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CHAPTER (1)
AUTOMOTIVE SYSTEMS

1.1.THE BASIC ENGINE
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1.1.1. Cylinder Block (sococalaoeannons)

aoméﬂooecuoo%% méruéwemogcx%ea@: aaéruée:lga@:ac}:gaféé: [Zsogo%oéu 38§::>5
(Cast Iron) 3390?05 39(\383035 (Aluminium)§ ooéc;aooorgcﬂooén aomés%oecuoo%ogé Gepgo:q$
quagqp:ogo:q$ asecﬂcrgqu c;@ﬂlcrgooo:o%op_gn oo%@méeacqo:ogo:moaacqéo;éq@ aocués?qp: 0750161
cﬂoapéu eocoéﬂ:nemoo%ogé w@ozmoggac%éepogé:quo% méaoéqo%aéu

Cylinder
/block
Camshaft

locator

Rear

Cylinders

Coolant
passageways

Block foundry
ID and date
Engine
number  Crankcase
area

Figure (1-2) socoéal ﬂo%d?:o’] (Yo%) 395(‘&500@(\)0(73(}

1.1.2. Cylinder Head (sococslwad)
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1.1.3. Piston (0oo0nC
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1.1.4. Connecting Rods and Crankshaft
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1.1.5. Valve Train
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Figure (1-5) The valve train for one cylinder of an overhead valve engine
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1.1.6. Manifolds
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1.2.1. Lubrication System
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Figure (1-7) Qil flow in a typical engine’s lubrication system

1.2.2. Cooling System
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Figure (1-8) A typical engine cooling system

1.2.3. Fuel and Air System
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Figure (19) Thintake system for a V-10 Engine

1.2.4. Emission Control System
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1.2.4.2. Evaporative Emission Control System
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1.3. Exhaust System
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Figure (1-10) A typical exhaust system on a late-model car
1.4.Electricl and Electronic Systems
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1.4.1. Ignition System
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Figure (1-11) An Ignition module and coil assembly for four cylinders

1.4.2. Starting and Charging System
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Figure (1-13) The major components of a late-model AC generator

1.4.3. Electronic Engine Controls (ECM)
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Figure (1-14) Late-model electronic engine control systems are made up of many different sensors and
actuators and a central computer or control module
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1.4.4  On-Board Diagnostics (OBD)
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Figure (1-15) Atypical automotive computer

1.4.5. Heating and Air-Conditioning Systems
1.4.5.1. Heating Systems

om0y mgeotoyesdfesclopds Biefopdys eajich

1.4.5.2. Air-Conditioning Systems

ooidamiogdiogeory Riwdiée apan[mdd@r BeqiBicimelecgys  eajigd oo
oogqcﬂaoén o’woma‘:éaoép mobfﬁ GOV GO ooeﬁcox[s&b 6801:»&5- m::b‘u)oma;x
meopdt  BoeppajipBdonigiijeoypoé  [a8clopds  Refrigerant of0  moqifoploopss
wihoafooid sl edmclolfls mepdmes meg@logorclopls cogolieodst  egos
w&oméop:‘édxél :ia»zog;laoé 803@:méqoooo Closed loop @3@: 8:7::003‘
2odcadloopds Sworgimddiy SworfmdiciBr ¢88&ifclopss

Evaporator

) ) == : =
Compressor = =
= | W

" Dryer

Conderser
Figure (1-16) A simple look at an air conditioning system. The blue signifies low pressure and the red is
high pressure
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1452.1.  Compressoroggoqoden

mioqiemsforn eepdmoll: 888cor§ [eecloopds Smorjopddfdegos Benfeq
ony> Refrigerant of 3wo1j wqgafed ol 8B3eoion Condenser oadaf Georclaopse og40qod
22095 wpS 005 lodcqemnd of 3a§eopst wogbogdeot ol aopse pioqadesgadal

Electromagnetic Clutch $é onpSesosadaoaclaopds

1.4.52.2. Condenserog§coudeon

poadeosnpier Bgeqopodeoeanmee [3écloopdt mxeqofdodgoigs odeodeny
foloopdt  mpiwudeond  Jodeonreaniecorad :meéomém@x Bpg§oqos§ogudogeend
oosoosopdopé dliggoeans wpfexecorgoiondooniclopdt gicuSeonm  mqedoqodad odenom
ol Refrigerant o} Bwx§oodid (044 Soyomclopde Refrigerant  coplt megmdsmegmey 2qpS
Bafedopx: Evaporatorocdal soodogorolaopds

