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MAINTENANCE STANDARDS

Unit: mm {in.)

; Nominal Assembly standard | Repair limit | Service limit
Group Part or item dimension |Standard clearance] | [Clearance] | [Clearance] Remedy Remarks
Maximum rpm (no-load) 2640, max. Adjust governor.
Minimum rpm (no-load) G630 ~ 700
20 kgjem® .
" _ : il t: f
Compression pressure (284.4 psi), min. 16 kglem® (227.5 psl) i f;'o‘:;‘f;;‘i“:;?nm’
{at 150~ 2001pm)
3 ~4 kgfom®
(43 ~57 psi) 2 kgfem® (28.4 psi)
: {at 1500 rpm) Ol temperature:
g Engine ol pressure LD kgiom? 70°C (158°F)
5 (14.2 psi) min. 0.5 kgfem® (7.1 psi)
Q (at idle speod)
Opens| 307 BTDC
Intake valves S
Valve Closes 50° ABDC $3°
timing Opens|  74° BBDC
Exhaust valves -
Closes N ATDC
ey i 25"+ 1
Beginning of injection (Craak angle)
Four sleeves should be finished
~ +.20
LD, 94 (3.701) (:0%:?: ~g} (+0.008) 1,20 (0.047) | Hone sleove to 0.25 to the same oversize, Hone
falsE 2 (0L.0098) or 0.50 (0.0197) | eylinder bore to
) oversize with preseribed -0.010 —0.00039
ggv‘:e' Out-of-roundness tolerance. » ~0.045 {2558 -0.00!7‘?]
Owersize pistons and piston| and heat the crankcase.
0.015 (0.00086), max. rings should be used, Press sleeves into crankease
£ Taper ¢ and machine each steeve 1D,
a ' to sesembly standard,
o
£ Pistons, protrusion above 035~ 0,75 . _
E crankease gasketed surface (0.0138 ~0.0295) Chieck bossing Clearsns.
P (1) Ring side clearance g
= F . 0.04 ~0.08 0.20 ]
"E Mo. I compression ring '[0.001 I D.U‘DBI)I [m.om';)' Measure side pe
g clearance with g
o L 2.0 (0.079) Use pistons by replacing | ring kept fush e
E‘ 3 No. 2 compreadon i piston rirgs up 10 Se1vICe | with second
& a ) - limit, Replace pistonswhen| .04
] [ 0.025 ~0.060 | I 015 | service limit is reached,
38 (0.0010 ~0.0024) (0.0059)
Ol ring 4.0 (0.157) (2) Replace oil

Ting together with expander.,
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Unit: mm (in.)

Nominal Assembly standard Repair limit | Service limit
Group Part or item dimension [Standard clearance] | [Clearance] | [Clearance] Remedy Remarks
s Ko. 1 compression ring
‘E Mo. 2 compression ring ( 0.30 ~0,50 ] I 1.5 I When oil ring is compressed
g - (0.0118 ~0,0197) (0.059) to 94 (3.701).
& & | Ol ring
— 0~0.016 0.05 | Use pistons by replacing
E. Clearanoe in pistons 28 (1.102) [{0 "-'O.UWG'J} ‘(0.902) Ei:][‘on pin, up to repair
e it,
]
%2 | Clearance in connecting | 0.020 ~0.051 1 [ 0.08 | Replace pistons or bush-
P rodl bushings (0.0008 ~0.0020) (0.003) ings. (Ream if necessary.)
Pistons, variance in weight per + .
o +3g(£0.1 02)
Vax_i.mue in weight per %55 (£0.18 02)
ENgine
z Clearance on crankpin 0.D, :i’:;;’:‘lcm%l "::’::ym
d | g |(ieeoaboidig L) G 0.035 ~0,100 0.20 repair limit. Regrind Chjp it g fogdaibie: Wih
o 8 | two directions at right 58 (2.283) | ] i 1 y marks on cap and rod on
€ (0.0014 ~0.0039) (0.008) crank pins and use under-
] & | angles to each other with 2 : the same side.
2 T | beating in place) size bearings when repair
E H limit Is reached.
c e
‘B 3 0.15 ~0.35 0.50 Replace connecting
= i plick 401,575 L0006 ~0.014)! fo.020)! | sods or bearings.
q . 015
Benl and twist .05 (0.002) (0,006}
Center-lo-cenler dimens
sion between journals and 47 (1.850) "+ 0.05 (£0.002)
erankpins
Parallelism between crank- 0.01 (0.0004), max
& | pinsand journals a5 yunout
Qut-ofroundmess of crank-
pinz and journals Variance in dia.: 0.03 (0.0012)
Taper of crankpins and 0.01 (0.0004), max ' i
journals
Fillet radius 3 (0.12) 0.2 (0.008)
Variznce in crankpin angles +720'
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crank-
shaft

Runout (measured with st
and 41h journals held in
V" blocks

0.02 (0.,0008), max

0.03 0.0070)

