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Events during ane crankshaft revolution of a two-cycle diesel engine.
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(A) CROSS FLOW SCAVENGING
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in GM's two cycle diesel engine: Blower supplies sir to cylinder through inlet ports. Hot compressed air fires fuel
mixture. Fresh charge of air for next power cycle pushes exhaust gases out through open exhaust valves.

The different scavenging arrangements and the associated port geometry for two-stroke
engines. (a) Cross-scavenging; (b) loop scavenging; (c) Schnurle loop scavenging;

E:?s)l:ﬂﬂow scavenging with poppet exhaust valves; (¢) unifiow scavenging with opposed
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COMBUSTION
COMPOSITION OF ATMOSPHERIC AIR

BY-VOLUME 3Y-WEIGHT

PERCENT [RATIO | PERCENT|RATIO
NITROGEN| 79 [ 376 | 768 | 332
OXYGEN| 21 I n2 |
TOTAL | 100 100

FUEL COMBUSTION WITH OXYGEN
concordmapdad mag ypiogé C 4& H,

:J.::tp:afg::ﬂoémén c::rJnSogr':" qé:o‘?_ COMBUS-

TION [gdpd O, 3¢ @203(ggad sudlgeonapSn

CHEMICAL REACTION BETWEEN H,AND O,

2H, + O2 = 2H20
2 Mole H,+1 Mole 02= 2 Mole H20
2(2) + 32 = 2x 18 = 36

COMBUSTION OF CARBON WITH OXYGEN
C+0,=CO, Complete combustion ([gsulm -
1 Mole C+1 Mole O, =1 Mole Co,
Ix12+ 1x32 = 44
2C+ O, = 2C0
Complete combustion e[géslm
2x+ 12+ 1x32=(12+16) = 56

Boondeud(gul eacsor03gebiop O, 20p5
R o3[Forng§gn:(gs(menn §8§:4¢ ca5034:
(METHANE AND OCTANE) o} enod[gearn
sl emnaiolencioydGigap: qpopdn

CH, +20, =CO, + 2H,0
(12+4) +2 x32= (12 x 32) + 22 +16)
80 = 44 + 36

C8H18+12.5 02= BC('_)2 + 9H20

COMBUSTIUN WITH AIR

canéendqp:  COMBUSTION [gdepogt
ccogéepods) coonogl:g (G8qehu Jepogé
copd O, 4é N, eadeul:co:gE: [gdaopSu

oum:zmq cooan. 34 smpoopd N, [dde
cog,q20p0n cantmadac eoSfgepayé O, .
003gqfB: N, 208 o0y of@é:e
COMBUSTION (583 w83oz8 onobeg mf
G0g,q20p5

cooogéulodean 0, 9& N, o%_mﬁ x
a[0é DAY 2'!’79= 1:3.76 [gB20p5n sJcdas
0, | Mole o3é:3é N, 3.76 Mole g0,

§oopSn

CHEMICAL REACTION FOR CH, AND AIR
C+0,+3.76N, > CO, +3.76 N.
2H,0 + '02 +3.76 N, > 2HZO +3.7¢

Methane CH, 2005 scoadendily sa.

mJé:e0mms] a3l ons0agen: qdoods
CH,+20,+ 752N, > CO,+ 2H,0+7.52

1 Mole CH, 1 Mole CO,

+ 2 Mole Q, —e--ee3> 4+ 2 Mole

+ 7.52 Mole N, H,0 + 7.52 Mole

WEIGHT 32:[g¢-

(Ix16) + (2 x32) + > (ddy+(2x 18

(7.52 x 28) +(7.52x28)
290.56 > 290.56

Boodul er05(g3gc:mq 1 Cu-ft CE
2958 (2+752) oo 952 Cu-ft Bmboonst
(or) 1 Ib CH, :nacg coo (4+13.16) 17.16 b
cﬁ:ﬁﬁmén cmém;ﬁqp:mé C s¢ H,
compound qp:(gde) meco:g§ =g H, 14
15% clocaopdn mmude) cooneradopd mcco:§
soifgé H, 15% ¢ 85% olofaoaSuy wyzoulm’
conéorsd 1001bs og€ H, 15 Ib & C 85 Ibl
d1guatn

Atomic ratio fL 22:g¢ [36ocmdged |
wec:gi§ay ge:odel 2wadadqp Atomic weight
Bomcaes spogféoncs

H _ 151
T 85/12 (on)

15 ATOMS
7.08 ATOMS

Géicanéenade Chemical equation go

C‘I.MHI 5 E&J}éu qé:mn&coagoaé CM
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[ge) complete combustion [gdepogé chemical

cquation g2 -
C., +7080.+ . e
(7.08 X 3.76)N,

7.08 CO+
(7.0843.76)N,

H2 s¢ eod(ggoge

H 43750 4575 X 176N, —— 7.5 HO#(3.75 X
& s 176)N,

C.H + 10830, +40.7IN, —— 7.08 CO47.5

' ' H.0+40.72N,
Coallie 7.08 x 12415 = 99.96 Ibs
10830 = 1083x32 = 346.561bhs
4072N, = 40.72x28 = 1140.16 Ibs
TSHO =  7.5xI8 = 1351bs
b O, H, #3.46100, — — 3.111hCO,+
+11.4IhN, 1.351bH,0+

11.41bN,

Bené 11b C. H 2025 complete
combuston [4éqé eco 14.86 Ib c§aopdu
DIESEL ENGINE COMBUSTION WITH EXCESS
AlR

Diesel engine  mn:0p:o0pd maximum
power ¢ BAOGS G4comny 60y ;G
complete combustion [56q4 cfxdearn coovwsm
wn 15% ¢ 20% mdd§com covwenmyé
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H,, + 350, — 7HO
G, H,, + 10670, — 7.17CO, + 7 HO,

C..H, =(2x7ID+(1x14) = 100.04 Ibs
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C8% H 14%
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C+0, = CO,C 12 y» O, 32
12 + 32=44 .103.2=103.2x32 _ 5752
B -

2HO0,=2H0 ©,32¢p H, 4
16.8x32

4+32 = 36 0, pH,16.8= 2o = 1344
pgeulé:efmbearecs 0, = 2752 +1344
= 409.6 lbs

o§eadears O, = 1344 +2752=409.6 Ibs

0,11by N, 336 Ibs ,

~0,4096 Ibs N, = 4096336 5375 Ibs
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INSERT

Ribs are cast into inside piston to strengthen area between
crown and piston boss,

A steel insert may be cast into an aluminum piston to help
control expansion rate,

Instead of a vertical inserr, a steel ring may be cast into
pisten to help control expansion.

WEAR ]
CAUSED "
BY RING -
PRESSURE

Top. Aluminum pistons may have a diagonal slot cut through

on minor thrust side. Center. Some pistons have a slot shaped like

cut in piston skirt. Bottom, Two slots may be connected by @ third
slot to form a U-shaped slot design.

v
i

e

Side thrust on piston s

vater n
compression stroke, o an explosian stroke that

because ol greater pressures on piston head
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COMPRESSION RING §¢ OIL CONTROL RING gp:0 meadqpiy 0oqj:9(u¢ apodand(m
2025 1 024, 09¢ Govre0oat § @4 g(: oaa),0p¢ Ol CONTROL RING gpioge 3 PIECES, 4 PIECES
o0pd[s¢ wodayS[mawpSi cg), TWO STOKE CYCLE ENQING opé  FISTON RING 20p5 PISTON
RING copSeogoicoqd PISTON KING &) GKOOVE o3¢ PIN gp: ondaoaoniaopSn PISTON RING macol
{a;_;ﬁ’g-?’:[géoaé 'I'()I‘uﬁgﬁqf:nl;csc‘r% :r.m?m‘r:r.‘;()%&:u;a%: nr?'rlrg,: 1':33} PISTON RING SIZE(‘J% GLS’TEODC‘:QéH

At B 5, A8 premy e oI o ) DT g T
qc::nm._‘n..n? PISTON crac. cr_.:_.;::“_cpaar_ .;au,\r.:—[l_r:,?-._.r._r_m.ﬂj INEOC RO

Thes cross section shows compression rings in two upper
grooves; a three-piece ail control ring in lower groove.

PISTON PIN (GUDGEON FPIN) (WRIST PIN)

PISTON PIN 2055 0gonc4é CONNECTING KOD o soodaguScoraopSn o} CASE-
MAKDENED STEEL (5 (510904 ealéryledaon5u PISTON PIN 50305 BEAKING qpia}  PISTON BOSS
moSeyc et CONNECTING KOD SMALL END adopc o¢: (a3, ) go4jradogé é: ol§aopSn ALLUMINIUM
PISTON qpiope BUSH soom{os PISTON aoeo(uCy BLARING m[ed o3adfescdiesond 203
CAST IKON PISTON o) @l BOSS § BEARING 336 codiacont qf BOKNZED BUSH ol §20p5 1 BEARING

eﬂ:-:wé PISTON PIN Za0: cga:q“i.ti:op_ﬁ .h'_ﬁ:u ;ﬂﬂacu&% x’f‘;"" LB;:E%J[LSI?EXE:QP:?’J“

1. FULL FLOATING TYPE ’

FISTOM P 'faf(; ;gf\irro::;:u') UQOJ(SE)‘B(E: em:ogfwgcg_(qp:@é:aﬁcmg FING) 39§$=§§
3055 CIKCLIP (SNAP RING) (66 o8S:q 820054 PISTOR PIN 20p5 0gond BOSS BEARING §¢
CONNECTING KOD &l 0SS 55 cgaboudgn agigp:§ EpS1 xS apogé CIRCLIF ogodecgadca
i fl; nqm&ﬁ mtmc q:'.)ei 0

L
) R
-

. 1. OSCZLLATING TYPE s BB
: Zii@djlimeo: FISTON & CONNECTING ROD of o005 nudeqeeaé 9geRee
HOROD o StaLd B O canrep scarw [5F sonided il copvali el

5 gt BOSS BEARING wapé g Beadgn cpdqriféwpSu
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3. SET SCREW TYFE
' SCREW g¢, “rarry<ior,.,

TE ap
qé:gpcﬁi::ramﬁ):t‘raé PISTON PIN 230 BOSS BEARING craonong SLET ;
2an) CONMECTIRGROD 57 BUS),

3 walen] Oa » (T% [aaT81= sToln b -5 FISTOM FIN
[ alulln bin'be'sba's] oY tl* MY (o} (3] [S1= sTola b o380 5] 1? .
e R ) 1] L. t*

c | < _ o¢ <
5‘1’0'_’1 [\?(T)(\JU?O C\ZL‘lﬁ'J-gl‘. :)Ja‘} ]

—

Where piston pin is anchared in zonnecting rod, 2 ™aring it

Where pin is anchored in piston, bearing is located in upper
end of connecting rod. provided in each piston boss.

b

Where piston pin is held in place by snap rings or plugs, pia

“floats” end bears in piston bosses and in rod end. This illustration

shows principle involved, but actually pin would bear dirgctly in piston

bosses of an aluminum piston, and retaining ring grooves would be cut
into piston,

CONNECTING KOD 2005 FISTON 4 CRANK SHAIT 0 2005 wuSconiears LINKAGE [36
w51 44a300CicRe SMALL END o3¢ PISTON anSa0d G§20ge5 Bevlmdulfaopdn géimenlad
og€ BUsH (a§) cLAMPED SCREW ol§opSn pgg0sonicp e BIG END o3¢ CHANK PIN Son630€
cpcaé ngugcrlmtacﬁ *Iﬂ@@:@@?am:méu BEARING :]BGUTi:)E:ﬂ% SADDLE wp caTé cmﬁg[_;‘é:fﬁll
BEARING CAF 1y ¢3T20p51 BIO END 3055 INSEKT BEARING R m6E:AY:o0p5
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CONNLECTING I{Ol)a)é qucnﬁa]am:ﬁ%éqm@é L:cﬂ_r_ﬂ:@:%éé_ﬂ‘l;(\%wéu qg:(’% FOR, 7,
Cioodaooeas ALLOYED STEEL [6¢ [0jepSooo:[B: 1-BEAM CROSS SECTION ([ oapSearni o
;_L:-.L‘?_“‘m‘cm' ALLOYL [: E{C‘? ; C _ H(. 55 : 3@(} TI00 GRS
a8 1 g, 3§§0500E 6y BIG END 03 OFF SET [ojcp Seoo:o0pSn CRANK PIN g PISTON piri
29 c;ap;{?ogg:tﬁ_géqqil CONNECTING ROD maagpadad:a} &b agnicoéialoynd: eeladaydooon’

o 2 [ < . I - L& . 4 C,oF 5 > < o r
oaj, CONNECTING ROD 03¢ aon)t ﬂﬁ:qcr{p. N, eypangpiomysiase SLODLERC OIL SLOT m ]
:\;ﬁ.:r:v*:xéu mﬂ_ FPEQCQPIoRe BLARING CAP NG aops cpadopas BIG END od 5nd

< < <., < . <
:raapp::cmamc.ﬁ. Esmmo 20p5

Studs ave used in place of bolts for
compact. compactness,

T

Pisten-Pin Lock Ring

Piston

Connscting-Rod Beoring
Sheli or lnseria

mnmnm-mnuﬁehmn
anough for withdrawal through cylinder.
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CRANK SHAFT

B:Gc\ygé::u']nfmgufc[:me @5ctJT(\)0c;mo nn::u?j U?O’JE _'DGUT'Jj_ ‘.nfr'jc;s:prrr)'u;'-"{ [ "r'.:
Uﬁmc’mé mmn%mmé:@lcqﬁqa? maﬁ_ucﬁg@écm& CONNECTING Komfrnm':' CRAMK SHAIT
a8, a0l c0:§ 205 1 0gEE M T30 CRANK SHAFT copSuoSyfghanl5m005 1 CRANK SHAIT
o3 FORQE STEEL (3§) CASTING §ap3:6000¢ :[BimaSfad JOURNAL yprfahaors COMNECTING ROD
§¢ MAIN BEARING BB Eqpiay 2 c02t20p5 1 MAIN BEARING .e?rf,- CONMECTING ROD JOURMAL 7).
00501600 BE3TFE107 CRANK ARMS (2§ ) CHEEKS 1y 6512005 1 CHANK ARM 71 UG TG 4o
ENQINE @ STROKE c-:oTogé ﬁmémén (Zlmﬂmﬂgr?rf:mpi CYLINDER ’fac;q:!’-\'rffd"."’}f-’J-‘!-'I)J"- u’f-ej

Counter Weight

No t No.2 No 3 0.4

Main Journals
Six-cylinder crankshaft and piston assembly with one piston and connect-
ing rod removed.
CONNLECTING ROD D’](}EDCUEG«?C]’JFT? CRANK FPIN w cal 207 )Jl ZNGINE o2 MAIN

Bl’.’.M(lHGGu o DL’;‘Q"?‘F"? MAIN JOURNAL U? r.;aT:uegn LN(‘rIHE[j qro ‘h- CHKANK PIN ongo0s

MAIN JOURNAL §63000:[C: CRANK PIN 3260320050005 MAIN JOURNAL nY BB :Garmnnas
CRANK PIN §¢ MAIN JOURNAL 4p:cp¢  BEARING 4 25 oéiconrnaS .1-“: BUARING @i Gy
STEEL (25,) BRONZE cUTogc BABBITT o€ cont :ngu CKAMK SHAFT i &

§&ia3% LY WHEEL
U"‘ua::cq& G'BCI?CU QE "g‘ 3e: 03(: Ul”’ \;Uc‘lﬁ? CD«‘. 236:00m:6207 VIBRATION DAMPEK o |. 2020
a?_@c CRANK PIN a.}(_: mq,'rmcmm CHAMK ARM 03c CHANRK SHAFT mE‘fL“'?f“.'ﬁ""‘":“? (,OUHTLK
WEIQHT gp: 0n5a0€ oot pS i COUNTER WEIGHT gpign 3qE[98(5: (giodgjondgjqsamnt o) con:
205 1 CRANK SHAIT ondegpé :opo5pS[8:ul oo BALANCE 06:205(8¢:4 806120 Sq20 a5 1 46 109 oo
STATIC 46 DYNAMIC (2§) RUNMING BALANCE o} [sd 05

ENGINE o5 g agqproopd H.P ojclog) ONE, TWO. THREE. FOUK. SIX. LIGHT. TEM.
TWELVE, - CYLINDER 025(0¢  ENGINE ({j:903 cpodcpS[@30p51 CYLINDER (6) oj:mmeo ) LNGINE
4P} Bypia(BG V-TAPE :oq]|:300: ENGINE (36 V-6, V-8, V-10 §¢ V-1202035(6¢ onpdsaonas
(32050 INUNEDEy (g 0rpSeaonndulon CRANK SHAIT¢o a8 (a6 8851 sommodaé: omaS
9% [86§E0p5u o§cadd LOW SPEED DIESEL MAKINE ENQINE 4p:opé 239:{0e(03o¢: g qoaSu
cnqﬁ_ ﬂéua,ﬁ::b@é c.mmsmrrﬁ *565:(‘53:5_13 BLOT AND nurqp:@é ué:rmqané'@lr“méu

CYLINDER 00n:2§64¢ ::cqmoama?cﬁmé S:coloSel FIKING ORDER g 3“11!"!JL
&9, q::nagn CYLINDER 20yt ENOINE ogc 1.3,2.... CYLIMDR cco: :\? ENGINE Ogc 1.3,4.2 9‘2
1.24.3, cmnnm{wﬁc\; ENQINEGRE 1,5.3.6.2, 41.9 1.4.2.6.3.503 66205y CYLINDER qdcg:
mlﬂl:aac 1.8,4.5,6,5,7,2,...1,8,7.3.6.5.4.2.... 1,5.4.8,6,5,7,2, ... 1.5.4.2.6.3.7,8,*q 1.2.7.8.4,
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5.6.5.... 0205 3 [ed 205w
CRANK SHAFT § CRANK PIN §& MAIN JOURNAL qp:o aqpib oyt igp: soladorangdy
OIL PUMP gonaoé 6gpadygpicuiiy 20p51

CRAmM FiM
CounTER B AL
e

Temgw

®.
s_. o/ 2"”‘

COw~TEN RALAMCE
T IORT)

| =&

o

3-4. -5

Single throw crankshalt in single cybinder enging has two main
ring journals (solid blackl and one connegting rod journal (colorl

|

3 @gl’ﬁ 2
4

Above. A right-hand crankshaft
lor a six eylinder engine, Center. A left-hand
crinkshaft lor a six cylinder engine has No.