1.4.52.3. Receiver/ Dryer
RwuSeomagasanens  Refrigerant cogaopd Receiver / Dryer cdsoodcoad(godooiol
opds  Receiver / Dryer cdogé  Desiccant §olaopSs acdediongaopd qoddioqiadogé ol omeann

Wll qulﬂs '&qmuﬂwél

1.452.4. Accumulator
Accumulator 20p5  Receiver / Dryer o3a§ 0q8cpdfl: c4o0dedieclomicoggs ondeoé
03}:&01:»&_5-

1.4.5.2.5. Thermostatic Expansion valve / Orifice Tube
Evaporator of eolel Refrigerant of o34:gqdquloopds ofgaon mmeomiéied: memicore

480} qfy> pocl0pds

1.452.6. Evaporator
iw&cqo»aoé ngq' wtﬁmo}a}méomtﬁm:@z Dashboard mrﬁpwgé

odwconolopdr  mepdmfadefoodicopiagoieans quddioqgpd @qadeoduyfl: eqegyodend
eopogdon mepdmpéy megm[pdefgrdiadagacl wpd gesep’ emesewMAiay ®[Beg
olaopSs geaseopd Besdeqonay [sodagorofé omided scoremicoy qfiolaopss

1.452.7. Refrigerant Lines

q38i0qqdodcdinpd  mBmmxfoé  apicéifelopds  Becfeqong  cpioqodencd
swadcontaos Compressor Suction ine Béf: 8mojaog§iddfdofos udupqil0pds mioqoden
®magadsadés Compressor Discharge Line [98f8: Receiver / Dryer maS[edcl0pd egoadegiondadés

o Receiver / Dryer ooy Bendoeqormolmadfgéclaopds Refrgerant 205  mqpdpécio’
woglod Yol pofodemicdoiy copdoodeqolaopde
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Automotive Technology

2.1.MEASURING SYSTEMS 03&:0208p5:040qp:
o%é:ooo‘?é:?o%é’”:ﬁo%aéu Imperial Unitc§ Metric Unit §.o§eﬁp[§o§o]a:én

Description Imperial Unit (sodquSosd) Metric Unit (65coqo0s0)

Length (s2cqps) Inches, Feet, Yard (cooSer coi 0305) | Milimeter, Centimeter, Meter (80)

Weight (sscc0:4)§) | Ounce, Pound, (ezo o1 colE) Grams, Kilogram (0gé1 03c30q8)
33@(780]()&&?0%?0% Olzogé @0%@3610%0)&?08(73 (%@:333%:4{'0:@0@0’]&)&0“ ?é:@éé&)é QOQSC\%O%O'S

[6Sca00e(020¢ 32e0:8050083:qp:03 cguSopgo 0a58EclapSi powoil I 0.00 80201 0.6 A3cG0aS
036680§]:03 0060 dQe(gac:ad&oloopSi
Baq:3203E:302003¢ 0 8020 = .07 W0Se (posoll 11 § 802 = § X 9E.09 = 0@B.08 CV05)
0 §& = 0.80p0 0303807 (powan 1§ 8¢ = § X 0.80p0 = 0.066¢ 05c880)
3600:g|§303C:30003¢ 0030306=J. Jog6 colE(poeoi 1 §oBc0qs = § X J. Jog6 =00.0jo eolE)

1in 254 mm 1 mm 00383 in
Length 4 > 0304m i m s
Toz 00283 kg Tkg 35302
R 1o P asakg Tkg > s
1oz 0278N TN 3507 oz
P 11 > LN N > s
TI*F] S xTIC] +32 TIC] 5/9x% (T[°F 1-32)
Temperature > onist 0°C » 315K
1 oz-in 706 mNm 1T mNm 01416 0z=in
1 lb-in 0.113Nm 1Nm 8849 Ib-in
Torque  1ibft »  1356Nm 1Nm »  07376Ibt
1 kgf-m 9807 Nm 1TNm 0,102 kgf-m
1gf-cm 0.098 mNm T mhm 10.204 gf-cm
1 moiss 7.06 % 10-6 kgm* 1 kgm? 141643 moiss
1 cz-in® 1.83 x 10-5 kgm” 1 kg’ 546104 0z’
Inertia Tozins o 706x10-3 kgm’ 1 kg’ »  14160zins’
1 lp-in’ 293 x 104 kgm” 1 kg’ 3418 lb-in
1lb-ins’ 0.113 kg’ 1 kgm’ 885 Ib-ins”