Strakghten o replace
crankshalt,

Clearance on ¢rankshaft

Replace bearings unless
repalr limit is reached,

b journal Reprinderankshaltjournal
5 | (in o dirscions atrght 0.05 ~0.115 020 | | 49 =03 and use undersize bearings | Replace crankcase and
= £ | angles to each other with 75 (2.953) '{D.DDID n—u.DOdS)] 1[0.0%)' j;u:;::‘o Da; 0.25 (0.0098) or 0.50 bearing caps asan assembly,
E B | bearing in place) -2 10.0197) when cepair
o = fimit is reached.
E | &
£
= ! 0.1 ~0.264 .30 )
Crankshalt end phay 2,45 (0.097) [(0_“939 el n_ﬂ;g;g)l [{D.DI 2}1 Replace thrust bearing.
Install dial gavge (0 Mywheel
0.50 and measure face
Flywheel, face runouol and Matness 0.15 (D.006), max (0.020) runout with respect to
fiywheel housing rear face.
Crankcase, warpage on gasketed
surface e .
0.05 (0.002), max 0.2 (0.008) Regrind if watpage is
Warpage of gasketed minos,
<
g E surface
2 g Valve seat angle 45°
[ mn
£ é Valve sinkage 0.7 (0.028) £0.2 (£0.008) 1.3 (0.051)
G -
> “ [ Vatve seat width 1.2 (0.047) £0.14 (£0.0055) | 1.6 (0.063)
Valve guides, protrusion above b
cylinder head gasketed surface 17.40.568) 0.3 -0.012)
C -j led
e MR, Al 1.4 (0.055) +0.05 (£0.002) :
Intake 0.055 ~0.085 0.15
Clearnnce of valves [(0.0022 ~0_0033}I [{DEMS'?)] Roplage both valve Er.uirlc
e valve stem in B(D3S) and slem when service
& piside Exhausl [ 0.070 ~0.100 | | 0.20 Limit s reached.
E : valves (0.0028 ~0.003%) (0,097935
] — B o S—
2 = 1.2 (0.0471)
-l s Margin 1.5 (0,05%) after sefucing
£ , - o
£ Sinksge 0.7 (0.028) +0.2 (20.008) 1.3 (0.051)
Face runout of head 0.03 (0.0012), max (per-
pendicular 1o valve face)
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Unit: mm (in.)

_ Nominal Assembly standard Repair limit | Service limit
Group Part or item dimension [Standard clearance] | [Clearance] | [Clearance) Remedy Remarks
Free length 4885 (1.923) 476 (1.874)
g’ Adjust by means of
£ | Asinstalled length 43 (1.693) 44(1.732) shim(s) when repair limit
e is reached,
=
> 0.4 (0.016)/25 (0.98), Squareness of each end
Squarencss max. with sespect o center ling,
0.25 clearance may also be
0,25 {0.0098) obtained by warm setting if
Valve clearance {cold semting) intake and exhaust valves are
at the same temperature,
+0.10(+0.004)
0.035 ~0.086 0.12 Replace tappet unless
Valve push rods, bend 0.4 (0.016), max.
Rocker arms, fit on rocker —— | 0016~0055 | 007 | Replace bushing unless
£ | shaft : (0.0006 ~ 0.0022) (0.0028) repair limit is reached.
o
% 6 install bushing when
g gfm":m’[ Mo Ljovswn repair limit is reached,
g 54 (2.126) ot bE
E Cléearance of No. 2 journal ! [ 0.040 ~0.090 | [ 0.15 |
i i hole {0.0016 ~0,0035) (0.0059)
Clearance of No. 3 journal
g i hols 53 (2.087)
Clearance of thrust plate on 0.05 ~0.112 0.3
5 thrust journal ’ 5 (0.197) l(0.0020~0.0044]1 {(U-Dllall Rﬂph‘:ﬂ thrust plata.
+).1 ( +9.003'94) Dl6 Til[::
Intak: 46.916 (1.8471 3 =0. =h.
Cam height ik s M 0y D3 = 6.684 (0.26315) (0.24346) D1
+0.1  +).003%4 D1 - Da .,
Exhaust [45.944 (1.8088) | -0.3 (-0.01181) R
Dy -1 =7.344 {(D.28913)) (0.26945) . Dz
Cam dia. 40.232 (1.5839)
Runout 0.02 (0.0008), max. 0.05 (0.0020) Straighten or seplace.
Clearance of bushing on 0.025 ~0.073 0.1 k
g [ %047 | o 00098 ~0.00295)) | (0.0039)! i
= 0~0.1 0.35
Fnd play lﬂ] ~0.DD4)E lo.ot3s) Reptace thrust plate.
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{0.35 (124°F))

T & | Clearance of shafl in bore 0.009T ~0.045T
g; & s estnkonse W8 g 000357 ~0.001 7717
€ c 0.07 ~0.20 0.25 :
‘-_E_: a8 Timing gear, backiash (0.0028 ~0.0079) (0.0098) Replace pear.
Clearance of main shafl 0,032 ~0.074 0.15
in body 13O | 1ip.00126 ~0.00297)] lio.0059y] | Replace pump case.
E Clearance of outer rotor 0.20 ~0.28 0.5
13 E | inbody 3041.963) lo.0079 ~0.0110)) l.0197)!
w =8
pis = | Rotor and cover end 0.0d4 ~0,09 015
,g 2 | play 30 (1.181) [(G.ﬁﬂlﬁ ~0.0035)] ‘(0.0{}59)] Reface case cover or case,
g Inner totor and outer 0.013 ~0.15 | I 0.25 ]
3 rotor clearance L(0.0005 ~0.0059) (0.0098)
— 2 1 Oil pressure varies
k| % Relief presiiire 3.0 kgfem £0.3 kgfem 0.15 kefom® (2,133 pal) per
w5 ‘ (42.7 psi) (£4.27 psi) 1 (0.04) of shim thickness.
47 {1.850
Clearance of ouler race in L ) 0.011L ~0.025T Replace pump case or
- pump casing 40 (1.375) {{0.0004 L NO.GDIOT)I pump assembly
& | Clearance of inmer race on | Q00IT~0017T
5 pump shaft (0.DODDAT ~0.00067T)
8
3 0.010~0025 |
17 (0.669) | . ¥
E (0.00039 ~0,00098) 0,045 Replace bearing when it
[ . ; ng when
B il phey : 0.010~0022 L0001 ?7)' Replacs o does not rotate smoothly,
o (0.00039 ~0.00087)
=
b 0.001T ~0.017 T ‘
5 |Seecendix L0.00004T ~0.00067T)] '
Water pump impeller, vane-to- 0.5 ~1 Replice mpeller or
cgslng clearance (front and rear © 01:0 ~0,039) bhearing If vancs are
sides) ’ . binding.
E Carbon protrusion 1.5 (0.059) i}
S '3 1-Floating seat (carbon)
Height (free length) 21.8 (D.858) +1 (£0.04) 2-Seal ring (ceramic)
B | Valve opening tempezature |76.5°C(169.7°F)  £2°C (33.6°F)
2
g Valve lift 9 (50°C)
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Unit: mm (in.)