A tour cylinder crankshsft normually has throws spaced 180 3 and 4 throws to left ol No. 1 and 6. Be-
spart, with cylinders 1 and 4 cn same 1ioe. Some V-1 use a similar lov,, A V-8 crankshalt usually has throws
canitfuctinn arranged like s lour eylinder engine, A

possible variation is shown.

FLY WHEEL

FLY WHELL 2005 PISTON 9 qfenon soqp:ad o$coondaon(S: mfeormgidqpiogé (04
copd way:{oeepdn FLY wEes, :n@::mcx::ne; CYLINDER :26q 320305 :nqé::r-‘qrméff wleo:
mécmrﬁ&wu'):sacuT g a0 aSn POWER OVER LAP griGo00 ENQINE §¢ CYLINDER 3064
TOROBYIC0D ENCINE gpiop 6ol dlicaon FLY WHEEL 22§:08: CYLINDER mcd:cqepdicas
JENOINE qriogC Go0:036300 FLY WHERL of wodsfgops

FLY wheel cologé ENQINE TIMING 4394 No.1 pisTON T.D.Caéqbgﬁmo']_ﬁmé"
G0} CAST IKON (5§ (Gio9SaomtonpSi ¢ 1038 CLUTCH ASSEMBLY FLUID coupLING (3§) TORQUE

CONVERTER 5308 of cpepypr§oops SEE EnQINE§iqfmogod FLY WHEEL S cniooScopiagd
KINO OFAK oo uﬁquﬁmaﬁsmi?rﬁ (PRESS FIT) mﬁm&m:mén
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VALVE AND VALVE MECHANISM
eieiers. e

CYLINDER cod0$:03¢ gpreaonamaifad INLET (23,) INTAKE VALVE meapé:a¢ ex

VALVE ozdegpli® oxdoomiopSn 6coa0pS ENQINE m03¢:03, INLET VALVE o3(3odg) oéccrx.sg;
ccoologSi(B: olodegqpinpS EXHAUST VALVE of (3036) m[0€ a3 ogndogaio0pS i VALVE gp
So5qj$03¢ cjegqs Feqm3i0pSn aqpéégolon COMPRESSION ceqpapSiepd(e8a0pSn vaLVE )
qPia g5 CAM SHAFT col§ ECCECNTRIC [s9ca00 CAM g (01 6[BE[ad0pSn VAng:’_
qpio3 CaM[o¢ o34:g¢e) SPRING 3o:(gé (0450520051 VALVE SPRING 4o »§eo§cd25n HIGH |
SPEED ENQINE gqpiopé POPPED VALVE qp:  503:[g(mm0pdn ¢agégenmionpimalc: VALVE axpf §
§95 02 aEg(ado0pd 1 LXHAUST VALVL i SILCHROME [0€[00p5q) ongj g SILICON a¢ §

CHROMIUM ALLOY gqpi(a§ [Ojcp80p5 1 INLET VALVEG MICKEL CHROMIUM STEEL o€ [0j0p005s &
VALVE qjn5§o[0é 205 3ol eicuSenn mgiifod 0odopscOeqepd I BypiTIie¢ VALVE |
N qoS4o0E a3 45(33) 30" cool oot aSH ), ENGINE0RE INLET VALVE 0 45 coo:g) EXHAUST ]
VALVE 03 30" conigap§aopdn ;
A
) R 3
o i
IN MARGIN EX 1
STAMPED ¢ STAMPED
ON INTAKE FACE ON EXHAUST
VYALVE HEAD VALVE HEAD
i
STEM
| § vaive sering Retamer ||
LOCK GROOVES |
| // 'l’_’
H..-'/‘ ILE
'1" 51x41
A walve margin of 1432 in. s usually regarded as nimum
suitable width,

VALVE qpio} syl 2805(gi0pSea00 3805mGE: VALVE FIECHANISH qpi0p5 VALVE |
mnboly wdmoeulogé ¢S pSi LT4¢ FLap gpioge  VALVE qinop3  CYLINDER BLOCK |
coTogé oS §a0pS 1 VALVE QUIDEGOGRE VALVE STEM 205 capeg golss moomdsTed Sl |
ENQINE ad¢ QAS g wudogadcaqiadand

35, VALVE SPRING gp:0} (2) 3 o8a0 c000n0320p5 1 ENQINE BLOCK 4¢ RETAINER
so0mca0n VALVE STEM [32:03¢ onSaodeommpSu TAPPET (o§) LIFTER 0} ENQINE BLOCK &
meoloddope @p§ cont 031 CAM SHAFTG cm@ﬁ%né.,g@é?.‘;‘ BoopSi Q\Hsmméq )
cooomsl TAPPET qp: [§§oradoon(§: VALVE 0 ogdigdeuiaopiu '
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BLOCK 03¢ VALVE g onSs0¢ 203:[gje200 ENQINE 63 SIDE VALVE ENQINE pesl20pS u

2-16

Volve mechanhm in engine

block.

VALVE 3¢ ¢ :2803(0jcp 600 380578 E:qprgn CYLINDER HEAD 03¢ onpS Qa5 n(1 §&
F HEAD) $&¢:qp:[s620p5 1 ENGINE BLOCK 03¢ CAM SHAIT, TAPPET 200(8: CYLINDER HEAD opé
PUSH ROD §<§ ROCKER mgogmt‘éé:qp: mﬁmém:mén cAM SHAFTméoo%:chné CAM ::Jé
TAPPET o 0p4:20p51 TAPPET 205 PUSH ROD ¢0na0¢ KOCKER ARM 03 cg$qpicoaopSn ROCKER
ARM @Gqpige(onog VALVE of gécolf: SPRING mganié VALVE of [0§805comaSt
Shen?

Adpaling Screw

Cylindar Heod

qr.‘.q

Yobes-snriin. PYEbI. T T s s,
lﬂ‘ﬁmm iy A badiny L r‘.fw‘?v.u’f REL ias ]

il ey
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VALVE TAPPET CLEARANCE

VALVE gp:oopd G(\.‘.Dccu-lmﬁa{i? Q46002 Fapyqp: 10D TP ?1? GUB ‘”‘1”&3“ o (ag
EXHAUST VALVE ¢5 §g) mgsmeqmegu dﬁcrmr VAI,VBSTLqu QS godemmpin g qadayas
coogeo3n¢ VALVE mgqsaumqp n% G[(:JOC mcmﬂ.cmezu oqmo.g &JFMGNI*F“’G’E"'-’ CLEARANCE
(E'x) 0.3000')@3? ) comeo: q:uan Gé: (ﬁ TAPPET CLEARANCE ) c;aT:Dg_JH SIDE VALVE ENGINE
orac TAFFET ?C VALVE STEM o OEC(I.‘D q) OVER HEAD VALVE ENQINE O?C ROCKER ARM T

VALVE STBHE oac 009:20p3 1 TAPPET CLEAKANCE mp-n-:raqp-n? ADJUSTING SCREW 73 5453
BE[BS qiSEpSt TAPPET CLEARANCE oy ENGINE apodapdogapiy p34(03a:002:00 9 e
Jeefavas
CAM SHAFT

WSI!AI'T:}:@ VALVLqp'rr? mgc :s::umc\?uc_on a'aam:ra@m'raqf‘[’_mm@" qe ’7)’
oloean Wm?me VAIVEmcqu ﬂ? sact?uagtmmmgu VAI \e‘[.pf‘ﬁ::«:r') “mra" clepeecioiohio vk x.
CAM @ LOBE (23) TOLcuTogc vﬂwm&amgu CAM SHAI‘TU? CKANK SHAIT 4 ceroc 1463025 1 CAM
Srml’Tq.c CRANK SHN‘TG? qo’)aomq Jqﬂ{gsc QJUJ-E-‘OFDQJEII (1) MESHINE GLEARS (2) CHAIM (3)
BLLTCJ?EMCDEH :foac c@T@oc:o ::o&: mo?r:. Ew:nau :aaam CAMM Si I:\I‘chgr PUMP 1) cenc 14

qaf CAM epky zatl)moa:cm.men

Timing chain sprockets are usually marked so
drawn through, canter of both shafis bisects timing mk.lhi'a:nfn'm.‘
correct. Flywhesls are alwo utuslly merked 1o facilitate ch;cki g is
valve timing, na
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FOUR CYCLE ENQINE gp:ogé CAM SHAPT copSvodgpd CRANK SHAFT copducdya
46000205 1 QBAR TYPE [edeoi CHAIN TYPL [0Bco1 CAM SUAFT OEAR Jeqmo3a50p5 CRANK
SHAFT QEAR 32Gq203050005 4630§2305 1 CAM SHAFT §¢ CRANK SHAFT s00553056pagC. VALVE
nygémBodopSogqpiy CAM SHAFT ¢ QLAR 4¢ CRANK SHAPT ¢ QEAR gp:o3é 340dmarsgp:
403 20:G0I02:20 0N [§copSonbeoé epogé o :mgodSmagPRdYE: ;b quai &) VALVE
TG 518 25 5¢: vpealpSn [FBreniaa00 SeuSmlqiymopt mfpaeann aLARgp:ué :oé e

c ¢ <
mmaamm:mau

FUEL PUMP IDLER

HYD. PUMP DRIVE

Gear train on Caterpillar vehicular 5.4 bore, V-12 engine.

. [ o by ]
Feudmé ql(Bgpragé m@o:emm%ﬁmﬁé:c{pﬂl cun:géquofsd CMHKSHA:‘T Omi\
v < [ '..".
§< CAM SHAFT GEAR gpicy GEAK gp: 7306 0¢[g¢ 00d udcominon Gt Gi:AEqp:ogi BgD
; $ 3 S:pa0&s VE
:zzm:qp:uwaméu qc::;;gcﬁmmo:qp:s’n: qémsgamﬁaoc?mo PISTON :onon#es0Ciyg VALY
mgémﬂc‘% qéméué@émén
BEARING

ENOINE cdadiopé Jlueaon MAIN JOUKNMAL BEAKING 4¢ COMNNECTING BEARING

BapSTaa0s0pS CYLINDER mapSmagsgé enone$§E:colopé goopds) oo cd00p5 VEpAREID - |
qproogd ghiomgqpdiens wpiigpSemaropn GEogqpig> CADMIUM. SILVER, COPFER. ©
BABBIT METAL qp:f0d 20 251 qEsooggiqpiga FRICTION (@§:00:q) mypSicaSouofgdfd: tan b :w
50§i4¢ ofqpigond wbicaont§Epdn BEARING qpio} ﬂ@lﬁm@éjéiﬁiwmﬁl”;,

veemdinenys moxdd:cdogud maj:(giae0n INSERT TYVE BEARING sadf]izeoat ;
@_5méu qo%u;-ms&:mw?c Im‘t‘.OML(:s) DIKECT CAST BEAHING o%@émél
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T, SropfiBSaiSacsonses
INTEGRAL () DIRECT CAST BEARING
GEtmef:3e0r0p5. BEARING 70 EqpiaoTogd BEARING ;o gogpic 0305Q05a34 :60m:
B: SmSeorn mguSmeniqeené [G§2: mx:BopSt ¢Eimdiaicad BEARING CAP 4¢ 38
[E3:0p¢ sHin(é:{go:) g02:0003205 1 ;nLSd) BEARING gpragpéarsolm GE:qcilomypalgosy
@;mém:}i:@ﬁém&'ﬁ:n qé:aqﬁ:mm:xé méméq_p:oaé E;"—’ﬂé‘gﬂ e:)?':aoécou
INSERT TYPE BEARING
GEro0pd mod:mqprad: BerBooes0pdn [BoqoSma3:d1p3n ENGINE SPEED §¢
o$qp:o%mp_§: ma:cmégémén MAIN .?rf_:‘ CONNECTING BEARIMNC qp:oaétﬂa.?:mén r:,é::raeﬁ’l:
Bootogc STEEL (o) BRONZE 03 emnod¢dg) meologéemoniol xogqpivlenn LEAD, TIN,
COPPER, SILVER, CADMIUM 20 go[qpaicy :qj0g) sqpods) 6aoad 1051 gE:03 40[38:(ojopSagied
SADDLE cologé oo[36:4¢ BEARING CAP coloponfgSicnde Bo5ondaod izt [gdpSn
SADDLE 4¢ JOURNAL(m2:03¢ c§oSecupScongmogas BEARING[55:6) cnonodgsiapd
LIPesl coodeooul §(8: SADDLE af@aé:odagé sbodgéoy SgjondcontangSi

Typical stesl-backed main bearings.

MAIN BEARING CAF AND SEAL

MAIN BEARING qp:03  BOLT g deqpc:8[0§ oiaomoupiu mq), ENGINE [03:qpiagé (4)
cqpé:nbe0 20p5 1 BoouSad: MAIN BEARINGOY FLANGE0DG:0C ) CRANK SHAFT 6g 64005 c(3:§¢
& THBUST BEARING 3(06 559:[0j20p3 11 CRANK & 6q.46 6400303¢ Bqpim(odsf, vcdagadcong
320305 OW.SEALyp: 03530€ cona0pSi 69, §E:320305 OIL SEALG} TIMING COVER¢piogé ondand
coo0pSi c490> MAIN OIL SEAL 4pi0d $a5:qdfeé eujcoqs u.icg::ma:mén ogj.o¢ Ol
SEAL 03 §adgieigés oog),03¢ OIL SEAL 03 20a520053c3¢ [0y ENQINE BLOCK o3¢ o3¢
o3 ENQINE qodcpdogapia padlagmiqiod=cie: Ricopiondmdag [adanaSh

aaQaaaaa
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g npzsioﬁnsit lms___cij_ou SYSTEM )

. gcﬁgméruéqp: wmécuTcu‘]rrgmézaiﬁ; (imi F'UEL INJECTION SYSTEM Qéeﬁ:gémz
e 20p5 1 08 dgo cané 0asBuwomo] (6§ wnie00e00830:4¢ CYLINDER Ty E:o, godag&aan
t:[:ﬁ:oéu qé:r‘r‘;‘] AIR INJECTION ») caT:uén
Y& P Brgo @é ©otea00 3m:§ma§ coond onad (HIGH PRESSURE FUEL) &3 INJECTION
NOZZLE 33:(305¢) CYLINDER 303€:a], GUI 6300 $p5:{ud 2051 6€:0% MICHANICAL INJECTION
eal20051 weesoS DISELE ENGINE gp:0p¢ MECHANICAL INJLCTION SYSTEM Qi3 233:[or8)
:\'{1:@{:3}9 MACHANICAL INJECTION gp:go-
(1) COMMON RAIL INJECTION SYSTEM
{2) PUMP CONTROL SYSTEM
(A) INDIVIDUAL PUMP FOR EACIT CYLINDER WITIH METERINE BY

(1) CONTROL BY PASS

(1) CONTTROL SUCTION

(11} VARIABLL SUCTION ORIFIC

{1V} VARLABLLE 5TRORKE

(V) PORT AND HELIX METERING

{B) ONE HIGH PRESSURL FUMF, WITH DISTRIBUTOR CONNECTING DELEVERY TO
CYLINDERS IN FIRING ORDER SEQUENCES.

(3) LOW PRESSURE METERINE PUMP AND DISTRIBUTOR WI'TH MECHANICALLY OPERATED
NOZZLE AT EACH CYLINDERS.