Yardstick

T T T T e T e P T e TP e e e v v e v ev e e
456 T8 9011121314 151617 18192021 222324 252627 28 293031 32 334 35

™~ Meter stick

Fig (2.1) A meter stick has 1,000 increments known as milimeters and is slightly longer than a yardstick

Htun Myint Htay (M.E., Mechanical) Page 16 of 74




2.1.1. FASTENERS

Automotive Technology

Fastener &%:Dé(f’) 0(7%?09380:608(73 O’)OS??(:‘:U)O%?O?Q%S’BOBOS 8(%8:@306”0(1?0%(1302@82 E}SO%O']

2051 qrea003:(6¢ 2060546 (Threaded Fastener) gp: (edcloopSi

P—m

Bolt Stud

- | Capscrew
%) O

Setscrews ' '

Round Flat
head head

l Flat Round h h
head head
Fillister Oval
M head head

Pan head Machine screws
self- tapplng SCrews ”
* Carriage bolt

Round Flat
head head
Torx® head bolt
Fig (2.2) Common automotive threaded fasteners

B

8"

B

—
114"

H

3/8"

—
172"

Fig (2.3) Various sizes of pipe fittings used with lines and hoses

Htun Myint Htay (M.E., Mechanical)
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Head A
wrench
size Y

Bolt diameter

Shank
RN

!

<«— length ——»

Fig (2.4) Basic terminology for bolt identification

2.1.2. Bolts

Automotive Technology

O?O’SQQOJP_S?O O’)O%(S)O’S%é O?USG@WE:%@.‘: 39@0:0’)0%(90’3088 :raqogeﬁof]oapéu O?USOOG%GQIOE.‘:OQE

ﬁqleoao araeaTgaeoTeﬂo:cf? 39000501(3035 G@TE)ooo:oqoagju
(1) Bolt Diameter(oqorge}pgqjéu o?orgcnaoscnmu U?orgeqp&d?:oorg)(
(2) Shank(o?ogeqpézogé @qéeqo%eoooagf}&)
(3) Bolt Length (or?ogcq_pé:aaeﬂé— Bolt Head o% ooéeo%é:o'])

(4) Head wrench size (Bolt Head 3980539‘99333&5 390\}:@@[3_5 gagacﬁagm:@ogoaé)

(5)  Thread pitch (3980?161050@5085 U)OS(\)(YSGOgE%GODOGQQOSGO,]EZ Thread per inch) eogooqogo‘?é

(788 &)6‘[(736‘[03(7)03?%0)08?@023908039602(73 8(\%8030[;9(3 GOTE)O’]:DéII

Common English
(U.S. Customary) Common Metric
Head Sizes Head Sizes
Wrench Size Wrench Size
(inches)* (millimeters)*
% 9
e 10
% il
e 12
Ya 13
"o 14
¥ 15
Wie 16
. 17
e 18
1 19
1% 20
1% 21
1% 22
1 23
e 24
e 26
1%a 27
1% 29
30
32

Table (2.1) Standard Bolt Head Sizes
Htun Myint Htay (M.E., Mechanical)
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cr?ogealpé:ehgaqégaeag:o% Grade @5 G(BTE)O’] wén

O

Grade 2 Grade 5 Grade 7 Grade 8

Customary (inch) bolts—identification marks correspond
to bolt strength—increasing numbers represent
increasing strength.

Metric bolts—identification class numbers correspond
to bolt strength—increasing numbers represent
increasing strength.