" Nominal Assambly standard Repair Hmit | Service limit
Grakp Part or item dimension [Standard clearance] | [Clearance] | [Clearance] Remedy Hamaria
=
& E ;
= 0 Deflection:
Belt, tensio
L3 R 12 (0.472)
110 ls.g;h':m2 , Injection pressure varies
20 kgfem® : | Adjust b i
Injection pressure :I‘?ﬂﬁsjm;i} 5 k&l’cmz‘i TLE psi) | (1564.2 psi), !hif'nu;s} ¥ ineuns of 10 kgfem? (142.2 psi) per
o min, ‘ 0.1 (0.004) of shim thickness.
2 Test by means of hand
H tester, wsing dl.g:m fuel
2 at, 20°C or 68°F apprax. | Spray of fuel oil should
= | Spray angle » Il spray patiecn is kn- be uniform and consist
£ proper even after nozzle is| of fine droplets,
2 washed in clean kerosene,
- replace nozzle tp,
Needle valve seat oil- Seal shall show no sign of leakage under a pressure of Wash needle valve seat Raﬂ::e m;zzle‘ tip srheo
i 100 kgjem® (1422 psiy or replace nozzle tp TR0 SUrEna I Seplcting.
tighiness 4 : or scored,
Clearance of tappet roller [ 0.013 ~0.071 :
pin in pin hole {0.0005 ~0,0028) Totel play:
E T(0.276) [0.3 (0.0118),
2 Clezrance of lappetl rolles | 0.033 ~0.085 | ]
¥ on roller pin (0.0013 ~0.0033)
- ~00075
] Roller O 15 (0.591) 0 ~=0.027 (-0.00108) | (g [p2ys)
L
Close pump discharge port
) ith a plug. Apply an air
No parls sholl show sign of leakage, with s plug. Appl ) ‘
£ | Airtightness Leakage between rod housing should be g::“ﬁ:izm bly pressure of 2 kg/em® (28 psi)
-4 not more than 50 ce (3 cu in)fmin, ’ 9 The pump. Md, kefp e
B pump immersed in diesel Tuel
: longers than 1 minudes,
E COperale priming pump
handle at a speed of 60
Number of strokes for 9%, B 5 strokes/minute. Check the
pumiping (priming pump) L oERN number of strokes requied for
making (he pump starl dis-
chaging at a head of | meter.
Operale injection pump at
Number of strokes for 45 scconds, max. $0-séconds ISDAIpm to (ihed: the length
PUMping of time required for the feed
pump Lo starl discharglng.
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Fuel system

Check displacement with
T P!
& : 900 co (55 cn in)fmin, smmc': t!_’f injection pump operated at
TE Capacity s u )/ min, 1000 rpm with 2 discharge
[ ol pressure of 15 kgfom” (21 psi).
: 0~ +0.1 -0.2 Check cam surface for
Cam height 32 (1.260) (0 ~ +0.0039) (—0.0079) Replace camshall, asihithon.
Axial play of camshalt 0.03 ~0.05 Adjust by means of '
bearing lo.0012 ~0.0020)) | 101 (0:004)] shim.
Clearanee of tappel pin in ( 0.013 ~0.050 |
tappet (hole) (0.0005 ~0.0020)
7 (0.278) ;
Cleararice of tappet floating 0.033~0.078 | l;‘;“‘;‘a‘q’;h Roplace tappet com-
bushing on tappet pin l0.0013 ~.0031) “;“‘ i | plete.
Clearance of tappet roller 0.050 ~0.097
on flcating Bushing 1110433) 10,0020 ~0.0038)!
0~ —0.027 —0.075
i ik riiny R (@ ~-0.0011) (~0.00293)
Plunges | Free length 49 (1.929) +1 ~0 (+0.039 ~0) ~0.,5(—0.020)
g springs | Asinstalled length | 44 (1.732)
2
& | Backlash belween pinion : 1,25
5 |and rack (8.5} L 0098)!
.g.. 150 g (5.3 oz) with pump at standstill
= | Fack sliding resistance 50 ¢ (1.8 oz) with pump running at
2 1000 rpm
Free length of delivery
valve spring 32(1.26) £0.5 (£0.02) —1(-0.04)
Plunges pre-stroke 1.95 (0.077) *0.05 (+0,002)
Pump speed |Rack position | Strokes Injection quantity Wariancie
pm mim mm co fow ind cc few inl)
. .. T2~78 - 04
10p0 4.5 (0.335) 00 ! —os 2 Mount injection pump on
5 s . (0.44 ~0.48) (0.02)
Fuel injection quantity - purmp tester and allow
- 6.4~70 D4 pump to inject.
10d04) 50{(0.315) 200 (0.39 ~0.43) 0.02)
g 5.0~80 1.0
00 | 6.00.238) | 500 (0.31~0.49) ©.06)
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Unit: mm (in.}