MECHANICAL INJECTION
FRAH AR
{1) COMMON RAIL INJECTION SYSTEM

-

Gt INJECTION SYSTEM 0gé FULL PUMP 2305 Gound@nadawo: §awo: 500 PSI[GE MANIFOLD
(s3.0020%) COMMON RALL of §oovxd) CYLINDER gpig INJECTION VALVE ( SPRAY VALVE) o303
COMMON RAIL 5§ 0050002035 | '

CYLINDER 5§, 60136209 80wnmo SPRAY VALVE g¢ 203 w03 efonc :dBE:(g ¢ o84:
386:2005 1 SPRAY VALVE o cjeedeanmy§oge TAPFET KOLLER 03 (3¢ onéecuienroms] COMTROL
WEDQE ¢ od20¢ PUSH ROD 03 op§ioxécui(§: KOCKER ARM 2005 CYLINDER HEAD 03¢ aodsod
Q0263 SPRAY VALVE of ¢ euioopSn TAPPET KOLLEK 4¢ PUSH ROD [03oiog€§eaon CONTROL
._:wﬁ{)ut‘.rﬁ muge'scg_cu:@é:@é SPRAY VALVE gémé:ﬁaﬂo; :n-q.&)_c:cagﬂa:rﬁ emé'smtméu gj
:,Bmm 03¢ SPRAY VALVE DRy f,u3€:d) Su3sed COMMON RAIL mecﬁpﬁggagg%o-
I”@ﬁfﬁm@é CYLINDER :09¢ 1§, SBafGufmjens ENGINE ¢ 8:§:3¢p: ogadcogsondn ﬁc@:xf
j ﬁl“‘gcmm SPRAY VALVE gz :nna(_ﬁmn? 8§ cod:afmod: @ng:nsé'cﬁaaognﬁ .is’pmr.ln
"W\I.Nﬂqp-.lr,%- m'aaaécrn:méu s 4 T R e
42) PUMP CONTROLLED INJECTION SYSTEM LS oS e

) r LA ConRieir G g0 RONE

(A) INDIVIDUAL PLUNGER PUMPS i op e g BTt AR
o o PISELENOINE ] codigh ofincl ) o PESION Gioadi sap dehimotamadi
g4 INJECTION SYSTEM o} 302} [Gjoon{m@ oo SauSanqéqpiad dmdsan pqw“?q




http://khtnetpc.webs.com For Knowledge & Educational Purposes

3.2 :0p§: B8 actndqd

Bozc M:;Eﬁ;ﬁﬁﬁém mc@:r:cq(ﬁc@uﬁj INJECTION PUMP a'ﬂnj]?;micm ciuoé ma&:}
§eorqaopsn o3l “CYUNDER 036880905 INJECTION PUMP 0383 800p5690073000q2003,
exicuSean8eusmEqC Yooyt "CYLNDER cdgdmoped PUMPING ELEMENT ndgdad zﬂiculé:
ol eonadecyfeardieups: e qfiqpioncgos CYLINDER0>6380pC PUMPING BLfinmtmo?ﬁﬁ
ﬁ:@g:mécmrﬁsogﬁaién g PUMP gproopS ceund eosS CYLmDERGmqu::LD DC:CLE
oad(BSmogod §aedens owomd3E:omg) 8§Sm[3¢ INJECTION NOZZLE 2§, §.60:0p31 6§ 0ot
§oop$ cconiensSoopS INJECTIONNOZZLE§ VALVE S 034t Gel) COMBUSTION CHAMBER 3209€:33
So§icornpd

GE: PUMP@p1o0p$ PISTON TYPE PUMP gt [ad(036) caoicuSeara PISTON (OR) PLUNGER
2p5 CYLINDER (=, ) BARREL 3¢ 3209Scpdeaonndi mEqc CYLIDNER gp:a3, 0168 § @S
Soeonn’ §pd:odimgaes B§:288:0p5n

(1) CONTROL BY PASS PUMP

CYLINDER 9§, 60:§ 6000 s8mgpSimypiad c3§:286:6200 gp5:c08:[d05n PLUNGER
20p5 BARREL 303¢:03¢ CAM @ 0g§:awa:e[mgné meulal onodqen i1 SPRING @l 3:390:6[m30¢ 6awoers
33, [0§eoq@ i

PLUGER 63200533 30&:q)§ 03€ cancenasiqp:opd SUCTION PORT of [yoSe) PLUNGER
@760l GE: BARREL 320€13 cepos§aonfmaopSu CAMy PLUNQER 03 60T 5§ 094 tond caoomssl
PLUNOER 2005 qC:@ 360l §E:03€ sqprdfegenn condonadyqm:ol 8§5¢) DISCHARQE VALVE ¢
30§ CYLINDER 3§, § 60:00p5 Il SPILL VALVE ROCKER ARM 2005 PLUNGER§E ms0m60]a3, ono5amm
2pSu BY PASS VALVE 03 G cadcaromal PLUGER 56ulQE:§ sSqpioen: BY PASS LINE goneog
SUCTION LINE 5§, [0§occom(gé 8§maoyme:npdmi§opé adeo:dy [BradiagoiooaSi

SPILL VALVE ROCKER ARM ¢0  ECCENTRIC co0g¢ oadacaomin(aé gE: PIN 03 w8d,
e eferdicdeugée§ cyLinDER R eoifeno BwmapSimqpiod B6:a88:§Ena5n maSy)
PIN 2025 (3¢ caromegzacontapé §ogié PLUNCER 2005 macuTonnd ) NOZZLE S sSc0:cao0 ROCKER
ARM 2005 BY PASS VALVE 0} concyégn oBecp upS(8dopSi Baf3nd sSmspSicaSadon cusd
cB6.pSn PN o} §5:3.cy€ ROCKER ARM 20pS BY PASS VALVE o egooSoygd opSfedg) 803 3§
§odige co:fopS(Edopdn ofjmermnn PUMP 005 crcLe B3&:0pé RSeoong§y Bosae:
START OF INJECTION 20[51c36 6p3[88(8: s860:3 ¢ wad:005[8E: END OF IECTION ¢2g GOIGe00
Bowrmd Qmésﬁc@oé:dﬁoé@ﬁméu
(II) CONTROL SUCTION PUMP

GE: PUMP 2035 COMTROL BY PASS PUMP 03,25 o€ (9820pSu 3§ qpogé SUCTION VALVE
Bdopimg§ad dfond:adcufeé: 3 ;
DR D47 <fgalicdcuBE:[o¢ CYLINDERSS, §co12003 Bowomna8:a88:0p5n PLUNGER
©

PDOGYOYP] CAM 4§ ROLLER FOLLOWER o3 ¢ csoofgadeorg) [G§s08:qfmagod BARREL
'+ 0odcopS§ SPRING o csondgoSeln PLUNGER comi$ad sodieasnmms] ECCENTRIC SHAFT culogé
PIVOT c98000:6200 ROCKER ARM 20p5 SUCTION VALVE

BARREL :03C:0§, Goond ona8ype: oéccpn%m@méu
’ PLUNQER 3300038

o} gSonicuis) PLUNQER @ 3sauT§e:

cg-_méaxma'l ROCKER i mcﬁmurﬁa-aaé:mé PLUNQER §§ 336}



http://khtnetpc.webs.com For Knowledge & Educational Purposes

Mechonicolly
oclfverfed

IMJLCTION PP
HLUHGER

Fuel lines 1o
otAer cplinders

High—

oresiure

rohal

raive TAFLRID
EGLLER

= ROLLIE GiroE

H
Nt~ f
N,
E:_—: _____ = GOVINGE LINK:
mzzTIza=dzo- 5
High-pressere Q______ —mTmmmemm
Fump 1---11
CMEHAFT N

Pump=drive _/
.::rsneﬂ HIDIMG FULL Cam

Meoder, or “common rod”

Fuel fram
day ok ——A

Diagram of Commaon-Rail Injection Variable-Streke Pump Using Sliding Cam
Svstem Using Cam-Onerated Spray Valves

Daewco model IPFN fucl-injection pranp.

1O SHAY HOZILE

'l
|
| DIsgHARGE LINE

PUMP BARREL

HCTION
Wavi

rBY PASS VALVE

sy
EHAMMER

P -vaL vl
ARSLAILY

RUNGLL

CONTROL BY PASS PUMP o '\?.:u.ba.ému:.m;_% Uslag Spill Valve




http://khtnetpc.webs.com For Knowledge & Educational Purposes

B §Bdaisacsmndos >

maoTal, eg.cqpig] 8o 3 Mg120p8 samamiuadafen,aqpiogeiBi SUCTION VALVE 5} Soden
2050 SUCTION VALVE 8o5oymeomal  PLUNGER mcol §&:§8qpioy CHECK VALVE SN
INJECTION 5, 8 60:a0p5 1 ECCENTRIC SHAFT copS uobg a0pS ROCKER ARM 0gzoa[050} §8.m(5¢
BiepSevrpSn aigedfdd SUCTIONVALVESoSaspSmejaed efgotiajeelS: camdenr Bmens mup:
0'3 E}q:}GUTGanéH

3-4

(IlI) VARIABLE METERING ORIFICE

GE:mqji3ee2i3E PUMP z20: ENQINE CRANK CASE culopé onbaolarmig) ENGINE Cam
SHAPT ¢ Gooc:gCpSu

PLUNGER & 03 05copSogé ANNUAL RECESS (ol oScopSmaé ) o0l §ieqE 0% PLUNGER
§ AXIAL HOLE (2§ ) RADIAL HOLE % 030§ 80055305 conra0aSn ENGINE CAM SHAFTG CAM maoi(ué
PLUNGER 360l o9, 00058 SPRING a§ 6300528, [D§a0C:qpS 1 PLUNGER 63200533 50< )
SUCTION PORT 0} g¢c§a5620033] PLUNQER meol§E: BARREL 303¢ 103, Sqp: o€ sepadeun(n)
2025 PLUNGER 2000325, [G§0005g] SUCTION PORT o PLUNGER [0 8c5cdas(3: meul§l:opd
BnopI§ogC CHECK VALVE 0§ coqogde] NOZZLE o, a53 co:a0pSu PLUNGER @i e3udcoas§
ANNUAL RECESS 20p5 SUCTION PORT 03 @& c3aSea0om9s) PLUNGER :60T3¢:§ aSqpioons AxIAL
HOLE4@30¢ ANNUAL HOLE 03 (305(3: SUCTION LINE 5§ (0§ copSespas §2E 208 88Smwmogeot:
ogo:c;u@ agcu:(?g_@é: @:ac}:age:mén PUMP 33035: oécspn%o:ocwo aﬁ@ﬁumm(ﬁ corﬁéurrgﬁ
HORIZONTAL PIN 320: &) 4o36,0qp:8E:[0¢ SUCTION ORINC maguSm00:03 afood :adcos] a3 sps:
Ty 0$0%:co:n}éu '

SUCTION ORIMC mgudgae: ogpe(gac:olo SUCTION :4)§03¢ PLUNGER 3a60T) 1o,
ol eepn3§en Boermanigps:esuasesofeé INECTION(G0Sq§ PLUNGER ooaSconeaooms!
5§ Beoy qf egoodogepSedoad

SUCTION ORFIC z3gui3eeni(03:0lon PLUNGER :acul §E:03, o€ cqpoidcean aSuwam
qp:eé@smé 1 INJECTION STROKE PUJT‘IGI::RaacoTa%_ 03620038 £§§c8sog_q$ Gmeé@ng
@: INJECTION ;3 %:‘%qp:@o:ca:o :Buuomnr% ac?cu:@.géeé@émén gis'aaﬁ::ram: FUMP :\;:Ec
CYCLE ] Boco:d§j§0p5 sSmepd:maqpimetlyonpds) elonl:cdupdsdendanp: ooty Bedinod
END OF INJECTION ¢ mcpopucgdoopSu

(IV) VARIABLE STROKE PUMP

CYLINDER o§, 60:§ 2005 s8324p5:304p:03 PLUNGER &) STTROKE Gl oé GonpSg) B
86160:3 §E 51 g 6E: PUMP mgfrmaonta’ col[gooaraops
| e0gioonien L:.VI:‘.‘Ro:ca%cg;?:ogé dC@n0p ROLLEK 2005 CAM elo3a ag, aqp:
c420p31 CAM g ROLLER 03 &'onc 200 94j303¢:0p¢ CONSTANT ANOLE cncegpaSqé: LEVER og,
cga0pdn PLUNGER g oqp:[a€:0% QOVERNOR ROD P03 (o) :3'3{.\5(30533_ Gg_c@:@é:@{:‘ ARG
Gu:géméu GOVERNOR KOD 205 60p:000:6333 LEVER solq 603100216200 mé‘??‘lﬁf’% :;Emé:c@
c0:§c20p5 1 ROLLER &\ oxpIegepecad:adfaéioops PLUNOER STROKE 03 c[0né:adeos) CYLINDER
3%:0:(3_.‘::))0;60% 345 :3qp: 6font :adcoa0 5 PLUNOER STROKE o ul oo £m;$-?§a°:@; STROKE
p3olon 9360213_9 SEESEN qé:mt{ﬁ:aﬂm: PUMP o3¢ PLUNGER ﬁlmﬁgcq;éo:rﬁ@é: aSmco:[éé:



http://khtnetpc.webs.com For Knowledge & Educational Purposes

> é:@?:@_gaﬁSmtgmggg 5.

START OF INJECTION [(36§) PLUNGER STROKE mayia), eepodiogc sSeuifsd: E::ré::}aﬁ:wféu
(V) PORT AND HELIX METERING PUMFP

¥
: qé:mé 'l'aa.?ﬂqp-?l? PUNI’maﬁL:mm:@éjménaamrrﬁcrn:f_;:rrog fErQ§m<sT[§qu:mén
| PLUNOER o3¢ VERTICAL SLOT. ANNULAR KECESS 4¢ NELX o oloé(masndn CAM & PLUNGER
| 30t mecolo§ opdiond (B SPRING ma0(n¢ 6300053 [0§50E1920p5 1 PLUNGER 6703 0§ 506 144
| 3¢ eamndad:d eqodeanmsl (§ - A) BoREalgadqpioopl FEED PUMP (2§) GRAVITY FEED
n oo BARKEL § PORT §6300:03(305(5: PLUNGER 360 §¢: BARKEL :0p¢:33, of sqpaian(mops
| cAMg PLUNOER 03 5360T58, o' oréemnomsl BARRELmopé:] sSqpia} POKT 4pig caod mlpéad
|

| i
i ?:5.?0:‘{?:@3 omég’f} -"nﬂn‘ﬁrf:-czrr):ma'] BARREL 70)¢ : @émqﬁ;cmarg:-ip: c{\pégcﬁgm@@: PLUNGER

| ¢ 2005000388 5g) CHACK VALVE 03 (9050 INJECTION NOZZLE 5§, §eoiopsn (¢ - 8 )

c§&:03, cp4:a0030p5n PLUNOER 32000533, s003mabaung) PLUNGER @1a352005 BARKEL POKT

: PUJHGEH% HELIX cﬂé::oé POKT méﬁ:?n% mmé@géo‘%:ﬁcmﬂmﬂ :iaﬁtan3*£:$]:;8qp:
| 2025 VERTICAL SLOT §& HELIX gonané SUCTION LINE 33, [0§eqpas§E (3¢ 8§ 5w agandiaga:
@ Beo:fg [BradioganpS af PUMP mefjrmoniogd PLUNGEK &) STROKE 65 onadw0smas: [ud
;Qmémé : PUMPING STROKL (2§ ) EFFECTIVE STROKE 4o HELIX &) sy Tacomico] gonps 6) efoacio]

| <
L aoaa

T

i BARREL :30p¢: PLUNGER 03 ogpdco:(aéimnfué MELIX &) megmaconios ofpad:adeold:
g

?PUMI-‘ING STROKE n% GE}OE:C\SGQ}@ Gu:r?_smoagsa‘?é:saqp:ra u@o%:%éméu BARKLEL :;aoracc:
| . IR I e O € . c . < c

| PLUNGEK &l 5964 5000:qpi0. §= DL 0f0p¢ eol[gommonpdn PLUNGER @l samadalgapé LUG

(3.) FLANOE 06561 §(B: & rmemr SLELVE § 3g(6¢ glaomanadn o 6moé PLUNGER 20pS SLEEVE
n nmﬁgcmrﬁcg_c\qp:gésmamé: Sl;lil:',‘.llin? cqéc.u:oijé PJ,UH(lEIio.?ﬁgméq:néu
. 0$ SLEE\-"J:‘.O?n BAHHL’.LCQE gf:cm:@ :3'.;(.;uﬂ|qt?z<§:GacF Plr{lonm&%? mtﬂaoccmf_:»:m&ﬁn qé: PINION
ELIVERT=

YALVE
ASSEMBLY

(d)
L)
Crosssectional views of two similar Seguenices of operation of he injection pump
injection pump aﬁeﬁg«a; o gt T Y S and the effect of rotating the plunger through different angles



http://khtnetpc.webs.com For Knowledge & Educational Purposes

3-6

a3 CONTROL RACK g 0033050021205 I COMTROL RACK 03 cﬂ_cwrgcg.c\;[ﬂcu:@é fo¢ sueeve

"ﬁm&?e”ogi'n? “‘g"g’w’:"é" SLEEVE copScaoomal PLUNGER 0pScopd: BARREL 320C ! méod%?