Fig (2.5) Bolt grade markings

op05egpcig) 0§0503 @daguSonmadendlas o9p05eslCion &olodululoopd 8§clodeo
C\)lo_.%:?o%e%[:ﬁqlo’]ooén 3930?161(1%@@03(73 Grade 2, 5,7, 8 [595 GGTE)@: eogooqo§®§ogm Identification Class
number 4.6, 4.8, 5.8, 8.8, 9.8, 10.9 ooap_ac[gp(f: G@T[E)@o’]wp_sn poeon  110.9 o?ogeqpf::oaé Tensile
Strength 1,000 MPa (145,000 psi), Yield Strength 900 MPa (90% of 1,000) §ulaopSt 10.9 o305egoc:
ooogc;anocc::oopé $EO§QQ§®§OSW Grade 8¢ Strength oraégo']ooéu

<§0'3 (Nut)ar?ooé(«];o U.EO’SGQJOE:%O?O%:@: @ogé:qogﬁol(ﬂoapén @o&?ompé: oqorgéaaora 0310509
qoqeéu 390005@ o%&@émmo%@o‘%o@e@q;@o oqorgcr%o?lorg[éémoézeo@ @?orc)or(ﬁ 08105‘%9000 3\}:80']
» 3380705§05303438Eqp5 2005 0§058603§0500§8:3203E:0 JolovpSi 9905mn05(9)ad:qE $0503
C\)pé: oeqloo(g):ﬁ:qcﬂ@én

n

Inch System Metric System
Grade Identification Class Identification
Hex Nut Hex Nut
Grade 5 @ Property
Class 9
3 Dots Arabic 9
Hex Nut Hex Nut
crade = V@‘
Class 10 k T ‘
6 Dots Arabic 10
Increasing dots represent increasing strength. Can also have blue finish or paint dab on hex flat.
Increasing numbers represent increasing strength.

Table (2-1) Standard Nut Strength Markings

Wrench pad

Shank Threads

Fillet

Washer
face

Fig (2.6) Bolt fillet detail

Htun Myint Htay (M.E., Mechanical) Page 19 of 74
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Shop Talk (oéesj‘p%eog@@[)

Co N

9705egC:000$20p5 305esl S fillet egapanes qod5S:00050]00p5 1 B8esepozc veool:oy (b
copqolon 2 05egpE:ndd Bdovdadeotqolepdi

2.1.3. Tightening Boltscqoé[:f)[:cg

’J?OO§O’)O’)OQBO? ®§®U)O?J @O@OOO qC U)O? 3’3:1? @OCO’]UR 1] ®§®O’)(‘7{I [:0000 (g C\?O']:Dgll
Bm0Sg) 336000005 J(8: (bl 2905805q058:0005010p5 1 (0§(8:(¢0dodmslen 20q05ad
@q®@§ OOOOO’]:D@H G:)DQJOE:O@@O qC 3’3610:?0@ 6?09[59[0061030 9(739(\300’]30&”

Unstretched bolt

Threads are straight on line

Stretched bolt

Threads are not straight on line

Fig (2.7) A comparison of a stretched and an unstretched bolt.

2.1.4. Washersolgp

ol gpmqjiamonieoy 3qp:(e3: §oloopSi Flat washer 2005 930550503503 050lm 30550560l
005eqodeadqenqs o3:oloopdi Soft flat washer, compression washer (Spring washer) oo§§clgom
607 2705§0560303 onc:onciqliql: :2(§(mdeseoas 3? o”l:npéu Copperwasher ¢[mo: $01§po$ 3EqE
2600505 3E:0§0000)esapq:9o 23:0120a51 oqooc?oooqm oooo[j 0Bieo00  esepql:o3Cien  Fully
Hardened Flat Washer 093 a%:qo']wéu Lock washer o? o?oo:?;ooc;ogo? ooeﬁof]ﬁpogoq az;c\?oo?oo’]
2025

2.1.5. Other Common Fasteners

2.1.5.1. Nuts
C0O.,e O C o E: (‘E° N o00¢ ’] N
§$OOQ|EQOP G3OODMQEPD | D02 IORLOOOM) D §COIVI
; Jam
nut
ff\‘ ran V—I
NSy SR
I
Hexagonal nuts Slotted hexagonal nut Jam nut Regular square nut
(castellated nut)
téﬁlglgln Locknut Formed prongs B
2 Arched base Stamped nut
N
. B J3
Locknut Free-running Prelocked position
seating lock unit spring nut Crown nut Wing nut