Nominal Assembly standard Repalr limit | Service limit
Giroup Part or item dimension | [Standard clesrance] | [Clearance] | [Clearance] Harmady Remisrks
" Test conditlons
2 Nozzle tip: MND - DNOSD
8 - . Injection pips: 6x 1.6 x 600 (3/4 x 116 x 23-5/8)
£ o Vsl aijectioh Rusiny Tnjection pressure: 120 kg/em? (1706.4 psi)
E E' Delivery pressurer 2.0 kgfem?® (28,44 psi)
Test oll: ASTM Diesel fuel No_ 2
i Replace hushing or swivel lever,
Clearance of swiveling : 0.016 ~0.07 arysh 3 :
> 5 11 (0433 | - 0.15 (0,0059 Repluce “O" ring and pil seal
lever shaft in bushing (0.0006 ~0.0028) [9.1510,0033)] whon replacing bstitng:
Clearance of tension = Replace pinand lever if pinhole
lever or puide laver 8 (0.315) { G0 e 003 | { A:10 ] is worn ubnormally or worn to
3 {0.0005 ~0.0020) {0.00394) L
support pin in pin hole show my stepped pottion,
Clearance of centrol
K ~ R ; t
lever shaft bushing on | 0.005 ~0 [ (0,10 (0,0039)] :Pli'ln. control lever or
: {0.0002 ~0) shackle.
shackle connecting pin 5 (0.197)
Clearance of shackle pin 0.015 ~ 0.056 Replace shackle o1 control
in control rack hole [(0.000'5 ~0.0022 ]i t0.02:(0.0031)) ruck,
E .
":3 .. | Guide lever and contrel chla}:t.wn!:ol blp::l: of e
= & | block lever if clromed tipof cantrol
- 5 block is worn down,
= | -
e g Replace spring I hook is
7 Control spring badly worn.
z ~0.11 ~0 ~0.25
P y v - 4
5 | Flywelght roller 0.0, 16(0630) | 00043 ~g b gt TN
= Replace (yweight.
Clearance of flyweight { 0.025 ~0.062 |
roller on roller pin (0.00098 ~0.00244) 0.10
8 (0.315) Lo.00394)!
Clegrance of torque control | 0.026 ~0.056 | D0394) 1 I
lever bushing ensupport pin (6.00102 ~0.0022) eplace lever.,
Step Item Adjusting lever angle P:':’r;z“ Conl;u&ra;l:nposilion
L100 8.2 0.1 ¢0.2223 £ 0,0039) at full-load stopper
1 | High-speed control 47° + 5° 1230 70 £0.1 (0.2756 £0,0039) 2t uitial leves setting
1290 £ 4.0 0.1575)
Control by adaptor I 400 104 £0.1 (0.4094 * 0.0039)
2| action 51745 850 8.8 £0.1 (0.3465 £0.0039)
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High-speed control 200 \": 11 gD.4331)
3 | Low-specd conlrol Jever anzle MINUS 175 550,10 {0.2165 £ 0.00039) at initial lcver setting
6% 3" - 330 | S0 0.0 (01949 £ 0,0039) with sub-spring
: Fump tpm Tetal Injection gt. ce (cu in.)f 500
, Adpusting fever anple gt LI strokes, 4 gy,
E
E’ 5 Mutching with ine
z 3 A | Mukohing WitEmem 61 £ 5° 600 §1 2 (3.1890 * 0.0767) with adaplor spring
o w sl i
T | € 1200 62 72 (2.4409 0.0787) wilh lorque spring
w S -
'3
= Stop | A The stop lever must operate piecisely, When the stop lever (s pulicd with the high-speed
3 gy lavar qporysion condrol lever at VH, Np = 1200 rpm, (he reck must be deawn up lo Rw = 0 mm
No-load operation Load oparation Magnetic switch operating voltegs
Voltage (V) Current (A) Rpm Valwge (V] Current {A) Torque Switeh [ Switch OFF
_ 4500, 4 kg-m (29 When circuit
23 50, max, min. g T, max. fi1b), min. 16V, max, Eopemd.
Shai Rear - Rear | Intermediate metal Con‘l.mul‘au-'n O.D. Brush
= Front Front Bracket shaft service limit Height Wear | Spring compressian,
w | B ~0.050 0,027 0.02 A
E “ 2 142 206
§- —0.077 -0.0i6 ~-0.08 4332
= -0.0020 +1.0011 +0.0008 (1.701)
=]
g 0559 50030’ | 959 0006’ | 81 _g003) 19 (0.75) 6 204.4)
E 12 n ~0.050 3 _H].o:? 20 3 0 Service limit; 13 (:0.5[] {0-236) Sﬂmc! limil: 1.5 (343)
§ 0077 T-0.016 = —0.033 2
o ] -0.0020 +0.0011 : 0 0,075
(0,480 _0‘0030} (0.480 -0.0(}06) {0.799 _0.0013}
No-load operation Load aperation Rear 20"
e {battery connected) [battery + resistance load 12.5A connected) Ball bearings Fleld rasistance 68°F)
§ i Front
£ Terminal Currant Terminal Current
kS voitage (V] (A) Rpm vottage(V) (Al Rpm i 27 (D)
= #6303
28 o 1100, max. 23 12.5 1900, max,
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Unit: mm {in.)

. Nominal Assembly standard Repair limit | Service limit
Group Part or item dimension {Standard clearance] | [Clearance] | [Clearance] Remdy Remarks
Voltage regulator Lamp relay
Z 1.0~1.4 09 ~1.4
g il (0039 ~0.055) (0.035 ~ 0,055)
g £ ; 0.75~11
§_ ; Conlact point gap 0.3 (0.012), min _ (0,030 ~0.043)
= | 3 0.75~1.1
o .
% E Back gap (L0300 ~0,043)
B 27.5 ~30.5 at 3000
d vol
- Hidoad vitige (%) rpm (alternator speed)
Cut-out voltage (V) 6.5 ~=T5
Cut-in voltage (V) ‘_f_z—'-’_'d’ 5, max.

SAYVYONVYLS 3ONYNILNIVIN



MAINTENANCE STANDARDS

TIGHTENING TORQUE Unit: ka-m [ft-1b)

i ltem Torgue [tem Toraue

Cylinder head bolts (?] z gé) Oil pan drain plug (;gg i gg)

Main bearing cap bolts (};g; i 22} Oil pump conneclor (3;:2 i 32)

Connecting rod cap bolis j (6?2 igg) Nozzle holder retzining nuts (;;g ig;

Flywheel holts | ( 6?2 : 22) Injection pump delivery valve holders (2?:3 i gg}

Camshaft thrust plate bolts J (llg i gg} Fiywheel housing bolts | (2353 i gg}

Front plate holts | (;J? i gg) -

Timing gear case bolts (21‘; ; gz) .

