. ‘

* On the other hand, when the ignition switch is set to the ON (ST/ON) position, a parallel circuit is
formed. The electromagnetic forces generated at both coils are in the same direction, resulting in an
increased drawing force 7

« Namely, the direction o

f the current at the low-resistance coil changes reversely when the ignition
switch is switched between the ON and OFF st his explanation applies only to the instance

when the ignition switch is changed from the ST position to the |G position.)

.t
.
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STARTING SYSTEM

2. SERVICING INSTRUCTIONS OF STARTER
) When connecting the starter terminal or battery termins

Xiren aangert

Nhen installing the starter
Ising positively :
N 1eC Yo R {

[ I {UTlE Ol

6. IN-VEHICLE INSPECTION

Flace the shift lever to the neutral position APplY The park-




STARTING SYSTEM

(2) Jack up the vehicle and support it with safety stands.

the starter terminals ST and B from the starter
starter motor from the clutch housing.

(3) Disconnect

(4) Remove the

8. UNIT CHECK OF STARTER MOTOR

ASSEMBLY

CAUTION:

¢ Each of the following tests must be performed within
three to five seconds. If you fail to observe this caution
and the starter is energized for more than this duration,
the coil may be burnt out.

(1) Pull-in Test
@ Disconnect the lead wire from the magnetic switch ter-

minal.,

@ Connect the negative () terminal of the battery to the

starter body and magnetic switch terminal.
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STARTING SYSTEM

3 U e terminal
i na re 11 AT 1 A
il ( LYY R
If the drive e ce the mag |
Wl
y

periormed 1ollowing ine same

test, disconnect the nege

switch terminal. Ensure that the

H
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MITCH
W
ctio
FAY I; '-:,7.
r fLire ¢t the ground
$ 5y [ -

terminal of the starter body. Ensure that the drive pinion is
drawn into the drive housing.

Il the drive pinion fails to be drawn into the drive housing
replace the clutch assembly and
NOTE

= Connect the lead wire to the magnetic switch terminal
after inspection is carried out.

y and return spring.

m

l';w load erformance “act

Connect the batlery and an

in the right figure. Ensure th

(4}

with the pinion moving out.

Measure the current the starter is drawing:
Specified Current: Less than 120A at 11.5V
(2.2 kW)
Less than 170A at 11.5V
(2.5 kW)

NOTE:
e Prior to the test, be sure to connect the lead wire to the
magnetic switch.

o7
o=




STARTING SYSTEM

9. DISASSEMBLY :
(1) Disconnect the lead wire from the magnetic switch.
(2) Remove the field frame logether with the armature by
removing the two through bolts
2.2 kW type
K |
(3) Removal of starter housing, clutch assembly and gears
(2.2 kW type) =
(D Remove the two screws i P
] = ‘
"‘J = 2
=N
2
)l
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STARTING SYSTEM

@ Take out the clutch assembly, steel ball and return
spring from the drive housing.

(2.5 kKW type)
(1) Remove the three screws.

@ Take out the clutch assembly, steel ball and return

spring from the drive housing.

(4) Removal of brush holder
(2.2 kW type)
Remove the brush from the brush holder by means of nose
pliers or a screwdriver.
NOTE:
« Care must be exercised not to damage the brushes
during the removal.

sy
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STARTING SYSTEM

(2.5 kW type) *\‘F

1) Remove the commutator ena frame '[\f,/ removing the two

yrush holder by means of

nose pliers or a screwd
NOTE:

« Care must be exercised not to damage the brushes
during the removal.

10. INSPECTION [ ]

!
10-1 Check of armature ‘ A paans
[ . " Ry

740
||y

-

ey
QL
1

!
inspection without removing the armature from the : (
starter yoke. 7 7

/ |

o 11,"\
NOTE: ESAS l
¢« In the case of the 2.2 kW type starter, perform the P

heck of armature insulatior \ AL l

isure that no continuity exists bet

2.5 kW type /1 |

ST-12




STARTING SYSTEM

(2) Check of commutator continuity

\V

Check continuity between each adjacent segment of the
commutator, using an ohmmeter

If no continuity e

ists between any adjacent segments,
replace the armature.