[g8q0e5n ajjaeS:es "Euxﬁﬁﬂeqvmwﬁ:r’? Goé:cd606) CYLINDER 2§, 601§ 60 Bwspd P

o3 c86:385:8Ca0p5 1 CONTROL mcnm? LEVER (8 ) QOVERNOR g€ so053305conig) ENQINE a
2 3 4 5

SPEED 0% o%:n?é:cmé:.}ﬁ@émé

ﬂam’a

&

Beglnning of End of Beginning of  End of
injection injection injection injection
Under maximum load Under light load Mon-injection
DELIVERY CHECK VALVE
R T

INJECTION Punrmeﬁl:qf[:o%_cgé INJECTION NOZZLE o3, s8e0:3[5¢:03 Bogoyclesen
[905607058Eq§ DELIVERY CHECK VALVE o7 @03:(g30aSn Gogé PORT AND HELIX PUMP §
3§:[gje200 CHECK VALVE o3 cul[geontaonSi c: VALVE SEAT 3¢ olofewn c3ucopdnps
VALVE SSU[[:; P(gd ca0aEgode) BEod MEOMP VPG BABEN6Y [OjopSaonianpSi DELIVERY
VALVE 86603 meomgoogng 203 SEAT § SPRING mofad c888&e0nd [Boodoonis) céal
camadeadopé RELIEF PISTON §¢ aSqp: @0§m$z§:aaa:$§agq$ (:tm;:qp:‘gﬂf%l=wéjﬂ jm@‘;
%3/403¢ VAWE T SPRING Tifg¢ VALVE 2005 ¢ SEATcolop¢ 3 Eas(5: NOZZLE of, 550,

! ' { — B e
2 i L9 ) DELIVERY T | osra el MEE N

VALVE
SPRING

| DELIVERY
~\ALVE

DELIVERY
VALVE
BODY

RELIEF
PISTON

DELIVERY VALVE IN THREE POSITIONS



http://khtnetpc.webs.com For Knowledge & Educational Purposes

> $:n§BENSacSanSeys 5

0160328103 BoSconi0pdn PLUNGER ¢ 380mifu¢ sSewideaoms] 8§5mni§enon Bupioy.
VALVE SPRING & 03§ :720:03 04 03jc 6) VALVE 03 205 ¢ [0360[0: INJECTION NOZZLESS covsd o,
S0y euia0pSn i MIQH PRESSURE FUEL o} 05 NOZZLE 3§ GepoS{e) NOZZLE § vALVE o,
,n.o:‘é@: CYLINDER 03¢ 129, Sogieuiop i PLUNGER g BDeui g @ﬁamnﬁn‘in’ﬂmaﬁmﬁji
(END OF INJECTION) 03¢ CHECK VALVE camndc:y 8§ Smntoyaotiagaqunat fmsl SPRING 2
p§:3t6[03n DELIVERY VALVE 2005 GE:@ mapCay, [0§copSeg.aqpiepope VALVE @ eamnn’§e:d
RELICF PISTON 2005 &M apcopda ég}sme:ﬁummrﬁ 630m R 853 pS 1 (suStpodcdad
6200 srgo?mé o RELIEF PISTON &) cnosssncnonmmnm.;é VALVE BODY m0p¢: sgeqpas
STROKE o3, e[goadefacsé oppSoopd) cx:{c@oc VALVE 05§ ¢ NOZZLE 30 aSc3é: ooogr
sncnrnqrr: I’RLSSUH[:mJaoc ebiel [;3 s eo: Lw cqjc[:q:go @mcmmap'qmgu

DELIVERY VALVE 03 m23:[08¢ (0§ MOZZLE 2§, 60:8 co0o sB0woma’ modmoy (60
com0>§Ewpd=[0E NOZZLEG COMBUSTION CHAMBER 3209199, s04qprecdmadod u3d:gad momu’
:&J‘:\_Eu

DISTRIBUTOR TYPE FUEL PUMP
DISTRIBUTOR TYPE FUEL PUMP §64j:§002: 2d:(0320p5n gé:03e0
() HIGH PRESSURE DISTRIBUTOR WITH ONE HIGH PRESSURE PUMP

(I} LOW PRESSURE DISTRIBUTOR MECHANICALLY OPERATED NOZZLE

% BiEoess
(I) HIGH PRESSURE DISTRIBUTOR WITH ONE HIGH FRESSURE PUMP

CYLIHDEKméc\?:gsacgng PUMPmén?:ga}:Gmmér“éqp:oaé CYI.IHDEqucsi} o?aosm
POWEK q§coqs CYLINDER woied:ad, pgieonn sdownanso:id qf cgmSeoepsi

PUMP qig05.03¢ 11IGH PRESSURE METERING PUMP 4¢ DISTRIBUTOR 03 03605323:(g|
) CYLINDER gqp:o§, oS[efcoea00 gp5:04803 Bay:[gieomefo3nl: cog qupdn gjjgpS:egdapd
PUMP 5005096 ¢amog0d opdoqjo§odqpign 2005392095 1 93 qpoge FOUR CYLINDER ENGINE 0@ 0y:
:ﬁo'grrc: clé: PUMP o Becaial Gu:@_ﬂﬁé@f}méu

¢Eimqjimeo; PUMP qpiasqard INTERNATIONAL HARVESTER'S MODEL B DISTRIBUTOR
TYPE PUMP 3aqj 500:03 $og¢€ cul[GaomaopSi gE:3¢ PORTAND HELIX 324]:32@2: PUMPg CYLINDER
m:o.?::‘uoarﬁ agommn% o%é:agoﬂ DISTRIBUTOR Bl.OCKﬁ MANIFOLD 3$_ |‘$_GU:_:OéII qcf:a?_q
moé  caM6¢ cwaliglco DISTRIBUTOR VALVE qpia§, cqpeS§os INJECTION NOZZLE o
FIRING ORDER >0 co:(‘iméu

() LOW PRESSURE DISTRIBUTOR MECHANICALLY OPERATED NOZZLE

E103€ LOW PRESSURE PUMPg CYLINDER qpi3005 c3mdea0o Bowomod o3é:ag08)
DISTRIBUTOR :% §eor0pSn gé:9mé o§mEeon CYLINDER § NOZZLE qp:o§, co:§ oS
CYLINDER 2203¢ 393, 601§ qq$cg9e0600 HIQH PRESSURE 0} NOZZLE :a0g¢: ﬂ FLUNQER 520: CAM
- BE ool 4RSS afwed



http://khtnetpc.webs.com For Knowledge & Educational Purposes

3-8 S:opi8Eai8acSonded >

¢ogé gE:mgf:m0n: PUMP 0} coS[gooninpdn OEAR TYPE rzsoo PUMP 2005 ‘:Anrr. 4
Bqp:03 VARIABLE STROKE METERING PUMP 03 §coze i qé:q‘ SVEBEC mum:ﬁ G%C:cqjﬂ
DISTRIBUTOR o [g05¢) FIRING ORDER :q c3asSearn NOZZLE 2§, eepms§|e4caod Bypioy  CAM
&l op4:amife¢ NOZZLE 370353§ PLUNQER 03 3§00 CYLINDER :39035:33_ Bogreorad

OPERATION OF FUEL INJECTION PUMP
Ik

INJECTION SYSTEM 03¢ CYLINDER o8, sS060:5¢:4¢ mag:005(8¢ 142 cedee oo
cfeo03qs jmeonadn o§ o0 SBfeont:gfgs (ATOMIZE) 2§ By:(sdeng) w0foo0mGemo
a8qp: CYLINDER :cp¢:ad BJoyséry omoguS§EevepSn LOW SPEED DIESEL ENGINE qpropc
FAST LIFTING CAM g0} 3203:(03¢:(3§ s30c0:BE:5¢ mad:0053¢:03 aéfedeons msconnizm
[¢@e205c0n5: HIGH SPEED ENQINE gpiog¢ GE:aaq]:300: CAM qpia} mad:efg§ ceon

PUI“[PG'}(-&:G;GYJ: Goﬁcuﬁqp:qp:oaa agecuzgé:'(a%) sgsu:ﬁ a'aai::mcr%@tg:r)% (\ﬂé@écm
9% $5: e 233:(0[B0pSn o pogé @), PUMP gpiogéaon E:mguadsdrocd: ayébige
[s0¢[so03s0q5 (00963 < aa3oe: cop §aqapSt caM(GE cend:Ee00 PLUNGER qpioopS CYLINDER
3903¢§=§ PISTON cg.cqp:aoé@é:c? :scoTas_ wmn%ﬁ#é &;:Gﬂg:sj STROKE &) méon%craé PLUNGER
sﬁswcqié‘?ﬂ :?}Eaéa{a:@éméu qé:mf}on%xf STROKE &) sasé:agr!%ﬁ m@é:@é: c.’.:agozeugén
acofcﬁaaéqo qt'f: Pmrmq?l:mmzoaé CYLIHDER:)% t;u:?g_cmaﬁcin mmoaé%:cng:ué@é =H GU:(?_(E
33712 039200p5: 6§i603:0p5 [0S i @)j3qj054 63)05003:2005 INJECTION SYSTEM 0p¢ wod cuo:
20660

CONTROL BY PASS PUMP 3a¢(:3200:03¢ s5060:9¢0 PLUNGER @ 69, 0qpigIeulHonas
e40p5(98[3: BY PASS PORT g¢ 20054 sSeorg aycledgo [GedeomndagarepS[ad oS

CONTROL SUCTION PUMP 3q{j:52@0:03¢ SUCTION VALVE 805200546 s8c0:3 ¢ cgé[of
golgdopSi PLUNGER STROKE 3aag :aqpodcg)€ 8860:8 ¢ (G:a9:B[0d¢) Beo:fy Ped:005(5¢: egrcog:
ogSGBen

VARIABLE ORIFIC PUMP Q)¢ SUCTION FORT gpiaf PLUNGER & 880805 50058¢ agc[od

g Boco:a:[gdepdn RELIEF GROOVE 2005 SUCTION PORTo} gEcg050p54¢ cqé(afgn ma:005
epS[edo0pS

VARIABLE STROKE PUMP s';eiﬁ:aam:aag Bocorgss P:003(3E1¢0 cg:e03:2005n

rl

n

PORT AND HELIX %2qj:3e@0:03¢ PLUNGER STROKE @Y 1/30005 ccqpgpSigo s560ig dagjod
B0'coigopS PLUNGER &l woycles s icaaqpapc (@d0pSn omo§ Bocoigeé BmGrawodgaas
PLUNGER &) 88 PORTqp:03 0 So5§j§4¢ HELIX ¢o PORTgp:} gécﬁn%mémﬁ@quogé [6dcog)
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CALCULATION OF FUEL QUANTITY REQUIRED
0 __< Q [*] C e
C\?GBOGQ)OGDUQOC‘DO?CQCDQIG)EC:
DIESEL ENGINE onBadt0pS CYCLE 096§03¢ CYLINDER 0000 :mogm a3 306207
c L= o < ’] - Ly cov c
GOYIC OV LAWY GIFOMU IORNUIAR@Q PIZCIRIN
Q- 454000 xbhpxbsfc il ot
60 x N x sp.gr
7567 xbhpxbsfc

Q- {m-m)?
N X sp.gr

Q = Quanlity of Fuel per stroke of pump in cu-millimeter (m-m)3
b.h.p = Brake horse power of one cylinder

b s [ ¢ = Brake specilic fuel consumption ( Ib/b.h.p/hr)

N = Pump speed (R.F.M) or injection per minute

454 000 = volume of 1-lb of air {(m-m)>

1. FOUR CYCLE ENGINE o8 aj:20p5 1000 RPM § CYLINDER 0060:8¢ 100 b.h.p q§oopSe
BmuSq) bsfe0pd 0.454¢ econlenadel spgraops 0.85 (366205 INECTION :ob[Bémoz0s o
06207 GOraC eEB0EImOg ol

7567 x b.h.p x bsfc

N x spgr
7567 x100 x 0.45

500 x 0.85

Q = 801.2 (m-m)®

APPROXIMATE METHOD FOR NORMALLY ASPIRATED ENGINES

piston displacement (in”} x volumelric eff:
Cu-ft of air required per cu-fit of fuel

2 DIESEL ENGINE codadiagé CYLINDER opdog:al PISTON DISPLACEMENT 205 100in
@5@ VOLUMETRIC EFF: :‘.\)é B85% E}ﬁcaﬁ IMECTIOHmE@:Ssacgﬁg C\%mﬁcm GO @0ES VWD
0%51‘30'111 :

contenad 1 cuft 20p5 Goo 14170 cudft cﬁmﬁmén

o piston displacement (in®) x volumetric eff:
Cu-ft of air required per cu-ft of fuel
Q -100 x0.85
14170

= 0,006 in®

= 0.006 x 16387 = 0B.4 m-m°

EE—————
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3»a0050l3e6[garq NORMALLY ASPIRATED ENGINE qptcgé 14n® PISTON DISPLACEMENT §o¥e:
Sowsm (eS:me 1 mm? cﬁmﬁ@é;ﬁqméu
100 in° o3¢ 2§ 98.4 mm®
1in® o3¢ 3? 1 mm® (approximate) c§
@meoasolmelgoape) :(Eo: NORMALLY ASPIRATED ENOINE qpimcpas c§mdaos
SISOG‘DGDQ% Ogﬁgqlﬂ’ggéﬂ}éll
APPROXIMATE METHOD FOR NORMALLY ASPIRATED ENGINES

FPa + Ps
T 147

Pa = ATMOSPHERIC PRESSURE PS] a (CYLINDER)
Ps = SUPER CHARGING PRESSURRE P31 g (MANIFOLD)

3. SUPER CHARGE (5098205 DIESEL ENGINE 00d0j:03¢ CYLINDER 303&: PRESSURE
[~

14.7 PS1§¢ MANIFLOD PRESSURL 5 PS1 g (366205 PISTON DISPLACEMENT 1 cu-in §6205 CYLINDER

0605:3505 INJECTION 08[BEpE Smden Boeomoy gpoli

Pa + Ps
14.7

14745 197
14.7 14.7

= 1.305 mm®

‘I’n ofther cylingers
4

".ﬂ,“ Ll LT o

Norrie
- O

Aatering
ond

O

) -+ pressure
Disteibulor block pump

Control
rock

ams Com
—1 |
Primocy pump --==

3,

Diagram of High-Pressure Distributor :
System Diagram ':’;‘_1;:’;;1’"55;:“ Distributor
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ENGINE PERFORMANCE
FHx
WORK (2cq3)

FPOGIOIF NP 4Py R[Eo1Se4 Y, 6, qpragRiey)S Yy aal0as s
opdal UNIT o} FOOT POUND (FTLB) (o€ celfoaopSn pows- 3B soviesm ogadiondganas
m(6¢ 2 12§, gEonadamulm géialmeyd = 3B X 21T = 6-1T-LB (62051 BybaGooaSen
ogpd:qp: ©,00E[aE1 SPRING gp:8amicoiaé SHAFT 63 copSucsee(se: @S qpifasnpdn
POWER {ascqgcqét.;:)

POWER 3§ 2008 ¢ mcpdepeanng §:03 eslfaé:fudoopSn [§E:ondenmad (1HP) @) mays
660044195 0I0840mO3E: 33,000 FT-LB[gd0p5n of 6[030¢ POWEREN UNIT g0 H.P (6205

-LB
HP tEL PER MIN

33,000

D W
33,000t

D - 0gp3:6g, OqRIIoI6ODROFITCO:
W - 0g5:3600:3)4

t = GogpS: magomsors], egomind [eomg)s

SuEn - 5000 LB sowieaoougpSiqpiod 3-MIN ot 60-FT 2§ o9 yorcociulon HFepSy)
D - 60FT, W = 5000 LB, t = 3 MIN
Hpp DN
33,000t
60 X 5000
33000 X 3
- 3.03 HP

nEqiqpra sl 1P (3¢ colfofedopS 1 HP oo pSs mEqce ogadgimg) qfeoo
LILP (INDICATED HORSE POWER) upealopSn mEqiéy medonmad maj:{ogqendn HP o} B.LP
(BRAKE HORSE POWER) Uy cal20pSi eudcordumimeqéqpial B.H.P20pS LHPel 70%¢ 85%
WofaopS i oygearad 4 §iqpige yodge(omng a3:g:(8€H CYLINDER gpiacye: crogé:q[ac:e¢
Bfgoieon nEqémBoinéiqpy Bepdoydaeasnefmng aradigigqpicfosod[edaopd

I.H.Pa% cmomol FORMUMR@(E Uarﬁogcggémén Yoif
!’_M_HH_ A3 e X
33,000
P = MEAN EFFECTIVE PRESSURE (PSI) (PISTON culoo obeepoicaromnat) |

LH.F =

k= LENGTH OF STROKE (T) ( STROKE gaq25) ; ~erat s Ao whip 3

For Knowledge & Educational Purposes
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312 S:opd:BEai8aclondgl »
A = AREA OF PISTON HEAD (I )( PISTON & o83 ozeagjud)
N = No OF POWER STROKE / MiNt (028846 303&:q§ e00m20:)
K = No OF CYLINDER (CYLINBER 6q20305)
w0y BHPO} 08:208gqp: (PRONY BRAKE) (3§ 05:205g) ogadep§caops
2x RNW
33.000

RNW
" '5252

R = PRONY BRAKE co50532q05

B.H.P =

N = REVOLUTION/MIN (0358 $8copS 005§ 4:)

W = BRAKE SCALE sul 2003 espodeaongwa:
ENGINE TORQUE

éql e gsiama? copSuodglad co:dpSi §epoge wnéqifeé:emmicqmlopd mcql
& 358800 gSiamt (o§) §:§Ecmm0f TORQUE pealopSn G UNIT 63 POUND-FOOT
(LB-FT) @E @:néu

0&:206qj0d qiaa6) HIOH QEAR co0oé1645)6 03¢ Bl mocdeq 1800 (23) onog28ayC
30 8¢ condicsf§0pS mypiad: TORQUE ¢o (208-POUND-FOOT [s05n GEr00m TOKQUE §3&