Crankfha ft pulley nut (233 ig;}

Idler thrust plate bolt - [22? z 22)

Ol pan bolts l {2:]

147



MAINTENANCE STANDARDS

148

APPLICATION OF SEALERS

Appl‘,f t0; Mating part Sezaler
Main bearing caps Crankcase bearing caps SUPER THREE BOND No. 5
Side seals Crankcase bearing caps SUPER THREE BOND No. 5
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TROUBLESHOOTING

TROUBLESHOOTING CHART (1)

Complaint

Possibale cause

Engine will not stact

Enging turns

but does
not start

Engine does
nol lun

No exhausl amoke
A litle exhaust

smoke

Toa much

cxhaust smoke

Starting motor does nod

turn sufficiently 1o
crank engine

Engine can be

cranked manually
Engine cannot be
cranked manually

Glow plugs do nat glow red

Glow plugs glow red too carly

Enpine lacks
power

Abnormal ex-
haust smoke

Too much black exhoust

A litele exhawst smoke
smoke

Too much whitish
exhaust smoke

When
operaling

Black exhaust

Whitish exhaust
smioke

smoke

When idling

Engine knocks excessively

T

ngine is Aoty

Engine runs rough

Engine
hunts

When iang

When operating

Fuel system

Insufficient fuel supply 1o
imjection purmp

Creater variance of injec-
tion guantity

Defective injection pump
seals

Insufficient injection
Quantity

Excessive injection
quantity

Improper fuel spray from
injection noezles

Excessive fuel return from
injection nozzles

Injection timing toa
advanced

Injection timing too
retarded

Defective auto timer

Defective governot
contral spring

Maladjusted governor
damper spring

Engine spzed too low

Fatlure of engine to stop
praperly

Poor grade of fue] ofl
Fuel viscosity too high

Lo}
Q

Q

#]

I
|
i

Qi = 2]

Q

Q

o

Q

0

(4]

o

o

Lubrication system

Poor grade of oil

il viscosity too high
Oil viscosity oo low
Low oil pressure
Excessive oil leakage
Pumping up of ol
Clogged oil filter

Defective vil bypass
alarm or lamp

Defective oil indicator
switch or lamp

Air systom

Insuifeient air
Poor compression

Low pressure a1 high

atomospheric temperature |

{or altitude)

a]
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TROUBLESHOOTING

\ | Engine will not start

Engine lacks Abnormal ex- Engine
power haust smoke hunts

3 oo il Engine does
bigt £avs not wrn

not start

When
operating

Complaint

N

N,
N

Possible causze \

,

Glow plugs glow red too easly
When 'o perating

Starting motor does not
turn sufficiently to

crank engine,

cranked manually

Engine cannot be

cranked menually

Glow plugs do not glaw red
A little exhaust smoke
Too much whitish
exhaust smoke

Enpine knoecks excessively
Engine runs rough

When idling

Noexhaust smoke
A little exhaust

smoke
Toeo much black

Too mueh
exhaust smoke
Engine can be
exhavst smoke
When idling
Whitish exhaust
smoke

Black exhaust
smoke

Engine s notsy

Engine is too cold.

1
I
o
e}
I
}
[
[
|
t
o
I
I
o)
f
|
[
|

Rzdiztor dissipates heat
excessively

Insufficient coolant -] - — — — T SR s [ R B |=] = 6 | == | e [ oaf s

Failure of radiator to dis-
sipate heat properly

Water leak through
cylinder head gasket

Couling system

Cracks in cramkcase water
jacket |

Defective starter switch B = — Q

——

Defective starter magnetic
switch :

]
Defective starting motor [ — | — —i} [ul !-— —_| )= = | = =] = — | | | -] =

Defective starting motor
free wheel

Defective flywheel ring
gear and pinion

Battery voltage drop =

Open circult in glow
plugs o1 pilot lamp

Elactrical system

Short circuit in glow
plugs
Defective alternator - = — — — =S | = = (e S [ e frems foms | o | o [l

Defective alternatar
relay

Improper wiring -

._.._,

!

o

o

o
|
I

o
|

Jammed moving parts -

|
|
o
I
o
|
|
\

l
o
I
|
O
|
0
o
|
|

Waorn eylinders, pistons
Of piston rings

Sticking piston rings - = o SR — — | ) G
Excessive main bearing
clearance !

Loose connecting rod cap
bolts

Interference betweon g =] ==
valve and piston

Man moving parts

Broken valve springs -] - o] - - - = =l—] © — ol © — |=|o|O|Oo|O
Excessive valve clearance | — | — — = - = | =] =] =] - o — = o |—|lolo|e| o

Foreign substances in
cylinders |

Excessive gear backlash =l = = — = == |y = = =] = el @ =]
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TROUBLESHOOTING

{ ® For detailed information refer to the separate chart.)

A

Defective lubri- | Abnormal Defective
cation system water tem- alternator

Engine opesates uf high speeds
Engine turnz in reverse direction

hut fails to stop

Poor response for deceleralion
Engine does not pick up speed
Excessive oil consumption

0il is diluted by Tucl

Water in oil

Englne vibrates excessively
Excessive fucl copsumption
Excessive blow-by

When engine stops,

Engine stzlls

3
:
:

Remedy

Warning lamp comes on
Indicator lamp comes on
at high-speed operation

at low-zpeed operation
Warning lamp comes on
at high-spesd operation
high {Engine overheats)
Indicator kamp does
nol come on when

Water femperatare
engine slops

nol come an
too low

warning kimp does

|
|
I
I
l
|
I

I

| Water temperature too

Heat ol pan from bottom side at
starting. After starting, warm up
engine thoroughly.

i
I
o
|
[
|
I

= = | =} B — — |®
= o | —| o] — - — e
— o | =| o|— — — e

Retighten and replace gasket
if necessary.

== 23 T = == —_ — | Replace crankcase.

Check for connections and repair.
Replace if necessary.

= = - = — —_ ~= | Repair or replace if necessary.

Es et h ‘s = A -— | Repair or replace.

Repair or replace starier

if necessary.

a ” Repair of replace ring gear,
_ = |, = = . | Replace pinion.

o = — - - o) — | Recharge or replace bastery,
Il necessary heat it,

= = = - == _ — | Replace.

Replace copper packings and
. If necessary glow plugs.

v Bawm 1 il o | oo — | © | Replace alternator if necessary.
s - = - e o o | Adjust or replace.

o — == — | - =] — | Connect wires propetly.