Fig (2.8) Many different types of nuts are used on automobiles. Each type has a specific purpose.
Htun Myint Htay (M.E., Mechanical) Page 20 of 74
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2.1.5.2. Studs
o < N [N [N N N N N N ° [N [N N
Stud Q0090 NOEYPCIRC oqooeaﬂlc:e(ﬂo §OOMOA:05C ssqoqoooozcﬂoo@u

Fig (2.8A) Stud Bolt

2.1.5.3. Cap Screws
Cap Screw a820p5¢0 3305egpC:0905 35 68¢(8: ¢(gndeconémrodes]Eenld mopéiefgrns
N ’] co "l N N < O o ° "I N
caoogeolab§oloopdi m(goda(m3503 L Key 03 @203:(goloopSu

Fig (2.8B) Cap Screw Fig (2.8C) Hex Key L Wrench

2.1.5.4. Setscrews
Setscrew 3533&590 or?orgeqpé:ogé U?USGS’]ESGO’](\) 39085:6@003 G(I)OéGO’](YSgiO’]ODéII 39@03

33@5(73 L Keyorcé 39&?:[5){0733&5"

2.1.5.5. Machine Screws

Fig (2.8D) Machine Screw

Htun Myint Htay (M.E., Mechanical) Page 21 of 74



2.1.5.6. Self-Tapping Screws

o
=

Fig (Z.SE) Self-Tapping Screw

2.1.6. Thread Lubricants and Sealants

MEDIUM STRENGTH——

THREADIUEKEH

Locks Threads
Fasteners Aga
Vibration Lopse

Uses: Valve (
Waler Pump
0il Pan Balts

Ideal For Fa:
W To % (6
20 mm) In Si

765- 1”140

= * ‘ “%H-—*r—vf-—mrvr‘ln -_..':'.t‘
Fig (2-9) A contamer of threadlocker.

Htun Myint Htay (M.E., Mechanical)
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2.1.7. Thread Pitch Gauge
Thread Pitch Gauge 03 20qa3q84) 0603 (6§(9§90§2088 ©§6503C:0208E0lo0pSH

Fig (2-9A) A Thread Pitch Gauge

2.1.8. Taps and Dies
Tap s§20p5¢> 3pC:qpapoesepy> 3299:(g[G: Diesjoopder B[pcapaporesepys 3204:(gl
&)éll

METRIC
TAP E DIE SET

Fig (2-10) A tap and die set
Htun Myint Htay (M.E., Mechanical) Page 23 of 74



Flute

— Chips

A

FTg (2-11) Metal chips are gathered into the flutes

2.1.9. Threaded Inserts

Threaded Insert s§o0pS¢0 303E:q003 [0§(0Ca3 ©q8&coyesqeogen c3m0d qodsgudan

m:w(ﬁ@:ewomgog&% S’BGO’](YSG(QO(YS@Z 39[5)5615% saogézqogo?ﬁooo:ewo Insert Thread Rod o

U)(SGO: 610’] &)é ]

Install insert
Drill hole to on mandrel
proper size
’q— Insert
Driving
tang
Install insert
Tap hole to into threaded
proper size hole

Fig (2-12) Using a threaded insert to repair damaged threads.
Htun Myint Htay (M.E., Mechanical)
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2.1.10. Spark Plug Thread Repair
Spark Plug [sj050)325]¢90 20qadqo(g§:030:00050l051 [9§(gEodaesl Threaded Insert §p5:03

@o@:[;)[oqooén

Shop Talk (oSeqpacogas(od)
sooéalwad (Cylinder Head) gegqc Spark Plug o[sjo501§1 gegqc 20qodqd saagudon op
(0§:00050100p5 1

Repairing Damaged Threads with a tap (oo qo5qd(g§:930:07003 00503323:(g8: (0f0cd)

P 1-1. Using a thread pitch gauge, determine the thread size of the |,
fastener that should fit into the damages internal threads.

(‘9° o (‘° C N c C O N N 0(‘° ’] N
Q20203256000 F20RCE)O§) WEODVONY WV IIGO§ 0PC:0200l6pd I

| to be repaired.
393?:[;)[9&5 o0 tapor(é ?%OO%U:)GQ&OSSSOO: Gg:qo’]epén

| P 1.3. Install the tap into a tap wrench.

| 0205 tap 03 tap wrench ¢o o>bzo€oli

P 1.4. Start the tap squarely in the threaded hole using a machinist
square as a guide.