’ qp:c\%r.ﬂm QEAR maﬁl:qp: Ej@é:rad?:@luﬂlm TORQUE@:%@::@J@;&?:E@E :u&gu

COMPRESSION RATIO

PISTON B.D.C 03¢ §eg0p cpoopSag PISTON T.D.C 03¢ §eg0p moopd o} o}
COMPRESSION RATIO 17 @al20p3 I T.D.C 0gé §j apoopSa} CLEARANCE VOLUME upeala0pSi olo3ad
saéruéquogé COMPRESSION RATIO ¢0 7:1 & 10:1 MDD r?’l:uén 8@053954'1]5035% 11:1 9 22:1
w3 §wpdn wqceamodiagdaops [a€:eomnieqmenlyornd f) COMPRESSION RATIO gp: efoad :cdy
Ll E&SGOT‘JJEQH

TORQUE = F X R (LEVER ARM)

T(LB-FT) = F(LB) X R(FT)

0,307 TORQUE §¢ B.H.P 20035305g¢> samadolmaic:fesanns

™

B1F - S50

T = TORQUE (LB-FT)
N = SPEED. (N-R.P.M)

Belois T -2 GE0pSy

. BE miqle modaydenfiéiomadeqymoy BdesTomemondqial TorquLed
sa0del gdarigpiaé eulfgaomaopsu
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- 1 | - 150
torouE | =]
bt N
£ 30 N
* A AY -
Y HORSEPOWER -
- V% .
£ 3
£ s 150
a :
1000 2000 3000 4000 300
ENGINE RPM
Note varistion in torque and horsepower as engine speed
changes.
MECHANICAL EFFICIENCY

i)iESELméq]éqp:oaé Dgn%q[n‘gf_ﬁ qﬁcm‘:@é:cmécq I'.!l,l"ty:.r mqémmug 3'3:115:@@
qe200 BP0} opofeigypif s DIESEL mEqé qpiogé PISTON, PISTON KING §¢ CYLINDKL 44
qp: god0h05e8[3 11 BEARING qpigabo303(a€:n VALVE qpig ¢ Sada(a i INECTION PUMP 4& NOZZLL
qr0? eual:gEqac:n ENGINE OIl 4& WATER PUMPgp: end:4Cq(3Ei4¢ SUPLK CHAKGING gpimeoyod
3o: ai):@:ﬁqp:ﬁmén cx%n“b':x% mngﬁagéqm{p:cgy)gc m:at}:ﬁ:??t{)m1é:n3 MLECHARICAL EFFICIENCY
[6¢ coTlooopin Seudméqiéqpial ofm{upd obicantgjsnpe [sdeoleaos MECHANICAL EFFICIENCY
¢ 704 BO% aqc;_ %:\Jéu

B.H.P

MECHANICAL EFFICIENCY = T X 100
.

ogjmEqcudypiozd godgalnad 3:giem2 [Eie07aC 6q (FKICTION 1IOKSE POWEK)
o 90pg) BHP 0} gaSgodpcaady

LH.P = B.H.P + F.ILP

mq?l_cmm15£m&m§wzcaé cmagr_ﬂsacr%é: HORSE POWEHQ{D:O‘% oamv@a)én

DN

R A.C FORMULA MN.P =
16.13

DISHR

DEMDY MARSHALL FORMULA H.P = ——————
200,000
5=STROKE IN CENTIMETER

D = DIAMETER OF CYLINDER IN CENTIMETER
R = REVOLUTION PER MINUTE

N = NUMBER OF CYLINDERS

A.CUPORMULA | H.P - 100 C.C

00333045 (FUEL INJECTION SYSTEM) efl oyScsonéqodqps ‘
. SouSnEqEmey: comigomogBogdcons cmnndesl|iulmays (5) gasad olofamad”
 pSes0naiqaoadn o gaon comligdcdo gfmeeno 800538046 (INUECTION) Geasn _
- L SecSs8oermod mBmaycBEionB: B5E: () CVLINDER ;rScy:gdondegs

(s) creLe ndry§ondy mpecimps: oapSqepss
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BRaSgeoné [gdeoTeonmm: (POWER) pS0ps: oppdwpSn Re[mé ecdmeyim(odmciad
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z.agcqqimicmanﬁiogé SouSaug:(as: (TIMING)
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Delivery pipe

Deliyery valve holder

Infake

22y Delivery valve

— Barrel

Ef t
+—— Plunger ] SIREn

Housing

Plunger spring

Control slecve

Plunger vane

Plunger guide

Sectional view of Robert Bosch Type PF pump.

Arnerican Bosch series PSJ fuer injection pumg, with external timing device.
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Schematic diagram of American Bosch PSJ fuel system. A—

Injection nozzle. B—High-pressure fuel line. C—Overflow valve, D—

Injection pump. E—Fuel tank. F—Primary filter, G—Supply pump.

H—Operational hand priming pump. |—Governor housing. J—Final
filter, K=Fuel cil pressure gauge, if used.
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Internal arvangement of Bryce *S* size injector
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Internal arrangement of Bryce *T' size injector
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CHAPTER

Turbocharged marine diesel engine in dredge.
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[ IR =] [ < 2] L=
{1} BLOWER GuOCI§Cap TFonm aacrﬂcgﬁ EXHAUST (U\S:ia 42223 11
(2) méqte POWER 33::q o§d) B.H.P odeply oionadopdy

(3) scogpigacu:d §Efa POWER m(0pi o q§o0p=(UE PISTON, CYLINDER 4 PORT gt
.;sa:cu)géabéu

{4) cméma@ :rao?.gmnﬂ mrﬁmﬂmén

méfﬂéméc@:m: BLOWER qul:qu: mﬁmémé:m&p cawoso] POWER OUT PUT Bret

Aifoops s
RECIPROCATING BLOWELR - 2500 - H.P
TURBO CHARQGER OMNLY - 2750 - H.P
CENTRIFUGAL BLOWER (GEAR DRIVEN) - 2750 - H.F
SERIES TURBO CHARGER - 3500 - IL.P
SYMBOLS
E e S 2 b L

FUEL INJECTION PUMP SYMBOLS - gp:ccpaxnae:
FUEL INJECTION PUMP gpiaacfodnt: moguSonoy 28§8Eqg PUMP @) conicpc ulgjeann
T c c o < c L3 3 oQog <
Eopsorqeioy sodepmpdfacilse Sgacapdy
»03c305 INJECTION PUMP & sdcobooyp:
pows - BFLE-61 70 N 320/3 5 144

-G8 cecgeonfpd len-

B P E 6 B 70 N 320 /3 144

= [88y8Eeopégepda0pd

- IMNJECTIOM PUMP

CAM SHAFT on6a0¢7e0d:{gjcomia0p3

- CYLINDER od:eqedzopSi

PLUNGER STROKE - 10mm (A = 7mm, BE = 12mm. Z=12mm, C= 15 mm)
70 = PLUNGER @ mqjé:@gméu

= @ m T =
I

PUMP &l mq?lmam:m G@cémﬁcm o @5méll
- o[Emmc(adad meapyp:

2 ‘
GPOD§: = CAM SHAFT m¢0572202:4§ FEED PUMPoloul
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100 =  CAM SHAFT :9033000: 0lo3 (1) eaScon:§a0pSu FEED FUHPmGaoéq$ mevladeol
200 =  CAM SHAFT 39053200t $0105 (2) 60500:§20p5 1 FEED PUMP o03550¢ 9 mecclaSecl

300 =  CAMSHAFT 30530040105 (10300 §oopdn FEED mmﬁméq@nwﬁ%rﬂoémér
400 = Wsmm?agmm:.§010§[2)u0§mﬁmén FEED HJNPmﬁaoéqg;aaeoqo%LﬂoEméu
00 =  QOVERNOR eulu
10 =  QOVERNOR 40loS (1}005&3::‘ onbsoéarmanpdn
20 = QOVERNOR .i;o']o% (2) ngogé mﬁmémmén
0 = TIMING %£5m[e¢ 03§un crdsocmany:(geon:(acequ
o | - TIMING 33@5_93@5 aggim (l)uogogé mﬁmém:méu
2 = TIMING 3[R 03U (2) v050pE ords0caaranad
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144 - qé::oé :@:3.3390305 au?ogu'hl cqo%cqﬁaiaaoan'g qp_ggs:angfé ogé:mq@mcarﬁ
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GOVERNOR ::ocrfwcnqp:cr% cmn%o’]aao%é: Eomcu:ﬂ §Bo:m:aaéu
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B = Bdgeed
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NOS = IDLING SPEED OF THE PUMP (R.P.M)
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‘B =  PLUNGER STROKE
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‘E?ﬂ*‘ﬁ]mﬁ‘i WO60d mcmgomm "ﬁl cﬁna:ogm [:q:a:egu
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Timing marks are transterred to the coupling.
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@o036ul[gul OOVERNOR mdj:3eo:ah Weodongs B EP/MN 80 A 144 [sd2050
qi03 We0:8053(0§ag¢ G330l BmoYE: a0y qaopSu

B EP M N 80 A 144

B = Bl
EP = PHNEUMATIC GOVERNOR
= DIAPHRAGM TYPE

N =  IDLING SPEED §)$p3q§30305 (662005
80 =  DIAPHRAGM & mgc: mm [ad20p5u
A = 3gudmen (PUMP 3¢ 0ne0dmad:(gngmagadadcdas)

144 = 3;610935:@0%1:1;390205‘;6 Wﬁwﬁa&wgcﬁmc&rﬁ%ﬁméu a?:aaawan%aaé@:o;

qjﬂ'g @U?O%GUII

NOZZLE SYMBOLS
NOZZLE &) ::Jrac'rﬁmqp:n% c;:ﬁr:n%ohao%é: cq:gm‘coo:mén
(1) BNDJ30 S 2
(2 B D LL 150 S 523

T 0 Loy =% Ca+ 0 € <
C'C:O?_fﬁ Gmmoiﬁ?ﬁ?ﬁ: UDUHEGO'JCOC)::U&II

B D N 30 5 2
B = Bodoyys
D = NOZZLE
N = FINTLE
L = HOLE

LL - LONG STAM uﬁ[@: meulodgprolean wq?l:sam:@ﬁméu
[~] C e @ < < <
NOS = W03 NEGIC @mman i

STU (OR) V = NOZZLE HOLDER o3¢ cu5goopdmac:fedpd
NOS - RA3cpSopmogaded ogpdigruqsmoge’ [sopSu

1. [Bo3ag098 PENTLE NOZZLE meff:men:ed(B: Bo§:50§0p5 507 [og) Barel @ 23Cr¢0
25 mm (862051 (2) 0ng:0pS oSS RyTeRes Bmeq:(Biea0 BoSoi(ganpdu

2. [BBayepSmecladypicarn mimen:8dS: sSu§:808¢o 150 [ség Barmel 3g)¢:2005
25 mm [gd20p5
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NOZZLE HOLDER SYMBOLS
1. BKB 35 S 24
2. BKB 35 SD 51

3. BKBL 67 S 503
&9 13‘3 C' [B ’).“.; 0%{')3’3'3)'_\’:!}
qe: U?l"l'? c::raomu O? [_ s 0 )
B KB 35 S 24
B = [BoBayaud

KB =  NOZZLE HOLDEK
NOS = Barel  mqpd mm
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(seguSmon: D’ afcano 29o>m0t0log)é DELAY NOZZLE Uy 20059056005 )
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FUEL FEED PUMP SYMBOLS
e
qt‘:’:o% cmn'gcﬂgaor%é: waég‘@o:mo:méu
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K = PLUNGER TYPE
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L STARTING SYSTEM )

SauSméqé2pS Ymoypd (B BEq djlgd2pSn qE:mEqcog CYLINDER
o€t cogprayEfact conlonsdosicoiacigé Sicantagimays: srugésd Beoy B Sieanis
e300 coScirgp: cpSeant qupdn a3 58, cpdegiqp: 6ematcanmi Qi el ooncdiqimoya’
[BEog mmcndagec CRANK SHAFT 08 opplcu:§cgonn o05§:epS(gdospsi mmudq) §:epapd
[ ogz:0p5 5 i€ §:§EccnnSenn Boodaps cypi§colm §:0p5[gd20p5n BocSepSegolm
Smbearn 2Q{§4¢ ccoqpieq§fce) §ropSemyadeon §:§Een Buodqpdgo @CqCa SIZEsS
pEsian eoTogé gonpSopSu SeadSmqind §:9§:4p5: cl:qj:§oopdn GE:0940

(1) HAND STARTING

(2) ELECTRIC MOTOR

(3) QASOLINE ENGINE
(4) COMPRESSED - AIR MOTOR

(5) COMPRESSED - AIR ADIMISSION &3 [e6(0320051

(1) HAND STARTING
ndop:ad: Seadondqpiad coSeondanday: BEqécadmy).03¢ oosypienlodod(eé
3 9§:(32a5 1 Seddzaclqel COMPRESSION Samgo qrioaé GE:83mi0005 soqPegdemnd
SEPECCR TR RLESELT Be[mnf Bmlqlypog VALVEgp:a} g¢evie00 VALVE LIFTER ¢p:
om0 djeont0pSn oeS:go VALVE LIFTER qp:io} o'f) wEqE§:§Esarnndenn mEqlmocia
ccpa%cméc\;é@: VALVEqp:o% @;80’5:@@ méruén% g:q'_nén
(2) ELECTRIC MOTOR STARTING
coSeodundBEqEqPig§ M 005(3:qpiog¢ ELECTRIC MOTOR 6¢ §:(mopSn eed
covdungmEqEypicyE 24 - VOLTG 32 VOLT 308 BATTERY 33:(o3:qp:(0¢ cgjSedeqoqore MOTOR
a3 o9pieo:BE:aS §:0pS1 maj BEqE[oB:qpiop¢ DIRECT CURRENT EQNERATOR 4po3
5EqE MOTOR g0’ :23:(0)e) §:fo30pdn B[oc 005§ ([Biqpiope nbaoéen BEQE[B:qp:3
QENERATOR gp:cd cent:¢éeod: agdodam:a} quaooniaopSu
(3) GASOLINE ENGINE STARTING
»g), SedSnEqe[Biqpiogé clodaBonScaScmdegid EQEaRE a0 conr0pd
SlSBmEqécad SHAFT 4¢ SeuSmcqéel FLY WHEEL PINION (o€ fodm0Saon0pS elo5ad
wEqead 003(35§:d) SecSniqes fodoaSom §:5E:8d0pS: 300Smiqé[B:§:ca00ms] 01058
. »Eqésé mYmenqpadmdinyuSgodconadeo:qg 8oScon0pSn Bw[o¢ emic2 P3
' 4P g0’ dSBnEqiaeqcdc:4§ MaN SouSmEqeaenadc:ol, sondoguScmapifad SeuS
nEqE(Biop PREHEAT o} qfcoa0pdy
(4) COMPRESSED-AIR MOTOR
o3 AIRMOTOR o BSendqmopé: VALVE qp: ¢l§aop) ROTOR 0} onSaoc oni0pSi
cE:03 Bammrgqprgn Yecgadaonienn TANK=GgE g GG eenc:géaopS BecoBamrqfeoqimeagod
COMPRESSOR ¢ G0 :4Ec0:0pdn ]|, SecSnéqéami(oBiqpiogé AIR BRAKE SYSTEM 233:[g]
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¢ RELIET VALVE SET TO

REPCENT ABOVE DRAIN LINE
WORKING PRESSURE

MOTOR DRIVEN AIR PRESSURE GAUGE
OMPRESSOR
C AIR TANK
SHUT OFF @*
VALVE BLOW-OFF VALVES
DRAIN LINE

ENGINE DRIVEN AIR COMPRESSOR

DIAGRAM OF TYPICAL COMPRESSED-AIR STARTING SYSTEM

Moving core Engaging magnetic switch
Shift lever Connecting bar
Center bearing N

Pinion & cluich
Pinion case o SR et B

Pinion stop

< H oo % oo ] '

Pole core nd bracket
Yok Brush
A mature Brush spring

Starter
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2pSu ELECTRIC MOTOR gpigo 0.4 o4 03¢t 180 RPM 200 copd co:§EpSs
(5) COMPRESSED-AIR ADMISSION

GE:14p5:0005 MEqE[Brqprogé FmadigpraopSi cdmSeann Samfecogpiad méqeumt:
§oSmoé TANK gprope o§eogaloonianpSu Eqé 1IEAD o3¢ AUTOMATIC STARTING VALVE yp:
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VALVE 2005 60003 sacdascaqpod ¢S eoaci[e PISTONGS cawnmdal [04s0cicompsn mEqémns
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MYFNOie0 MOTOR (6§ cmé:‘?éméu MOTOK m@ﬁﬁﬁm slodadmiql (53) aas méqcy
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1. Use of special fuel

o308 sdgprmagdion Bapiqpican $pSicubiondgys Ethyl ether o Eqemagiog
v§:23¢:9) B oppS§reomnypSingd [soa0pSu ether 20p5 Petroleumsg cqogoggé:uu?ogﬂ
ooSofiEmpds mofpaoodespodgefeq ¢E:00p5 cguSmge Weg§cy gc:e ignition tern-
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Ether 3> instrument Pannel o3¢ ordaoéoonicann Can ndpmBaRE: copd g&:9)
instrument Pannel g o34:083:(8: Manually o5§:286:g) Air clearner (28 eupo3) Intake
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COOLANT HEATER o225:[50002428:008:

Heating The Coolant

g1 2314016290 Qé:mﬁlwﬁﬁn Engine coolant (cooling water) moimqevieanogpdicod:
82005 gErqpSia smodigieanmqadeo emianoalopc mEqEyoeamioys) wcoéalmogéiodaspad
ccocmipd méwﬁo}_a@eé mmé:ﬂjiloaé mdagesosegpadyp eybols Oilsumpmqaé‘:qmé,m
gEimopdif cqped qpipé epsgoq) Dilution [88[3¢19 moageS§c[acifaaoopss

wéqéel cmondoas(ad evyos)emivaiogd water tank ;dgeonifg) geitank mopdi§ aqyypin:
wéqémcgt: mpduoieo[stifes ®E Qe wo1PRELIDPS

cqeapr copdoos§<qq Thermosiphon Circulation gp5:c08:03 2331[gjea95c0p5:: pump circula-
tion *é:mﬁza?mésm:%:@ﬁémél

ELUTE méruéaaogé: oécqnngméumrqi. :néqléﬁ Rad.ialorht}sc(a?g.m.qug) cqu?cﬁco'lé: (Drain
Cock) o8, soadagudq) eqqupic§copiogadangd wdisfmodiod Cylinder head § water jacket goi(gé
soodoguScosopds water trank Do § cqyprmyeoiqs Propanc gas (o3 evpad) sconen Bajmaiigpopss
niqéadyoiconicado mopoapt (2§ ewped) mEqidiqgadminnpied odwé majilg@canads

wod2ecdad 4pi[gorgondenicncyepypicpé  Boiler mopé: cqqypige s§ecyads) Boiler g
cqeqpioy JodcdciymfsE wnjypiafsondayuiodendy wojypig(ogogaian exocqypimn: Boiler
wopéiad, [B§copdotepaiceg) myeoianpSe

aoﬁllmc‘:qéqugé Air healing system [@¢ chu:cm*ém*an% ma.}:@@ cmtiqp:n% crank
case :aaogé: iog:\gé::oéi cmqqo:mé piston cﬁcmrﬁ{:ésﬂo:a{ méuﬁcmﬁﬁcc@é:@é ca"oag?:'_f
wiqimnmqeniel BEqEfiqpogedoyopd 24l cpadfqy B388:§E0p51 B BEqiypioyé
wagagmémétr gi_a?agcm Exhausl gas @5 ?RCOICIZD *én*ﬂrﬁma{z:@lméu

3. Battery Heaters

c:b:c:twspnguuowgé mrrgmslcﬁ effecicncy rrﬂmf::mél cﬁ_cmémﬁﬂ_ Secdmé r“éan-::ogé
:bngmgpnz HcalcrEE ?YCVIG0 *é:aqén%ma{u@[@mél Heater ogé Heating Elemcnlgu‘;?o'lcégj
NoyDmo: GW;GO’J’SMé :r:rrgao?l 1.-5 aong:ngtﬁgj cu%cm%moéauoé:.*éaé modcodmor BQeoiqs
csoncgoigod clement oogma cedeondung qbqe: q4opé 110V Power supply §émqeo:anpd géio} a0
insulator qr::iﬂ mugmﬁcﬁ Gmarrgucﬁagémaczcmaéu cm:urﬁogéogtﬁméﬂ:mgmé:cmoé:

e € <
mumcm:mel

4. Glow plug Heating

Glow plug(or) Heat plug gpimor mEqcel combusion chamber o3¢ odocg :qeo:
caso4p3 1008103 B g [G0pSs gS1o§ 20p3 Low Voltage Heater qpo:(¢¢) ewdeonduwniy »nadod
Eiwqawﬁﬂmé- gm0 cBicNY gt BB crank oopds scpdgés) wEqémmimooiadds
Glow plug migég) mqeoiqy c§mdenn mysqe wEqéaociofiayé gy gcologéqorpsopds
swnoymifeé Glow Plug mor codfdBdogd 848c0038g) madrefgogaon
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caicaSeaon MO SPEED FeuSnlqéqpigays) oy mEqdumel CYLINDER §aqpraa
Elogﬁi cécqu?;#écmo SLEEVE (OR) LINER qp: @5@mén cm:cufmmaaé;ncﬁméruécﬁmogé
CYLINDER BIOCK 52t 23:[801¢6c0ncg) CRANK CASEopé BOLTqp:4§ 0diconioopdi gi4p5:00p5
éqéffeops [Bfoéqpage cgudaplacs eululBE:4¢ mmsmoyspd:EE: §ea0500aS: CLINDEX
yprgooleanmt qé(ofiqpiogé mogfecorcdupSBdpdn ofefmné BEqEBiymaps ey
codeefont:ol grogonpSesandaogd Sifgo: CYLINDER:Bch:80d :Eqiéags ndsoémmay:(Gfmmoss:
LINER g4p:3 (1) DRY LINER
{2) WET LINER

(3) INTEQRAL WATER JACKET LINCR §[§cz§éma§}|

(1) DRY LINER

DRY LINER s§20p5¢5 GE:20p5 CYLINDER 20pE:§ CYLINDER §4mled esonlgodas
LINER 0083 3{g6200 copd ooorg) memicuiosded mqpdadoiodqaicdaoy g v§emo LINER o}
GaTméll

(2) WET LINER

€140 CYLINDER § §@ 0200403 csonl gmdaopdm(oé memicuiogdel :apda¢apaiqas
Beop,9§0m cqagarcudic(adnt:m(yd csoodgodean LINER i} ealoopdu
(3) INTEGRAL WATER JACKET LINER

CYLINDER & g3 oqaao:mé:e@oé:u'i H:oé@cqﬁmﬂ qé:oi :né 23aot CYLINDER
%fdd sa0olgadapSi wEqEogE CYLINDLR BLOCK §¢ CYLINDER HEAD o} [6é p3Sgjqésr LINEK
4picgé FLANG [gcpSe) BLOCK (o§) FRAME g BOLT 4pifed d:gigé: ovpdesoondaomixopd

GE: LINER 22§:Qe00 mEqéqpiogé meamcuingd copSolodqg WATER MANFOLD
40} 233 [omopdn ¢Emdqlypagd eqmad mEqE BLOCK () PRAME ¢ ohio dBegyy

eqeon

DRY LINER 4¢ WET LINER o} §C1095 9103
Seeedotol
DRY LINER 20pS CYLINDER 3a03&:03¢ PISTON e cqprgadalaiear qodgalgeaslyd
w58 CYUNDERmapE: [GBacTaars COMPRESSION §& S:ecneuladjgqpiadol seaondoontoopdi
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: & DRY LINER 00550 €600 mal qyéapé memicuingdys odadoducdeny quofeé WETLINER
@ s Géemngs wogSepdqmasi 3‘98515"1}'3“’8& Baondgopdfedoars WET LINER &: .
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“Dry” Liner

Liner makes metal-to-metal contact
Cvlinder and with e linder casting containing water
Water-Jacket Cast in jacket. “Wet™ Liner

One Piece Liner is inserted into
cylinder casting to form
water jacket

ROD PASSES THAGUGH
um‘nnnnazb PLATE

aiiie ]

|

b
—

—

THI5 MAMETER MUST BE LESS
Thak OUTSIOE DMMETER OF LINER

Disk-shaped plate to pull a Pulling a liner wing u juk,
lines.

g
:d

LINER

iy

e

LG WATERTIGHT wi

WiTH PIPE DOPE ICE

Lift wright so it hits Shrink Bovr-using cold waler, dry oc
wppei it sharply. acked kce.
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(1) PERIODIC INSPECTION MAINTENACE

(2) PREVENTIVE MAINTENACE PROGRAM of[adenn

(1) PERIODIC INSPECTION MAINTENACE
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TRUCK AND BUS P.M PROGRAM

P.M PROGRAM @[?‘]‘;035 INSPECTION @lcqﬁ@:cm 3:30%3’&(%5:%09? ‘ﬂé:mé:m:mqp@o
2601805405 NS: [QipS oo mecqrB:o0p5

SCONY MOBILE OIL COMPANY & Eélugcoo:s::no RECORD, SYSTEM qp:n% Qoaécdr@-:cﬂ:
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1. WORK SHEET

2. RECORD FOLDER

3. CONTROL BLAC-BOARD m:ué@f:f sat?)é:a.?:c?é: r.:']og:oeén

WORK SHEET 255 MECHANIC %005 8053 {363 CONTROL BOARD opé 2065
90300216200 Mg § BYE17(For30 0gESIqpi} 0des0:e] godmbimncooniqg [g6pSn CONTKOL
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——

O - REFAIR NEEDED
X - REFAIR MADE
WORK ORDER

Ift:ﬁ
ITEM | FARK DISCRIPTION OF WORK WORK DONE| TIME SPENT s AMOUNT
No. | o x TO BE DONE BY

TOTAL LABOUR & TOTAL HOUR COST
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[ TRUCK AND BUS PREVENTIVE MAINTENACE WORK SHEET O
DATL EQUIPMENT PRESSENT MILAGE
ADDRESS YEAR AND MODEL STATING MILAGE

i '@ arour a T O — MILAGE oo,

1. Complete Chassis Lubrication
Q QROUP B SERVICE.. ceanisriseisinnisess MILAGE .ocovirnsiiniiniiimmnnnn
24. Clean Fuel Pump Strainer, Carburetor Bowl
b1 OO
B R e e e R S e
Q QROUPC SERVICL........cccccaaueaene. MILAGE .......c.coovieiniinens
| 37. Clean Crank case Ventilator
i 0

O OTHER SERVICES
46, Clean and repack wheel bearing
BT s vonminiiiinis ni s A TS

O SPECIAL REQUIREMENT

59. Change Crank case oil Miles ....oiviiiiiiei
O e e s R SR AT S R
GROUFP A.  Service Is usually done at . |
1000 to 1500 miles. After above work is

Complete road test
and note general
condilion.

| GROUP B. Service is usually done at
2000 to 3000 miles.

OROUF C. Service is usually done at
4000 to 6000 miles.

OTHER Service are performed vanans
interval generally in the range
of 10000 - 20000 miles
depending on condition.

TIME SPENT ON ABOVE WORK .....ccccoiiieiiciinnin
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@ gé@lm;:ﬁ:np 0.0005 mﬂauﬁacumél

34005 CRANK SHAFT o3 V-BLOCK coTopé oné gl ofgod on4:[5¢: §efol DIAL aauat
[6¢ ©8:205qupin B[earedsmig caBgy> CRANK SHAFT 205[5¢: §of odcs0:fac:ul(yd0p5n
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1. ARC WELDING

| 2. GAS WELDINQ
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4. TUNQCTEN INSERT QAS (TIQ) WELDING
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CRANKSHAFT

DIAL GAGE LEG TOUCHING
INDICATOR SIDE OF_ JOURMNAL

CRACK

V-BLOCK V-BLOGK—]

GAGE STAND

beres reFad L LECECCE

Vv blocks ane dial indicator far checking shaft straightness.

The inside bore of the bearing 13 measured for size and
roundness with an inside micrometer or a special dial gauge

Bearing journals should be measured at suveral points around
hameter and glso along length of bearing surface. Using plastic matenal 1o check bearing clearance.

NORMAL VALVE SEAT

VALVE SEAT TOO LARGE
- AND' DEEP . - i

(D)3 CHECK DIAGONALLY
(@)CHECK ACROSS CENTER - .

Oversize valves can be used in cases wh
ere block or head
cannot be bored out for inserted valve sears, j :
Cylinder head and cylinder block surfaces may be checked

1" for. distortion in same manner. i
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£ tpenially mounted ¢.al Gaage 1 wied 10 cneck concentricity
af valve seal wath valve quide In many cases, a shght interference angle s

cut an valve face

Pt of inountiog dial g ta chieck wilve stem
leer srraegglvtness

INDUCTION
HARDENED SEAT

¥
1972 INSERT DESIGN 1973 PRODUCTION OLDSMOBILE

Acomparison of different types of valyeseats, withvand without inserts,
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Shw vy,
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Pse BOD ———

TAPPEY

There are many pomnis of wear (cireled arcas) 10 valve opar
aung tram. A hittle wear at each pownt adds up to a lot of wear i tran

SFRING
BALANWCE

GaSEET

11
|

Left. Methad of using spring scale with feelor strip to check
uston clesrence in cylinder. Pull required should be four to five pounds.
Right. Piston expender pushes outwerd on piston bosses.

Rubber seals are used AL botiom of slrevrs n
Olwver tracior enging.
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COMRECT ALIGNMENT INCORREET ALIGI4MENT —
TTRSELE POk Pwas

A bent cannecting rod can cause mlssligament on svery beoring 1uifocs thown.

/ L ORY IMSEDDED

SCRATCHES " VO sf;.umi::’.-ﬁg’_temhz S T _‘r;.'_.'tni.-.bv_-wy.r:_btt_;pﬂ?. = e REGUT POUSHED: SECTIONS
scuntcnsp &Y DIRT LACK OF -ou. : IMPROPER SEATING
t - ‘m'; o :
\i
“OVERLAY GONE- ¢ : S RADIS dlge: S T - TcaATeRs OR |
¥ 5 : RAT €

Fﬂgﬂj{ﬂ{ﬂi SURFACE - = > . CRATERS OR POCKETS )

VAR TR . s : ! SN SR TR Rt - T8 e i LA

"Mﬂﬁ.’rmumﬁks{,‘é’ AL e RABIGE R T a6 i RAYIGUN PAILURE



http://khtnetpc.webs.com For Knowledge & Educational Purposes

I é:a?%':@%d?\ 3@@%&35&35

12.9

GEAR TRAIN
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GOOD QIL CONTROL

12-11
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’__: ..... 4 o
NEW BINGS 1N NEW OROOYVES f—-_

Ring should fit freely in ring groove, below surface of lands
as shown at B,

POOR OiL CONTROL

Wi coniot, Boions Wiih os srs waeneoh 6t i+ il

blow-by and ring life will be shortened,
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As a cam ground piston expands, pattern of cantact with
cylinder wall progresses fram cold piston at left to warm piston at righr.

A

Expansion of piston occurs paraliel with piston pin.
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Injection pump compressar oear
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. Injection pump drive shaf
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Cylindrical roller bearing

. Bearing retainer
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Fuel feed pipe
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Fuel feed pump 10 fuel filter hose
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. Joint bolt
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. 3way tee

Injection pipe No.1
Injection pipe No.2
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Fuel injection pipe skirt

Fuel injection pipe protector
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41.
42,
43.

45,

47.

49,

NS -

Clip

Clip holder

Clip

Nozzle assembly
Throttle nozzle
Nozzle holder adaptor
Nozzle holder gauge
Packing ring

O-ring

. Nozzle gasket
. Nozzle leakage pipe sub-assembly (front}

Nozzle leakage pipe sub-assembly (rear)
Leakage hosa
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Fuel leakage pipe
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PRODUCT: ALL FUEL PUMP TEST BENCHES
SUBJECT: BASIC CALIBRATIION TABLE ‘B° SIZE PUMP
10 mm Stroke . 20mm Helix Pitch {Normal)
- PLUNGER CONTROL ROD OPENING ﬁ
Dia;mm Bmm 9mm 1Zmm
10.0 4.0-5.2 10.0-11.5 15.8-17.6
9.0 2.8-386 7.6-8.7 12.5-13.8
8.0 2.2-2.8 6.0 -6.9 9.8-10.9
600 7.5 2.2-2.8 5.5-6.3 8.8-9.8
7.0 2.0-2.6 49.57 7.8-8.8
6.5 2.0-2.6 4.5-.5.2 7.1-7.9
6.0 1.2-1.6 3.3-3.9 5.4 - 6.1
5.0 0.4-0.7 1.8-2.2 3.2-3.7
10.0 2.8-3.6 - 8.7-9.9 14.6- 16.2
9.0 1.8-2.3 6.6- 7.4 11.5-12.6
8.0 1.7 -2.2 5.4-6.2 9.2-10.2
200 7.5 1.7-2.2 5.4-5.9 8.4-9.3
7.0 1.7-2.2 4,5-5.2 7.3-8.2
1.7 - 2.2 4.1-4.7 6.6-7.3
6.5 ' 1.1-1.4 3.2-3.6 5.3-5.9
5.0 0.3-0.6 1.4-1.9 3.0-3.5
SUBJECT; BASIC CALIBRATIION TABLE ‘B’ SIZE PUMP
10 mm Stroke , 14.89mm Helix Pitch (Fast)
RPM PLUNGER CONTROL ROD OPEMING
Dia:-mm 9mm 1Zmm 18mm
10.0 5.2-6.1 9.7 - 10.8 18.9-20.4
9.0 4.8-5.5 8.5-9.4 16.0-17.3
600 8.0 3.7-4.2 6.6-7.3 12.4-13.5
7.0 3.6 -4.2 5.8-6.6 10.4-11.4
6.5 2.9-3.5 49-55 8.8-9.8
6.0 2.6-3.0 ‘4.3-4.8 7.6-8.3
10.0 4.0-5.1 8.4-9.8 17.4-19.2
9.0 3.9-4.5 7.6-8.3 14.9 - 16.2
200 8.0 3.2-3.6 6.0 - 6.7 11.7 - 12.7
7.0 3.3-3.0 55-6.2 9.8-10.7
6.5 2.7-3.2 46-5.1 8.1-9.1
6.0 2.4-2.8 4.0-4.5 7.2-7.8 J
NOMAL - Comence Adjustment at 9 mm Control Kod Opening at 600 R.F.M.