— — | =] o | — — — e
= — -_— = | — — — | Repair or replace.

= = Q[ e o — — | Repair or replace.

Check and replace bearing(s) with
undersize one(s) if necessary.

= = el =0 ] = — — | Rezighten.

Re-time timing gear train or
adjust valve sinkage propetly.

— = - R = - — | Replace.

_ | Adjust valve ciearance 1o 0,25 mm
(0.0098 in.).

= = = == - — — | Repair,

-— - -— = | = —_ — | Replace gears or idler bushing.
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TROUBLESHOOTING

Poor fuel supply to fuel
injection pump

No fuel in tank
Clogged fuel lines
Air in fuel system

Clogged fuel feed pump inlet
strainer

Defective fuel feed pump
Leaky fuel lines or connections
Clopged fuel filter

Alir in fuel system

TROUBLESHOOTING CHART (2)
Possible cause Remedy
Closed fuel tank supply cock Open the cock.

Fill fuel tank.
Repair or clean fuel pipes with air.

Retighten connections or replace
fue] pipes.

Remove and clean strainer.

Repair.

Retighten connections.
Disassemble and clean filter.
Bleed zir out of fuel system

Greater variance of injection
quantity

Jammed plungers

Jammed tappets

Worn plungers

Worn tappet cams

Worn bearings

Worn or broken plunger springs
Loose plunger pinions

Defective delivery valves

Womn or broken delivery valve
springs

Replace plungers.
Replace tappets.
Replace plungers.
Replace tappet cams.
Replace bearings.
Replace plunger springs.

Reinstall properly by matching
marks,

Replace valves.
Replace valve spring.

Insufficient injection quantity

Governor stop lever link is
binding,

Control rack is sticky.
Jammed plungers
Jammed tappets
Worn plungers

Worn tappet cams
Worn bearings

Loose plunger pinions

Improper full-load setting of
governor

Straighten link, placing
lever in neutral position.

Relubricate or repair,

Replace plungers.

Replace tappets.

Replace plungers.

Replace tappet cams.

Replace bearings.

Reinstall properly by matching
marks,

Adjust governor setting on
bench.

Excessive injection quantity

Stop lever jammed in “increase™
position.

Improper full-load setting of
governor

Loose plunger pinions

Repazir lever link, placing lever
in neutral position.

Adjust governor setting on bench.

Reinstall properly by matching
marks.
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Possible cause

Remedy

Improper fuel spray from
injection nozzles

Sticking needle valve in ong
OF more nozzles

Damaged nozzle tip seats
Worn or broken nozzle springs
Too low an injection pressure

Carbon deposited on packings
al nozzle tips

Repair and replace nozzles if
Necessary.

Repair and replace seats if necessary.
Replace nozzle springs.

Adjust pressure to 12040 kgfem?
(1706.4 * 143 psi) on nozzle
tester by inserting shim(s).

Remove carbon.

Injection timing too advanced

Improper installation of fuel
injection pump

Incorrect installation of timing
gears

Re-time properly by tilting injection
pump away from engine.
Re-time timing gear train.

Injection timing too retarded

Improper installation of fuel
injection pump

Incarrect meshing of timing
gears

Worn cams, tappets or bearings
in fuel injection pump

Re-time properly by tilting injection
pump toward engine.
Re-time timing gear train.

Replace.

Poor prade of fuel

Water in fual

Use good-quality fuel,
Use good-quality fuel.

Low oil pressure

Lack of oil in @il pan
Air in oil strainer

Defective oil pump

Clogged fuel lines

Defective oil pressure regulating valve
Clogged oil filter

Leak in lubricating system

Add oil to prescribed level.

Replace damaged pipes or packings.
Retighten loose connections if any.

Repair.

Clean.

Repair and replace if necessary
Change element and cil.
Repair.

Pumping up of oil

Excessive oil in oil pan

Wom cylinders, pistons or
piston rings

Sticking piston rings

Wom valve guides

Prolonged operation under no
load

Drain oil to lower oil level.

chéir and replace parts if
necéssary

Repair and replace damaged rings
if necessary,

Replace valve guides.

{Overhaul engine if oil-Jaden gases
are exhausted.

Insufficient air

Clogged air cleaner
(Paper element type)

Clogged air cleaner
(Oil bath type]

Clogged intake manifold

Clean and replace element if
Wash interior.

Check and clean.
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TROUBLESHOOTING

Possible cause

Remedy

Poor compression

Defective valve seats
Sticking valve stems

Fazilure of rocker arms Lo
1lift valves

Worn cylinders, pistons or
piston rings

Sticking piston rings
Exhaust gases leak through
cylinder head gasket

Worn or broken valve springs

Insufficient torque of starting
motor (at starting)

Repair,
Repair and replace valve stems
if necessary .

Adjust valve clearance to 0.25 mm
(0.0098 in.).

Repair and replace pans if
necessary.

Replace damaged rings.

Retighten and replace gasket if
necessary.

Replace springs.
Replace parts.

Insufficient coolant

Insufficient coolant
Owerheating

Water leaks from unit seal of water
pump

Crack in crankcase water jacket
Water leaks from other parts

Add water to prescribed level,

Replace seal.

Replace crankcase.
Check and repair.

Failure of radiator to
dissipate heat properly

Air in cooling system

Rust and scale deposited in
radiataor

Dust and dirt around radiator
Slippage of fan belt

Inoperative thermostat
(kept closed)

Bleed air by loosening air bleed
plug, drain plug, or hose clamp.

Flush.

Flush.
Adjust belt tension.
Replace.

Radiator dissipates heat
excessively

Extremely low atmospheric
temperaturs

Uncovered radiator

Inaperative thermostat
(kept open)

Cover radiator,
Replace.

Jammed moving parts

Sticking cylinders, pistons
or piston rings

Sticking main bearings and
crankpin bearings

Sticking cam bushing and
idler bushing

Repair and replace if
NECESSErY.

Repair and replace il
necessary.