10-2 Check of commutator
NOTE:
* In the case of the 2.2 kW type starter, perform the
inspection without removing the armature from the
starter yoke.

(1) Check each contact surface of the commutator segments
with the brushes for burning.
It the surfaces are dirty or burnt, correct the commutator
surfaces, using abrasive paper (No. 400) or a lathe

(£) Check of commutator for circle runout
Support the armature on a Vee block
‘ Check the commutator for circle runout, using a dial gauge
Circle Runout Limit: 0.05 mm (0.002 inch)

If the circle runout exceeds the allowable limit, turn down

the commutator on a lathe.

ST-13
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STARTING SYSTEM

ullal o nafor or v/ T
micrometer Vel

Standard Diameter: 35 mm (
36 mm (
(
(

Minimum Diameter: 34 mm
35 mm

If the commutator diamets is less than the minimum

diameter, repliace the armature.

Check ol commutator undercut Groove reauiring corre

Measure the depth of the insulator properly i¢
T

:OMMmutator ‘-;{,'I\:_]['[it_ﬂif_’}._ “‘\,~ \ -
Standard Depth: 0.7 - 0.9 mm
Minimum Depth: 0.2 mm

If the depth of the insulato

1T ranlace the commui

t value,

10-3 Check of field coil
NOTE:
e |n the case of the 2.2 kW type starter, perform the
inspection without removing the armature from the o
starter yoke.

o

(1) Field coll continuity test /
rrform field coil continuity test at a point between the lead f

wire and the brush, using an ochmmet

1T No conlinuity &




STARTING SYSTEM

] 1or [

f flield coll short test , INt Detwe .
and the yoke proper, using an chmmeter
I Ity exisis, replace the yoke.

10-4 Check of brushes
Measurement of brush length

Measure the brush ength, using vernier calipers.

Standard Length: 16 mm (2.2 kW)
20.5 mm (2.5 kW)

Minimum Length: 10.0 mm (2.2 kW)
18.3 mm (2.5 kW)

It the length is less than the minimum reguirement, replace the
brush holder or the voke, as required

10-5 Check of brush holder

Neck of brush holder for insulation

‘ Ensure that there is no continuity between the positive (+) anc

negative (-) brush holders.

[f continuity exists, replace brush holder

10-6 Removal/installation of armature (2.2 kW type)
from starter yoke (If necessary)
(1) Hemova

[he armature can be remo

bearing puller in combination with the following SST, as

he Tigl jre

09912-87501

[ | / \

| 2.2 kW type ]

s of an armature




STARTING SYSTEM

(2) Install the armature, using a press in combination with a
suitable steel pipe.

10-7 Inspection of clutch

(1) Inspection of pinion gear and spline teeth
Check the teeth of the pinion gear and spline for wear or
damage.
If the teeth exhibit any damage, replace the clutch. Also,
inspect the flywheel ring gear for wear or damage.

(2) Check of bearing
Lightly turn the bearing hand. Ensure that the bearing turns
smoothly

(3) Check of starter cluich
While holding the clutch, turn the pinion clockwise. Ensure
that the pinion turns smoothly
Turn the pinion counterclockwise. Ensure that the pinion is
locked.
If the check results are unsatisfactory, replace the starter
clutch.

10-8 Inspection of bearings

(1) Inspection of bearings
Turn the bearing while applying force to it by your hand.
Ensure that the bearing turns smoothly. If the bearing fails
to turn smoothly, replace the bearing

ST-16
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STARTING SYSTEM

‘ (2) i%z,par’m‘ﬂou[ of bearings (Only when bearing is faulty.
(O Remove the bearing, using an armature bearin g -.)U”\.u
NOTE:

* In the case of 2.2 kW type, remove the bearing after
removing the armature from the starter yoke.
Refer to page ST-15.

@ Press the bearing into the armature shaft, using a press
In conjunction with the suitable tool.