el Comence Adjustment at 12 min Control Rod Opening at 600 R.P.M.
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PRODUCT: ALL FUEL PUMF TEST BENCHES
SUBJECT: BASIC CALIBRATIION TABLE C.A.V '‘N° TYFE FUMFS
RPM ZONTROL ROD PLUNQER DIAMETER \\
9 mm 8 mm 7.5 mm
Fumps filted with 5 mm delivery valves
200 6 mm 1.4-2.1 0.8-1.5 0.7-1.4
600 9 mm 7.5-8.4 6.2-7.8 5.6-5.7
900 12 mm 13.2-14.3 10.8-11.8 9.2-10.0
t Pumps fitted with 7 mm delivery valves
6 mm 0.d-1.5 = -
7 mm - 1.0-1.7 0.7-1.4
9 mm 7.8-8.7 55-6.3 4.3-5.0
12 mm 13.3-14.4 10.0-11.0 8.5-9.3
SUBJECT: CALIBRATIION FOR GARDENER ENGINES
RPM FLUNGER CONTROL ROD QPENING
Dia: mm 9 mm 12 mm 18 mm
600 LK 6.0 3.0 -3.4 7.6-7.8 17.4-18.0
LW 6.5 5.0-5.8 10.4 - 10.6 21.4-22.2
L2 7.0 7.2-7.8 13.6 - 14.2 26.4 - 27.4
L3 10.0 16.0-17.6 30.3-30.8 54.8 - 55.6
Lx 7.5 5.2-6.4 12.2 26.2 - 28.0
200 LK 6.0 1.7 - 2.1 6.2-7.0 15.2 - 16.0
LW 6.5 3.8-4.6 68-7.4 19.6 - 20.4
L2 7.0 6.0 - 6.4 12.0-12.6 24.8-25.2
L3 10.0 13.8 - 14.2 24.8-25.6 44,4 .47.2
Lx 7.5 2.0-3.2 9.0-10.6 23.8-25.8
- - - " -
SUBJECT; CALIBRATIION COMMER T.5-5
RRD CONTROL ROD OPENING DELIVERY MAX: TOERAMCE
) mm in-cc in-cc
1,400 11 11.2-11.6 .5
1,900 11 12.0-13.6
400 7 2.2-3.4 .6

2.400 2 .1 E




http://khtnetpc.webs.com For Knowledge & Educational Purposes

14.3 é:ug?:@&éSGémscgs
FRODUCT: ALL FUEL FPUMF TEST BENCHES
SUBJECT: BASIC CALIBRATIION TABLE "A° SIZE PUMPS
9 mm Stroke, 12 mm Helix Pitch
RPM PLUNQER CONTROL ROD OPENING
Dia; mm 7 mm 9 mm 12 mm
6.5 1.9-2.5 2.6-3.5 49-57
1,000 6.0 1.0-1.4 1.5-2.3 . 3.3-3.9
5.0 09-1.2 1.2-1.9 2.4-3.0
6.5 1.4-1.8 2.3-3.2 4.4-5.2
200 6.0 06-1.0 1.4-2.1 3.1-3.6
5.0 0.35-0.9 1.1-1.7 2.1-2.7
- - - - -
SUBJECT: BASIC CALIBRATIION TABLE ‘A" SIZE FPUMP
7 mm Stroke, 12 mm Helix pitch
RPM PLUNQER CONTROL ROD OPENING
Dia: mm 9 mm 12 mm 18 mm
7.0 4.0-45 6.3 - 6.9 11.0-11.3
1,000 7.5 46-53 7.3-7.9 12.7-13.4
B.C 5.0-5.7 8.0-8.8 14.2 - 15.0
7.0 34-39 5.5- 6.1 9.8-10.5
200 7.5 3.9-4.5 6.4-7.1 11.3-12.1
8.0 4.5-5.0 7.1-7.9 12.7 - 13.7
SUBJECT: BASIC CALIBRATIION TABLES AMERICAN BOSCH ‘A’ PUMPS
7 mm Stroke, 12 mm pitch
RPM PLUNGER CONTROL ROD OPENING
’ Dia; mm 9 mm 12 mm 18 mm
8.5 25-3.2 4.7-5.6 8.0-9.8
7.0 2.6-3.4 5.0 - 6.0 9.4-10.9
1.000 8.0 2.6 -4.0 6.0-7.4 12.0- 14.0
9.0 4.8-5.8 8.6-10.0 16.0-17.6
6.5 : 2.3-3.0 4.3-5.2 8.1-9.1
7.0 2.3-32 4.5-5.7 9.0-9.9
8.0 2.5-3.4 48-6.4 10.8-12.5
9.00 3.2-4.5 7.2-8.4 14.0 - 16.0 I
J
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PRODUCT: ALL FUEL INJECTION PUMP TEST BENCHES
SUBJECT: BASIC CALIBRATIION TABLE 'Z’ SIZE PUMP
12 mm Stroke, 16 mm Pitch Compound Hellx
R.PM PLUNQER CONTROL ROD OPENING
Dia; mm 6 mm 12 mm 18 mm 24 mm
600 13 18.0 - 20.5 31.0 -34.0 44.0-47.0
200 13 6.5-8.5 17.6-19.7 42.1-45.9
SUBJECT; BASIC CALIBRATIION TABLE AMERICAN BOSCH 'Z’ PUMP
12 mm Stroke, 30 mm Helix Fitch
R.PM PLUNQER CONTROL KOD OPENING
’ Dia: mm 6 mm 18 mm 24 mm
\ 12 9.0-12.6 52.0 - 53.4 69.5 - 79.5
| 600 13 10.5 - 14.3 60.8 - 62.5 82.0 - 92.0
: 14 15.3 - 20.4 72.5-74.5 96.5 - 108.0
|
i 12 9.0-12.5 45.0 - 54.0 65.5-75.5
| 200 13 10.8-13.5 55.0 - 67.5 77.5-B8.0
E 14 15.4- 185 65.0 - 74.5 91.5- 104.0
PRODUCT: ALL FUEL TEST BENCHES
SUBJECT; BASIC CALIBRATIION TABLE ‘Z’ SIZE PUMP
12 mm Stroke, 30 mm Helix Pitch
— PLUNGER CONTROL ROD OPENING
Dia; mm 6 mm 12 mm 18 mm 24 mm
10 7.4-7.8 15.2- 16.5 29.0 - 51.5 42.5 - 46.0
11 7.0-9.0 23.5-26.5 40.5-44.0 57.0-62.0
600 12 9.5-12.4 29.5 - 35.5 50.0 - 55.5 70.5-77.0
13 11.0- 14.0 35.0 - 39.5 59.0 - 64.5 83.0-90.0
14 16.0 - 20.0 43.0 - 48.5 70.0-77.0  97.5- 106.0
10 6.3-7.7 14.5 - 16.0 27.5 - 30.0 40.0 - 46.0
11 7.0-9.0 23.0 - 26.0 39.5 - 43.5 56.0 - 61.0
— 12 9.5-12.3 28.5 - 32.5 46.0- 53.0 67.0 -73.5
13 10.5-13.3 33.0-37.0 56.0 - 61.5 79.0 - 86.0
14 14.0 - 18.0 40.0 - 45.0 66.0-73.5 93.0 - 102,0
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FRODUCT: ALL FUEL TEST BENCHES '
SUBJECT: BASIC CALIBRATIION TABLES AMERICAN BOSCH ‘A’ SIZE FUMF
7 mm Stroke, 12 mm Helix Pitch

dpih PLUNGER CONTROL ROD OPENING
mm 9 mm 12 mm 18 mm
6.5 2.5-3.2 47-5.6 8.9-9.8
1,000 7.0 2.6 -3.4 5.0-6.0 9.4-10.9
8.0 2.6-4.0 ' 6.0-7.4 12.0 - 14.0
9.0 48-58 8.6-10.0 16.0-17.6
6.5 2.3-3.0 : 4.3-5.2 8.1-9.1
7.0 2.3-3.2 4.5-.5.7 9.0-9.9
200 8.0 2.5-3.% 48-6.4 10.8-12.5
9.0 32-45 7.2-8.4 14.0 - 16.0
]
SUBJECT; BASIC CALIBRATIION TABLE AMERICAN BOSCH ‘B’ SIZE PUMF
10 mm Stroke, 22 mun Helix Pitch
RPM PLUNGER CONTROL ROD OPENING
Dia; mm 9 mm 12 mm 18 mm
7 4.2-6.0 7.8-9.1 13.4-16.2
8 52-7.4 9.2 11.3 17.2 - 20.5
600 9 6.1-8.4 11.3-13.7 21.4-25.2
10 B.3-11.4 14.9-17.9 27.4-31.9
11 11.3-15.2 15.6 - 23.5 33.9-38.6
7 3.6-5 ' 6.7 - 8.2 12.7 - 15.5
46-6 8.5- 10.6 16.3-19.6
200 9 527 10.3- 12.7 20.4 - 23.8
10 7.1-10 13.2-16.6 25.8 - 30.3
11 8.4-12 16.6 - 20.9 31.9 -SS.SJ

i
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ENGINE & NOZZLE .
INTERNATIONAL HARVESTERY PERKINS RUSTON AND HORNSBY
BDLL 150564720 2900 RDL  110S 6133 1760 BDLL 150T6380 2600
BDLL 15086511 3000 BDL  110S 6267 1760 BDLL 150UV6413 3000
BDN  4SD6299 2350 BDLL 1408 6422 2700 BDLL 135S 6092 2500
BON 12512 1600 BDLL 1508 6225 2500  BDLL 1355 6424 2500
DLL 258 444 2380 BDLL 150S 6318 3000 BDLL 1358 6303 3000
DLL  150S 264 3000 BDLL 1508 6329 2900 BDLL 140S 6183 2500
DLL 1508518 3200 BDLL 150S 6872 2600 BDLL 1405 6233 2500
DLL 1508 2640 3000 BDLL 1508 6882 2600 BDLL 1408 6293 2500
DLL  150S 1990 2500 BDLL 1505 6385A 2900 BDLD 1508 6253 3100
DLLA 150S 2120 2000 BDLL 150S 6395 2500 BDLL 150S 6275 2500
DLL 1508 529 3670 BDLL 1505 6435 2500 BDLL 1505 6317 2600
DLLA 150S 266 3000 BDLL 1508 6472 2500 BDLL 150S 6448 3000
DLLA 150S 417 3000 BDLL 150S 6507 2900 F65 -00051.B 3100
DLLA 150S 442 3000 BDLL 1508 6513 2500 F67 -00085.A 3100
DLLC 1508 542 3200 BDLL 150S 6545 2000 FABC/B -23030.A 3100
DLLC 150S 543 3200 BDLL 1508 6554 2500 FAPC/B -23060 A 3100
DLLC 1508 581 3200 BDLL 1508 6555 2500 FAR  -23030 3100
DNOD 187 1900 BDLL 150S 6656 2500 FAPC/b -23030C 3100
NL 466 1470 BDLL 150S 6561 2500 FVCB/B -23030 3100
LEYLAND BDLL 150S 6573 2500 FVEB/B -23030 3100
605401D (600) 2150 BDLL 1505 6560 2900 FVEB/B -23030 3100
605402D (600 PP&650) 2400 BDLL 150S 6580 2900 FVEBX/D-23030A 3100
605403D (370) 2400 BDLL 1508 6591 2900 H140T35H528 3100
605404F (400 & 401) 2400 BDLL 1505 6649 2900 HI150T25L530F3 3100
608292A (350 & 375) 2150 BDLL 1505 6472C 2900 HNL 445 2600
608490D (680 PP) 2400 BDLL 150S 6500 2800 ML 597 3000
801916H (500) 2650 BDIN 456157 2050 ML 603
BDLL 140S6250A 2400 BDN  4SD6346 2000
BDILL 14056306 2500 BDN  125D6236 2000
BDN 4SP6460 2100 BDN  128D6459 1900
HL 550 2600
NL 557 2600
NL 558 2600

NL 614 2700
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BDLL 1405 6471
BDLL 1508 6028
BDLL 150S 6064
BDLL 1503 6318
BDLL 1508 6381
BDLL 1505 6397
BDLL 1505 6443
BDLL 150S 6774
BDLL 1505 6495
BDLL 150S 6550
BDLL 1508 6575
BDLL 1505 6564
ML 110
ML 127
ML 183
ML 208
ML 315
ML 473
ML 481
NL 533
ALLIS BER
ADN 4RD 502
ADN 451
ADN 452
ADH 45D 504
ADN 4T2
ADN 4T17
ADN 125D12
BDMN 4SD 505
DLL 1505 D123
DLL 1508 D124
DLLB 1508 153
DN 6TD 119

BEDFORD :
BDLL 140S 62505A
BDLL 1505 6443
BDLL 1505 6472
BOLL 160S 6354
BDLL 1605 6492
BDLL 160S 6519

(PSI)

2600
2600
2600
2600
2600
2600
2600

© 2600

2600
2600
2600
2600
2600
2600
2600
2900
2600
2600
2600
2600

2000
2000
2000
2000
1800

1800
2000 .

2000
2900
2900
2500
1800

2650
2600
2500
2850
2600
2600

5:03§:BESA8acS0EgyS
BEDFORD (P31)
BDLL 1705 6173 2600
NL 222 2500
NL 478 2600
ML 597 2600
DAVID BRIWHN

BDLL 1405 6417

BDLL 1405 6544
MBDLL 1408 6592

NL 446

ORD

BDLL 1405 5422

BDLL 1405 6423

BDLL 1403 6603A

BDLL 1408 6609

BDLL 1408 6611

BDLL 15085 6443
BDLL 1505 6476
BDLL 1505 6571

NH 153A
NH 389
HL 123
NL 179
ML 413
ML 224
NL 455
NL 461
HL 582
ML 588
HL 639

DNOSD 21
HANOMAQ
DLLA 1508 292
DLLA 1508 392"
DLLA 1508 5688
DNOSD 151

, DNOSD 195

DMNASD 24
DN4SD 128
DM12SD 12

2600
2600
2600
2600

2700
2600
2800
2900
2600

2600
2600
2600
2400
2400
2600
2600
2600
2600
2600
2600
2600
2600
2600

2100

2900
2650
2600

1750
1800

2200
1800
1800

HERCULES
ADNS R 48
ADNB S 516
ADNB 5D 32
ADHN 12 RD 507
JOHN DEERE
17579

18025

18457

18458

DLLA 1555 560

DLLA 1555 574
DLLA 1555 593
DN4SD 140
LISTER

BDL 305 46

BDL 305 406
BDL 30S 6232
BDL 705 6014
BDLI, 140S 6403
BDLL 1505 6502
BDLL 1765 6204
BDLL 1765 6297
BDLL 1765 6414
BDHN 4SDC 6453
HL 1275 B 6D 662P3
HL 1345 26D 656F2
MERCEDES BENI
DLL 1455 166
DLLA 195 246
DLLA 795 390
DLLA 144S 485
DLLA 150S 186
DLLA 150S 187
DLLA 1505 196
DLLA 1508 2120

MACK

ADB 1505 103
ADNOS D 508
ADN 43D 51
ADN 45D 504
ADN 43D 518
ADL 1505 424
DLL 1558 368

(P31)
1600
1800
1600
1600

3000
3000
3000
3000
3400
3400
3400
1900

1500
1750
2400
2900
3000
2600
2700
2800
2700
2350
2700
2700

2600
3000
2900
2600

2600
3000
2600
2900

2350
3200
3200
1800
3200
3000
3200
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DATA & SPECIFICATIONS

GENERAL
Maodel
Type ..

Combustion system
Bore and siroke
Piston displacement
Compression ratiu. .
Firingorder . . ... ...... ...
Compression pressure . . . . ... ...,
Direction of revolution (See from fan side)
Maximum revolution (at full load)
Idling revolution . . . . . . .
Weight .

.............

CYLINDER HEAD
Cyiinder head

VALVE MECHANISM

Valve seal angle, Inlet .. .. ... .. ...,
EXREWE e Pl e &
Valve timing ({lywheel travel}), Inlet opens |, . . .

Inlet closes . . ... ..

Exhaust opens

Exbhaust closes
Valve clearance when cold:  Ialer . .. ... ... ..
Exhavwst ., ... ..., .

EK100

. Diesel, 4.rycle, vertical 6-cylinder in-line, over heat valve,

waler cooled
Diwrect imjection Ly[x:

e

. 137 % 150 men {539 x 591 .0}

13.267 liters (809.28 cu.in)
179
1-4-2-6-3-5

. 30~ 36 kg/cm?® (427 ~ 511 Ib/sa.in) at 200 rpe-,

Clockwise

.- 2,300 rpm

450 ~ 500 rpm

. Approx, 980 kg (2,160 Ib)

in two blocks each one for three cylinders, Cast wron in mate.
rial

w’ﬂ

45°

15° before T.O.C.
45° ater B.D.C

.. 48° belore BD.C,
. 16° aher TD.C.