N o c ¢ N C N _C o N N <
00 tap 0 GOODCOSMICOQS SINDHOAY: OOZAIS (cqcogw)
3’3:1%:[5)[@2 (DO)SC\P&SQgé:GlO’]QéII
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P 1.5. Rotate the tap closewise into the bore until the tap has run
through the entire length of the threads. While doing this periodically
turn the tap backward to clean the thredas. This prevents breaking the
tap.

C o (¢] [N N N Q C o NP (o3 <
000 (tap)oy A9]|C0PESEPEEHPINEIIC §DOOMOICOPO0PIPOPCE VR

N < C N N N C N C
ogc:o”ln :agooooej @omoo]oo e@oc:[;).?c\;@o?oomo 20 §4|C:6Q:000
[§5:[§<f: moge(rq‘j[:essoé moogoS$&ﬂoop§n

P 1.6. Drive the tap back out the hole by turning it counterclosewse.
N o Qo C o [N oc N < N C
onm (tap)oq Sely[eeleateslevtoblepic=lepleentely e[g)oc:[g@ cqgoqoocﬂ 1

P 1.7. Clean the metal chips left by the tap out of the hole.
N o N N N ° o N N N
foplen) (tap)oq[é@o?oo@: GO VOGAVIQEN ooooqoooo& I

P 1.8. Inspect the threads left by the tap to be sure they are |
acceptable. :
ISoTes) (tap)@éq?éooo:eoaosgeo’]ﬁm 33035:61030% 00650:0 I |

1

- - e e e e e e e R S En Em e E G m m e em e e e Em e e e e e e e ol

P 1.9. Test the threads by threading the correct fastener into the ,
threaded hole. I
C o C N O N C ° N C C N N 1
C§OMIP: POV ogwmsso?:[;)[@ oqooeqpc:oo§@: VYR |
08:06(03p3 ol |
I
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REPAIR COIL

Note scone
mnark whete
tang breaks
off

HEUCOIL TAP

Guide
theeads

Fig (2-12A) Spark plug thread tap
[o] C N N N < N C O N (NN C C N
Spark plug (Yeoooogs.;@']?o C\)m[gsgogwc\gwcriqg oooqzeqoﬂl I 9§ POOIOCOOGIPM D

§ooSamo Torque Wrench §(o3SeozqolepSi

1 Quick Release Button: 2 The tube body: 3 Click Alarm
T f quick Ove atment is Whe c

reaches to the

‘click" alarm to remind

7. The lubricating oil:

Better than regular oi

4. Two-way dial button:

the simple dial

6, Ergonomic Handle:

e har factured by
n, Th natenal i bber.

8- Automatic locking ring
design:

t's easy to adjust to

Fig (2-12B) Torqur Wrench

2.2.MEASURING TOOLS 03¢&:050600008 §ooogp:

o N N C N N C o C o N CO 09 N N ° C o
ooqnc;«@apqp:ogc O)(DC\)O’)GGJ O’)(DGG')OC(BU)O)(B (ODOOOOC\)O’)@)I O)O)GC\)@U)’.)Q O)OGP(BU)(D(E

Q Q09 Qo O¢ o o ’] N [} N < o ¢ Oo¢ Q0
(0.000GC\)QO’)’D) SQCOO?CSO')OGOS(Q C\?O &)@II CQG a0¢C 39(\8§SQGODSODUJO?CSU)’DGODO mqwoeogo?

o]

c0C:emoligsgsd ©565mMEME03E:0200005¢ FmSulaopdi B@aesoa53C:eocor Digital 3dqdonnd
c03e0l 00e0) B35 EsDEPEA3d 3aguSoOMm 03¢:0200008E0lanpS I

1/8-inch scale

!
TTTTTTTTTTT T

i i
Ll I*|l|l|l|lll|l|| i

1/16-inch scale

1/32-inch scale

1/64-inch scale

Fl_g (2-1_3)~Graduations on a typical machinist’s rule
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INCHES INCHES
_decimal fraction | decimal decimal fraction | decimal