10-9 Check of magnetic switch

(1) Pull-in coil tes
Using an ohmmeter, ensure that continuity exists between
the terminal ST of the starter and the terminal C.
It no continuity exists, replace the magnetic switch.

(2) Hold-in coil test
Ensure that continuity exists between the terminal ST of the
‘ magnetic switch and the switch body
If no con 1. wity exists, replace the magnetic switch

10-10 lnspection of gears

1) Inspect the starter drive gear (cold area specifications) and
starter idle gear for damage or wear.
Replace the gear which exhibits damage or wear.




STARTING SYSTEM

11. ASSEMBLY | -
NOTE:
« Use high-temperature grease fo lubricate the bearings
and gears when assembling the starter.

(1) Installation of brush holder
(2.2 kW type)

istall the brush to the brush holder, using nose pliers or a B g |

ewdrivel

' |
NOTE:
« Align the protrusion of the brush holder with the cut-out _ _
section of the field frame.
(2.5 kW type)
D Install the brush to the brush holder, using nose pliers |
rewdariver
2) Install the commutator end frame
|
=0
D .
G-\ .
W ¢ |
|
stall the return spring in the starter switch assembly

wn
—
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e etarter Noveino
e Slalle 10Using

N 1dle ¢ I
2) |dle geal

@) Pinion gear (2.2 kW)

2.2 kW type

2.5 kW type

) / emoly of starter nousing ana magnetic switct

(2.2 KW type) |

) s 1 " i gl LY ,—;“'\
‘ 1) Install the two screws. y Pl N




STARTING SYSTEM

(2.5 kW type)

(U Install the three screws

(6) Assemble the starter housing and field frame with the

two through bao

S Interposed.

(7) Connect a lead wire to the magnet switch
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» STARTER RELAY




STARTING SYSTEM

PRE-HEATING SYSTEM
1. SYSTEM OUTLINE

The pre-heating system of Type DL engine comes in two kinds: the fixed delay type system and the variable

delay type system

The fixed delay type pre-heating system, employed on some of Type DL-42 engine, consists of glow plugs,
glow plug connectors, a glow plug relay and a pre-heating timer

The variable delay type pre-heating system, employed on some of Type DL-42 engine and on Type DL-52
engine, consists of glow plugs, glow plug connectors, a current sensor, a glow plug relay, a water tempera-
lure sensor and a pre-heating timer.

The variable delay type pre-heating system detects the engine conditions by means of the water temperature

sensor and current sensor and varies the pre-heating time
2. SYSTEM CIRCUIT
Fixed Delay Type
> ok sl ofa
= ’—‘_“1 O ﬂ\—-L |
e Pre ‘L /’ Glow
heating / |Pug
timer ‘ relay
Glow plug
Q =
Glow indicator lamp
WF STo80




STARTING SYSTEM

‘ Variable Delay Type. (QSI)

!
@ Glow indicator lamp

ra

neating

Engine
- ground

WRES|-STDA1

3. TROUBLE SHOOTING

‘ Probrem | Possible cause Remadies

— — — _— " ——— e —

Engine will not Glow plug faulty | Replace glow plug
slart/Hard to start

Glow plug current sensor faulty Replace glow plug current sensor
Variable Delay Type

motor is normal) . .
Glow plug relay faulty Replace glow plug relay

Pre-heating timer faulty Replace pre-heating timer.

‘ Water temperature sensor faulty Replace water temperature sensor

| Faulty wiring ‘ Repair, as required.
RESY-S 2
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4. DIESEL ELECTRICAL SYSTEM DIAGNOSIS (Variable Delay Type)
ltems to Which Special Attention Must Be Paid

i ~ LIIE N eac ne 1€ rmedc | 10 | [
i ‘ U Iremet 5
! I i 1 WIN
[he checl 1st be performed within 10 seconds after the ":“"".'Z."'-r{i switch is turned ON. If the time
| jould b 2 urning OFF/ON the engine switch

™ (PRE-HEATING) I
6 —~ 4+— |TIMER —+ 1 Termi
e
I

=]