0.4 mm (0016 in)
0.4 mm (0.016 in}

CYLINDER BLOCK, CYLINDER LINER AND CAMSHAFT

Cylinder block ., .,
Cyhinder liner

Carnshafl .
Catnshaft bearing; Number and matenial . ... ... ...
CONNECTING ROD AND PISTON

Small end bearing, Malerial and insige diameter

Compression ... ....... ....
Qil control

Pistan ring;

. Single-piece casting, Cast iron in material

Wail type replaceable, specal cast iron in matenial, ventndunal
Iy cast

Induction-hardened carbon steel in material |
7, white metal with carbon steel in matenal

Cast phosphor-bronese, 50 mm {197 in}
Heal resisiant aluminium alloy

. 'Three, chromeplated for top & 1hird ring

Onée, with chrameplated
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CRANKSHAFT AND CRAN KSHAFT BEARING
Crankshaft —— ; - oo Induction hardened special steel Torging wath balance weights
Crankshaft bearing  Material ... ... ... ......... Indium plated ower thir kelmer.
Number el s@ i o 7
Diameter ................... 90 qun (3.54 inj
FUEL SYSTEM
Fuel injection pump cas e c----- ... BOSCH nnr type, dniven by «rankshaft gear 1/2 x engine

rpm, countrrclackwise spen fram the drive side

Injection timing .. ...l lmection Before 1st oyl Betore st cyl.
timing nDe e Toe gt
;’rﬁ'ﬁs’;gmuy 220003173 22000-1491
; ZM40%, 443 KY, 2, =Y,
Chassis KF421, 466 KB501, HE3326
model 2121 7M302, 312, 342
Governor ., . .. i A BOSCH type. centrifugal max. and min, speed control type
B e | L L bR Automatic timer, counterclockwise rotation seen from the
drive side, max, advancing angle 4°
Fuel feed pump | 03 ©revweae. ... Piston type driven by injection pump camshaft, max, feeding
pressure 2.0 kg/cm? (284 Ib/sa.in)
Nozzleholesize . . - .. . ... .. ... .. _. . ... Lo $034x2& 9037 x2
Nozzle holder: Injection pressure . . .. . ... . ... .. 220 kgfem? (3,128 Ib/sq.in)
Fuel filter . . . ; | st ey mos e Replaceable paper element type
PUBlIanK oovann svws . Trmpeise o e Square section, seam welded
LUBRICATING SYSTEM
Type Pressure feed lubrication with ail pump
Qilpump .. ... ., e oo ceimans v e, . Gear type
Oil capacity . ... . .. . ©orereeeeaooo. ... Approx. 26.5 liters (5.28 Imp.gal/6.34 US gal)
IR b maenn nriimn iy g g o o 05~ 5.0 kgfem? (7.1~ 21,1 Ibfsq.n} A3
Oilfilter . . ... .. .. .. _ . . .. gt Sl i Full flow type using paper element and bypass type using
depth element
COOLING SYSTEM
Tyee ... L S .. . Forced-recirculation type
Radiator cap pressure b v e e e .. 0.5kafem? (7.1 Ib/sq.in) atmospheric pressure
Cooling system water capacity ... ... .. .. . . 41 liters {9.0 Impgal/10.8 US gal)
Coolant pump . . . . . . T T + 4=+« Centritugal gear driven
Fan, Type .. ... .. © e it v oo« o Pressed steel blades
Radiator, Type ... . <eesew, Corrugated fin type
Mounting ... . ... . . s+« ot o:Rubber shock insulators
Upper and lower tanks . .. .., . .. .. .. Brass plate
Yowmostar, . Lol oo Wax type bottom bypass system
AIR CLEANER

Type . ........ . .+ Dry type {paper element)

or cil bath type with pre-cleaner
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ENGINE PERFORMANCE CURVE
Engine Model: EK 100 (Standard)

Max output . 260 HP/2,300 rpm
Max. torque : G4 mkg/1,400 rpm
Min fuel consumprion ratio 160 gr/HP he/1,A00 rpm
-195 -
260 I R S S €
W
E)
o
1
L
240 . —
]
220 ; I /) S S

200}

__ 180 — ]

o
z
2

= 160 i e -

= T

o

b o

N

140 e 180 2

5

ATO =

120 —= - - 1160 a

s

‘150 2

w

3

100 — -

1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,300

Engine speed {rpm)
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14 -1 .
SERVICE STANDARD Unit. mm fin
Mamins) Agnambly Aspair Sarvice :
Itam Dimensiona Standard Limit Limit i ——
0.05 020 I
F | Flanes - {0.002) 10.0079) = Hepkace
€ Bt
= e A 118 11771031
& €| Grindging limit {thickness) 14.646) = T |ias3zen-00118)
T 0.05 0,10
£ g Flainess (0.002) 10,0040 =
e -
) ; 12 11.9 10,4685 . Injake
Valve stom oultside diameler 10.472) - - 118 (04645 Exhaust
o 0,75~ 10 0.75
Taiske - 10.0296 ~ 0.0393) |  — 10,0295
Yalwe sink > Replaca vakvr seat
.45 = 0.70 0.45
Exhais = 00178~00278)| 10.0177) P
Rocker arm shail 28 ~0.08
oulside diameter [ R[4} {—0.0031) Aeplace <halt
Bushing ingide 28 +0.08 ;
Rocker arm diameter (1.10) B i+0.0031) Replace bushing
_ 0.020 ~ 0,054 0.15 i
Cleargneo {0.0008 ~ 0.0021} (0.0059) Replace bushing
Push rod bend - © 8'1595: - Repair
i 50
Setting lengin 1187) - - -
1747
. Preload kg [Ib) 38.51] 5% -
nner Replace spr ing
spring
Frotmap - (25591} -
5
B a9l = B - 2.0
H iy i 10.078)
g ; | 55
g Selting length 12.165)
5 35.40
> P, Freloag kg [ib) (78.04) 5% -
pring -
70.
Free lengih - {2.:_?5%9, Replace spring
Sovnes - - - | it
Intake Seat angle o’ - - -
valve
seal Face angle 30° = = - Repair with 30" or 45°
Exheust Seat anglo as® i, - s cuiter and finish by lapping
valve
seal Face angle 45" - - -
. . 12
Inside diameter 0.47) - - -
{Intake} 0,050 ~ 0.080 _ 0.30
Valve Clearance 1o 10.0020 ~- 0.0031) oLy Replace valve guide
guide vahse flam 1F whaust] 0070~ 0.113 _ 0.35
10.0028 ~ 0.0044) 10.0137)
Outside diameter ID-E)G! - - b
Tappet ond P
. 020 ~ 0.082 0.
Clearance to guide - 10.0008 ~ 0,00241 | (000791 -
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14-12
Nominal Assombil Rapair Seryi ;
1tem Blfiéetons Stll'ldlﬂ;f Limit i Correctiva Messuras
é I bt _ 0.4 _ _
S | Valve (0.0157) fudjust at enld engine
-§ clearance B 04
E i = (0.0157) i =
-
=
5 | kot Tetnea = O onans | 08oom [ t00vm Repair by grinding
i . 137 +0.30 +1.50 Use agversize piston if
g . Inside diamener (5.39) - (+0.0118) {+0.059) wiorn over +0.3 {0.0118)
(=
=c
== . 0,08~ 0,14 o
8|t - (0.0032 ~ 0.0055) |~ -
Pi 137 Oversize piston
Clearance sroncrown {5.394) - - - 0.50 (0.0197), 0.75 10.0295)
10 inner 1.00 (0.0394)
” . 137 0.211 ~ 0.230 -
Franon it (5.304) |(0.0083~00090)| "
-0.2
Piston pin outside diameter “5,8-” = = 10.0079) B
~ 15 . }
_s_ Clearance to piston pin - Dlg%t)ﬂﬂg{?lz - IB_DOOB’Q] Place piston or pin
a 0.00048)
No.-1 - - - -
Ring groove No. 2 35 s s 3.75 _
width No. 3 10.1378) (0.1476)
i 6.0 6.05
g 10.2362) - - 10.2382)
No, 1 - - - -
Ring No. 2 35 : . 3,28
thick ness No, 3 10.1378) 10.1279) -
5 6.0 595
Oliring (0.2362} & - (0.2343)
No. 2 - 0.07 ~011 = 0.25
= 9. 10.0028 ~ 0.0043} 10.00981
= | Clearance 5 ) )
- No.3 = (00028 ~ 00043)| - lﬂ%gS! Aeptace piston ring
% | ring groove i t
& e 004 ~ 0.08 - 0.10
Qliring o {0.0016 ~ 0.0031) {0.0039)
ik 0.45 ~ 0,65 N 30
: = (0.0177 ~ 0.0256) [0.1181)
No. 2 = . 045~ 065 o 20 . .
Ring gap Ng. 3 {0.0177 ~ 0.02%6) 10.0787) Replace piston ring
e 0.35~ 0.bO 1.5
i Ot ring - 100138~ 002171 | ~ 10.0590)
{ : a3 .
I __t Bushing 10 piston pin clearance - ,:o_a%g__g"gagam - 10?63281 Aeplace bushing or pin
[ 'E 'End play - m.gi;e".&::ggﬂa] - Iﬂ.‘dgﬂl Replace connecting rod
g 0.05
10.0019) '
Bend mwist’ 3 - hor esseh - Repair
200 min
17.874)

Besring spread

B %~ 00,24

{3 kierii L daR) |
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1413 -
Nominal Assembly Repair
Itam Dimensions Standord l.ml slri:-‘l‘:. Corrective Measures
— - o 84 -0.20 -1.20
Crank pin oulside diometer 13.31) 10.0079) 10.0a72) Renai S g2
epair by grinding or
- 80 _ -0.20 -1.20 replace
Joutnal oulside diameier 13.54) (0.0079}) 10.0472)
Pin 1o connecting rod bearing - 005 ~ 0,101 0.30 L
clesronce (0,0020~0.0039) | (0.0118) Repaic by grinding or
kshalt beari ~ 0.07 ~0.121 0.30 replace bearing
S S oY o 0.0028~0.0047) | 10.0118) ¥
& - _ _ 0.10 :
5 | Bena (0.003g) | Feeair
-
é End play = Iﬂ? _&I&_&) 02166")4 \ = ID%?gGI Replace 1hrust bearing
Bearing spread - osm-aneey | - N Aeptace besring
al o 10,0023 B
Journ - i )
Q" P
Roundness
89,0015 0.06
‘Crank pin b m‘m s ;
0011 10.0023) =
(3.504,3 0008’
48 50
E Depth 10 friction lace {1.890) - - (1.068) Replace
>
& | Face runout - -, 00%23! - Aepair by grinding
Crankshaft gear _ 0.09 ~ 0.22 - 0.40
10 idle gear {0.0036~0.0086) [0.0157
Idle gear 10 - 0.10~0.22 - 0.40
E cam gear {0.0040~0.0086) 0.MS57)
o Water pump 1o 0.07~0.23 040
£ | Bockloah air compressor = (0.0028~00000) | ©0.0157) | Replace gear
a Cam gear 10 injec- _ 0.07 ~ 0.25 _ 0.40
tion pump gear 0.0028~0.00981 {0.0157}
Idle to water _ 0.10~0.26 - 0.40
pump {0.0040~0.0102) 0,0157)
No.1 66 0.D.is0.2by =015
Journal outside dismener (2.509)  taper (0.0079) - 10.0059) FAeplace camshalt
. " No.1 25 |Thicknessis 0,1 by +0.15 :
Benring thickness . 0.0084) | thicker (0,0039) = (+00050) | Replace bearing
: 2 0,030 ~ 0.120 0.20 .
~ | Journal 1o bearing :Innnw . 0.0012~0.0047) - {0.0079) Aeploace bearing
B j 0,10~ 0,26 050 :
i‘- RO < s | | (.- 0.0040~00102) | BoWY, L NTNee Sk e
R 0k A ) i _ _ -0.8 F
i kg £ {0 | (2.7854) |7 (=00311 |  Reptace comsnatt
- | 54.7651 = -0.8 i
E“'"‘A. | (2.1561) - | & (=0.001)
1 S 3]
Camshaft bent. .., i i | = 0.05 i
| ota ; | : (0.0019) Suraighten,with press
A SR (YR | N"ﬂlthll'li m.w“l
Compression pressure - | 200r.0m. - at 200 r.p.m. - |
= | (422~611 w‘n.lnl (370 Ib/sq.in} 5
e T T s e A Pt S T AN T e st st | 77 T
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. 14. 1<
Nominal Agsembly Repair Sarvi
! Ttem : p Cennedard Limit L;r:ni? Corrective Meswaq —‘
Grar ou it 6148 T ==
diameter {2 4205} = B
Case 10 e ~ 0.050 ~ 0.430 ) 018 T e
Gl 5" clearange 10.0020~0.00511 ) 10 D07
——— =t Flacgalaces qeear g g
Geear endd play = 0080 ~ 0.105 = 015
. [0 00Z24~000401 0 0055)
. , 012~026 oan _‘
Getar ek lash - (0.0048~0.0102) - @ 01571 Rimlace gear
= Shali outsehe 22
£ dhameler (0.BE6}
&
= | Draww goar Replace dewe gear of
= Case covee inside 22 r
O [ andsholt diameier (0.BEE} i
N Q043 ~ 0077 015
Cleacance 10 0O17~0.00301 10 0074)
Shall outsice 26 _
diameter 11.024)
Dr:;f:; glear Gear Inside 26 Replace drwen oear
e AN, diameter (1.024] = or shalt
caw cai
Shaft to gear _ 0045 ~ 0291 o019
clearance 10.0018~-0.00351 F 10 0074}
- &
1 2| Berween coaling tan and 20~ 25
ra - o Tarce 10k b}
Z € lanernator (0788 ~ 0.984) Bivhe ExamlEhg 2
= |
TIHTENING TORQUE
WOTE: Cost * marked part with angine ail befors tigittening
{A: thraaded part, B: bearing surface)
Tightening position kg-em Ib.ft. RAemarks
Caolant pump retainer setiing bolt 200 14
Coolant pump cover setting bolt 200 14 N
Coolant pump setting bolt 450 ~ 500 33~36
Thermostat case se1ting nut 350 ~ 400 26 ~ 28 o
Coaling fan setting boit 350 ~ 400 26~ 28
Fan damper setting nut 400 ~ 500 28-~36
{ Air compressor drive gear satting nut 1,400~ 1,500 101 =108
0ll pan satting bolt Hor the oll pan made of aluminjum 250 ~ 350 18 ~ 25
Fuel filter setting nut 350 ~ 400 26~28
Air comprasor setling bolt 450 ~ 500 32~ 36
Flywheel housing bracket seiting boit 2200 ~ 2 400 183 ~ 173
'y
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Tightening position kg.em h.ft. Remarks T

Cylinder hesd balt 2';‘;’3 :30"" I; Zﬁ?’ 13 :::: ::___J

Crankshaft bearing cap balt 2,400 ~ 2,800 174 ~ 188 *{A, B)

i Connecting rod cap bolt 2,000 ~ 2,200 145 ~ 150 cam
Flywheel setting bolt 2,800 ~2 800 189 ~. 209 * (A) |
Flywhesl hausing bolt 1,300 ~ 1,400 95~ 101 |
Nozzle holder 150 ~ 180 11 ~13
Rocker arm support balt 1,500 ~ 1,700 108 ~ 122 _-'-;A. B)

Cam gear bolt 1,300 ~~ 1,400 95 ~ 101 s (A)
r“iulﬁwbolt 2900 ~ 3,100 209 ~ 224 *A)
—m‘lnjac'tian pump drive gear setting boll 2000 ~ 2,200 145 ~ 159 ‘Al

Crankshaft pulley setting bolt 7 D00 ~ 7 500 507 ~ 542 * (Al

Torsional damper setting balt 1,000 ~ 1,200 73~88 *

Engine.mounting front, rear nut 1,400 ~ 1,600 102 ~ 115

Engine mounting nut {chassis sida) 1,300~ 1,400 95~101
-_Pmrsleeringoumpgmrnut 1,000 ~ 1,100 73 ~79

il pan setting be|t {plate) 130 ~ 180 10 ~13

Fuel filter center bolt 250 ~ 350 1 19 ~ 25

Power steering tank bracket setting bolt 450 ~ 500 33~38

Power steering tank bracket setting nut 750 ~- 800 55 ~ 57

Power steering pump setting balt 450 ~ 500 331 ~38

Magnetic vaive bracket bolt (for intake air heater) 130 ~ 180 10 ~13

Pressure reguistor setting bolt 'I.;!! ~ 180 10 ~13

Front mounting bracket sening boli 1,300 ~ 1,400 95~ 101

Ol pumyp safety valve plug 560~850 51 ~61

Oil pump cover bolt 250 ~ 300 1|-~-21

0il pump satting boit 1100 ~ 1,200 80 ~86 ¢

Strainer se1ting bolt 450 ~ 500 33~38
. Qil cooler setting bolt 130 ~ 180 10 ~13 B
l: Dil cooler element setting bolt 200 ~ 30 16 ~21

Oil filter relief valve plug 200 ~ 2% 15 ~21
[ Qi filrer satery valve plug 250 ~ 350 19 ~25

Oil filter center balt 400 ~500 28~38 '

- Oil filer setting bolt 360 ~ 400 il T

Coolant pump vane 1,200 ~ 1,300 B7 ~ 84

"