Repair and replace if
necessary.
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SPECIAL SERVICE TOOLS
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SPECIAL SERVICE TOOLS

I Ret. |

Part number

Taool at, Used for:
Mo,
1 3449100400 Valve guide instafler 1 Valve guide installation
2 31391-10500 Valve guide remover 1 Valve guide removal
Valw 1 1
3 | 31391.13010 IV e g g 1) I | Valve seat installation and caulking
{intake valve)
Valve seat caulking ool . ;
- ¥
4 31391-13020 (eschaigt valve) I Valve seat installation and caulking
5 30691-11100 Adaptor | Test pressure pauge installation
fi 2449100200 Piston guide 1 Piston installation
7 MHO61077-01 Idier shaft puller 1 Idler shaft removal
8 | 30691-11800 Cranking handle 1 | Engine cranking
9 14491-00300 Sacket i (.am.s'ha{t thfust plate removal
and installation
10 34491-00100 Cylinder sleeve installer 1 Cylinder sleeve installation
3002101104 or 2 : Injection pump temoval and
2 commercially-available Universal extension | installation
31391-12900 or ; - Piston ring removal and
12 | Commercially-available | FiStON fing o0l | installation
Removal of crankshaft
6430%-12900 or gear, camshaft gear,
13 | comemercially-available Puller assembly ! crankshafl pulley and water
‘ pump pulley
|
Idler and camshaft bushing removal
2
14 30001407300 [dler bushing puller 1 wnid instatlation
30891-04500 Idler and camshaft bushing removal
13| 3080104600 Auapiing ? | and installition
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SPECIAL SERVICE TOOLS

Tool application chart

£
L - B
s |2 = HE; .
=|d = =1 B =
T2 e 3 3= £ |8
EME: : 5|8 NEFRE
Used for: 2|5 2|E ] gn.a_éz-?. g
E(T| &= = E =T 3| & & =
sl2lel2|e|S15|2|E |8 s B1218|2elf |EF
12|15 (z|2(818|8 (=] E3(3|5|=|8]|2|F |32
= — O B e = = |lmolClE|=E]|E8|E|= BE
z|=|F |21 8 g|S|E 80_E==j.§§._3_5=
o3 |8|E|E|F(G|E CC R bl B 2 #s
glz(llol2|el2 Sleu|=s|BlE(E(E |22 |RE
EEE:&E;EE ﬁezcﬁaﬂugu =
wl Pl e el eaf2]8) B2\ b 222 p2lp |22
L ??E gt B Eleo| B E(E|S|E|E(E |5
= |'% = ARAE 50 Fl'E = 81585 2
Eésaﬁg'i'ﬁﬁsgzﬁgﬁﬁﬁgseg 2
Part No. T \|E[Z(E|E|Z|E|5|E| 28| 2|22\ E(2|2 |22 (2|28 |23
Valve guide
1| 3449100400 S iier 1
2| 3129110500 | Velve puide 1
remover
Valve seat intert
3] 31391-13010 cpulking tool 1
fintake valve) -
Valve seat insert
41 31391-13020 caulking tool 1
{exhaust valve)
S| An694-11100 Adaptor 1
6| 34491.00200 Piston guide I
1dler shafi
7| MHOA1077-01 puller 1
8| 3069111800 Cranking handle 1
91 3449100300 Socket 1 i
Cylinder slezve
10| 3449100100 installer |
30091-01101 or | Ypjversal
i ;m:&mﬂy' exlension !
31391-12900 or
12 | commercially- Piston ring ool i
wyallable
64309-12900 or
13| comméreially- Puller assembly LidpL)t
available
Iddler bushi
14| 3009107300 | e : |
308%1-04500 1 1
15| 3089104600 | AdEPIOTS
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SPECIAL SERVICE TODLS

Valve puide installer and remover prescribed position. The remover is for driving the guide

The installer is for use in driving the valve guide into the out of the hole.
guide hole in such a way that the guide will take its

ic

Y

'
EESENNR

B B Ic

55

Matarial: S63C
Valve guide installer (part number: 34491-00400)

LN o
=1,

//’ E

88 |
Materizl: S53C :

Valve guide remover |part number: 31291-10500)

How to use

®\

3 [
i_:-l 1-Installer a-Cylinder head
g —— 2.Valve guide A-17mm [0.67 in,)
/J . Installing valve guide
1-Remover 3-Cylinder head
2:Valve guide

Removing valve guide
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SPECIAL SERVICE TOOLS

Valve seat caulking tools tools, one for intake valve and the other for exhaust valve.
These tools are for use in driving valve seat (2) into Each comes with 2 caulking ring, and is to be used in
cylinder head (3) and, after fitting the valve, in caulking two directions, one for driving and the other for caulk-
the peripheral edge of the valve. There are two caulking ing.

Do nat chamfer,

o
AR =777 —73e

- 3
!

50 16 | 14 Grind . gq § §§

79| 235

80 70 | E|®

™
Materiai: 5K5 or SK7 150
Valve seat caulking tool (intake valve) (part number: 31391-13010)
Do not chamfer.

| ~

<

g a ﬁ =i (T I TP = ?lq

3 b

0 16 |94 | Srind. 28| § 28

6) ; ﬂ/_ 73 ?;??

k)

BO 70 B
Matarial: SK5 or SK7 150

Valve seat caulking tool (exhaust valve) (part number: 31331-13020)

How 1o use l
ﬁgf' Part number ( Tool
Valve seat ]
. 33 lexhaust) 3 |31391-13010 caiitking fosl (intake valve)
472 lintake) £
V
4 |31391-13020 mﬂ:’;j;":m (exhavst valve)

Cylinder head
gaskered surface

Adaptor

This is a connection fitting to be used in installing the
test pressure gauge in the glow plug hole for the
purpose of reading the compression pressure.

1-Caulking body
2-Vaive
3-Cylinder head
4-Velve guide
5-Caulking ring

Installing and caulking valve seat
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SPECIAL SERVICE TOOLS

M10X 1.25

M14 X 1.5

B.2
18.5

o~

= -] e
I 118° P aay
~ II'I:*
o FrTT sV P

0.5f

Material: $541 60 z

Adaptor (part number: 30681-11100)

How to use Piston guide
Use this tool when inserting the piston into cylinder.
(‘ It protects pistons and piston rings against damage, and
¥ facilitates the feeding in of the piston.