! = —




STARTING SYSTEM

‘. (1) Checking of glow plug indicator light
Ensure that the indicator lamp glows for 1 to 5 seconds.
| OK
Checking of glow plug voltage
(See page ST-26)

]\ GLOW

When light will not glow

v ; o - —

Checking of timer power supply circuit at

\
e ot ( OV
g timer with NO \/JHr‘LJL remains at about OV.

nd repair wiring of power supply circuit up

ferminal 6 of Pre-heati
voltmeter

[ About 12V

' ' | ok

| - —= L] — 1 . - L
Check f timer earth circuit at ter val v a2 i
e NOTSAIIN-GITCUL &L 1IN NO g other than OV
timer with \.-—,—Hr"h 7 - N o R e
| NG repalr earin circult
\
: — S=—1 = .
e by N/
Checking of lamp circuit at terminal 7 of about 12V
pre-heating timer with voltmeter NO q timer
Voltage rises from about 2V to about
12V within 5 sec, - Check and repair light, blown fuse or wire

WHES1-57085

@ When light glow for 1 second (cooling water temperature is below 40°C) or, regardless of water temperature, when
=1 light remains illuminated for 6 seconds
. —_— . = - = p—
. Checking of water temperature sensor NO 1. Voltage remains at about 7V
sircuit at | il 1 of pre-heating timer e + 2. Voltage remains at OV
Ahcu' >‘J wr.w". waler temperature is 20°C - Check wire up to water temperature sensor and
— water temperature sensor to earth. Then,

check or replace sensor

NOTE: Water Temperature Sensor
Specified Resistance: 2.4 £ 0.24 kQ2 at 2
0.322 + 0.0322 ksz at 80°C
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(2) Checking of glow pl

tiat viilae val les

ug voltage
varies repeated

10Y ¢

econdas owing 10 water e

When voltage is OV

irrent sensor : NO

Specified Resistance: 10 mQ [

Jhecking of timer power supply NO
t oAt te e ¢

timer with vol

About 12V

OK

OK

ST-26

aartl rcutt at NO 1eading other than OV
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.. PR NO
(=10, T r e IS & and 30 i o
£ | me d
Voltage cf jes repeatedly between about 10V and 0V |
| 3
|
OK |
i £
€2 ‘
OK
E ; g
> M v
(Checking of relay)
L ] relay irth circu I eter -at NO
JI, ug L T * aarth circuit
alow L

'
i w plug relay input i o NO 1
VS CONNEeCLor B .-‘ L O pr 1ea %] €
lage cl » between about 11V and QV .
Irs repeatedly
| { ne¢

OK




STARTING SYSTEM

] : I NO 3 [ r repair | D
lﬂi!“':ll_-“ 12V
OK | ‘ I
J[ ‘ |
|
. S Ve |
‘ - A

v
] of glow 1g relay out 1ge (€ NO
Voltage change between about 10V and 0V _ up to alow pl

occurs repeatedly » Replace relay

l‘Jpé"-._‘\'il::(! Resistance: 0.1 Q
OK NO

-

: NO

KINg Q' glow plug relay circuit at te na | » Replace fimer
| NG timer
vollage change between about

occurs repeatedly

OK

v
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[2]| When voltage remains at 12V

NO

| Checking of glow plug relay circuit at terminal 2 of
z,fﬂ---la(':.:h'!{,; timer
Voltage changes repeatedly between about 11V
and OV. ‘

[ I =
|
—— y R — — S—
‘ ' NO
Lhecking of current sensor

Specified Resistance: 10 mQ

OK

g 20
O

ck and repair v

place glow plug

vire up to battery.

} relay

— —'i Replace current se

j&

JE remains g
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cuit at terminals 3

and 9 of pre-heating tin with voitmeter NO

Voltage change repeatedly between about 10V
and OV.

OK

, S —

‘ NO
g of glow plug internal res nce i
Specified Resistance: 0.1 Q ‘

(d%]

o

D =

and repair wire (including
connectlors) up to current sensor
-«
3, 9 remain at

ors disconne
ntinuity check
3 (0 ohm) be

timer si

=

shorted

Repair shorted wire