102

T -
i
3 ‘-—hju'—-—-_
2 i
N ¢
N
N
N °
¥
1 B
Favay
I iz
Material: STEKMI2A or 13A 104 va

Piston guide (part number: 34491-00200)



SPECIAL SERVICE TOOLS

Idler shaft puller
For drawing out the idler shaft, one of the liming gear
parts.

Inserting piston into eylinder

16.2

—t 50,8
‘ o el &, v 4 2, tinatn
a\l - o
Uy if - =
n P2 | " |
.58 a. Leet: > -
A al=] L0 L
T_ 1 T 1 I A,:;:..s / I X o -
! l = ;’l . m!.l I | G/ N || A
[ 4 d% !
| m-g N h =~ ,/ "i N
] | N % r2) N / "
MIZX 135 | " \ N = S5 : [ ] N
N '- \ N () N
b | | B b N - B '\§ |
2 Y | I'I _|I | %
| 7 3
|_ i | R ke )
117 RO N l . S
ﬁ_l'v'“ [ i\ [4 23 N
~y m| 2 I [ |
J Y 1 N \ N | N
Miox 125 ST an— B J [ 3
~ o 3 E
P i | N3 ____:J i - S
15 i ﬁ ]
LE
80, ;' | .
l —f—)
Detal 3 & Details 1,2 N
Material: S43C Material:
1-8TKM11A
2-5500°

Idler shaft puller (part number: MHOB1077-01)



SPECIAL SERVICE TOOLS

How to use Cranking handle

Set the puller aver the idler shaft (4), run the stud (3) This tool is for turning over crankshaft, as in wvalve
into the shaft, and drive nut (5) to force the shaft out by clearance adjustment and others. Its hexagonal hoie fits
jacking action. the crank pulley securing nut.

®Bﬂ

é’:uf

o1
@_,-4

1-Crankzasa A-idler shaft
2Puller 5-Nut
3-Stud (M10}

Remaoving idler shaft

41,6. spprox,
3

30 %
245
g I
A 8
A =
-«
a7 Al
Matarial: SS41
Cranking handle {part number: 30681-11800) N
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SPECIAL SERVICE TOOLS

How to use

Mararial

How to use

Socket

This too] is for use in tightening the bolts to secure the
camshaft thrust plate (through the holes provided in
camshaft gear), and also the shorter ones of the bolis
for securing the rocker brackets. It can be used in
torquing the glow plugs, too.

0.5%/
/ e OV TSR,
/ T AR A )
ol = o
& o R — ] - =| 8 H &
S > 7 _! ]
i ~ - G RNE TR /
\ AR ERSSORSSSSSSINASSS
Ny v
17 11 12 *0a}
a5° | LX)
45 40
85
SCM3 ——

Socket (part number: 34491-00300)

Securing the camshaft thrust plate

166

Tightening shorter bolt on rocker bracket
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Cylinder sleeve installer
For use in driving replacement sleeve into the cylinder.

| +0.5
o g
2C
15
Fa"a g
037" 3 ‘ b
L] 3 23
e L |
LL
o = 5
32.5 y
0 Material: S43C

Cylinder slgeve installer (part number: 34491-00100]

Universal extension

The fuel injection pump unit is mounted on engine front
plate, as secured by two bolts. This extension tool is for
bringing the wrench head to these baolts.

How to use

Insert the sleeve installer (2) intosleeve (1), and push on
the top end of the installer with a press arbor to force
the sleeve into cylinder (3).

3
Y

=)
=

&)

1-Cylinder sleave
2-installer
I Cylncer

-1 i L]
3 B4
9 T A ._l_.
- L k4
3 1 l\
0]
70 13543
Matarial: SK7

Univarszl extension (part number: 30081-01101)
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SPECIAL SERVICE TOOLS

How to use

P
9-Bolt and washer
Tightening injection pump mounting bolts

Piston ring tool

For use in fitting piston rings Lo and in removing them
[rom tiie piston,

\. o \‘l|‘ ’:’ /
\ S—— -
Jalle—=<L
—a &)
W Elp ——" =
| 5 <
r_.____..;-ﬂ,/ /*' k‘__::-—_

Pistan ring tool (part number: 31397-12900)

How to use

. Jigau
1<Lompression rings
2-0il ring

Removing piston rings

A-Piston ring 1ool

168

Puller assembly

For use in removing crankshaft pulley, water pump
pulley, crankshaft gear, camshafl gear and injection
pump gear.

—

- f |;:1 i ' |
Il . I""-:-

Size of pullay 10 clamp

.—}
Diam. {MIN) ¥ Width (MAX | | 8 | )
'

40 mm X 110 mm I

150 mm % BO mm

Puller assembly [part number: 6430912900}

Idler bushing puller

For use in removing and installing idler bushing and
camshafl bushings, when necessary.




SPECIAL SEAVICE TOOLS

243
g, 15 €0 60 62 30 8
= .as® =t
2 2-45 2.45° 2 Ng__ | 4145
145° s
1

] M oo

- br oy

qe b Q-

] ool __wl | L o5 3l
o - g |
~

ﬂ - = 2

Ky
1410 apared
/ Break sharp edge.
PHESS side PULL side
{ Knuri 2 un 1

Materal; SK7 NOTES: 1. " indicates dimensant after plating.
2 Owench and 1emper (HAC 40~ 50).

Idler bushing puller (part number: 30091-07300})

Adaptor

For use in removing and installing idler bushing and
carnshafl bushings, when necessary.

\\§
) - e
] Q _ g; E
g i o & §§ ;Ea
& 58 g o 38t 38
17 A e
e a
0.5 !
A ATATAN
FAVAY ¥ S 0.5¢
10 35
45 3
20 2 7 .7 i
48 Maieriai: 55418
43 Material: 85418
{part number: 30891-04500) {partt nurmber: 30891-04800)

Adaptors
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