0.397 164 0.016 13.097 3354 0.516
0.794 132 0.031 13.494 1732 | 053
1.191 3564 0.047 13.891 3554 0.547
1,588 116 0.063 14.268 916 0.563
1.984 564 0.078 14,684 3764 | 0578
2381 332 0,094 15.081 19/32 0.594
2.778 7564 0,109 15.478 | 3964 0.608
3475 18 0.125 15.875 58 0.625
3572 964 0.141 16.272 41564 0641
3.969 532 0.156 16.669 21132 0.656
4.356 114564 0.172 17.066 43/54 0.672
4.763 316 0.168 17.463 1/1E 0.688
5.159 1364 0.203 17.859 4564 0.703
5.556 7132 0.219 18.256 23132 0.719
5.953 15/64 0.234 18.653 47164 0.734
6.350 14 0.250 19.050 34 0.750
6.747 17/64 0.266 19.447 49/64 0.766
7.144 932 0.281 19.844 25/32 | 0.781
7.541 1964 0,297 20241 51/64 0.797
7.938 516 0.313 20638 13116 _| 0813
B8.334 21584 0.328 21.034 53/64 0.628
B8.731 11432 0.344 21.431 27132 0.644
9.128 23564 0.359 21.828 55/64 0.853
9,525 38 0.375 22,225 8 0.875
9,922 25/64 0391 22622 57/64 | 089
0.319 1332 0.406 23.019 2932 0.906
0.716 2764 0.422 23.416 59/64 0.922

1.113 716 0.438 23813 1516 | 0938
11.509 2954 0.453 24.209 651/54 0.953
11.906 1532 0.458 24606 3132 | 0968
12.303 31/64 0,484 25003 6364 0.984
12.700 12 0.500 25400 1 1.000

Fig (2-13A) Inch to mm Convension Chart

Fig (2-13B) Digital Vernier Cliper

2.2.1. Vernier Caliper (02§000mao60l)

Automotive Technology

©08000mS0l0692005  30gl: @[OS 32§050305 03C:0208EulaopSi Imperial Unit §

Metric Unit §<§4§_’|{:®0§: o]?lo']ooéll mgmoem:ogé eea%éewooem:% c;g%éeooooeoo: (Stationary

Scale and Movable Scale) §olaopSt

Stationary jaw S
) Inside jaws

Beam with
main scale

Metric scale

Outside Thumb  Vernier T
jaws adjuster  scale H el
Adjustable jaw Inch scale Depth

Fig_(i—14) A vernier caliper.
Htun Myint Htay (M.E., Mechanical)

Page 28 of 74



Automotive Technology

How to use a Vernier Caliper (oo$womm<§o']o$ mcﬁcﬁssa?:@moacﬁ)

P 2.1. Clean the object you are measuring. Wipe it off to make
sure there’s no grease on it, and that there’s nothing in the way
that will interfere with an accurate measurement.

O%é:d)o@é ogé:(rcé OD%ﬂé:Gq:(\?(SO’] I

P 2.2. Slide open the jaw. Place the large, sliding jaw around the
outside of the object you are measuring. Lightly but firmly close
the jaws around the object. Tighten the locking screw if there is

Vernier scale Main or bar scale

P 2.3. Determine your whole number. The main scale on a Vernier caliper tells you the whole number
plus the first decimal. To determine the whole number, concentrate on the inch divisions on the main
scale. Find the 0 on the Vernier scale and compare it to its placement on the main (fixed) scale.
For instance, if the 0 on the Vernier scale didn’t go past any full inch divisions (so it lies between
0 and 1 on the main scale), your whole number is 0 inches.
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< o N N < N o o ¢ oc N N < Q@ Q00 o [o 3N N
200050100R¢  meclendnd wadend 038:0:08E8:  emo05005005 88802003 B3 E:om00lo0pS
N o N o [o 3N oc Q@ Q0 O o¢ oc '] < .
0.000 VM6 3§p5:ad:03¢:0208E(B: 0.0 J888020m0a803E:0908 EuloopSi Fixed Jaw 9o ce:000:6000
oeon:03 main scale or bar scale o3esl(3: Sliding Jaw 6o eqzoo0:6200 @em:03 Vernier Scale c§eslol

ODéII oogwooem:eon 00(3 @é(ﬂ I

0 8 (tenths of an inch) = .8

P 2.4. Determine the first decimal place. Use the tenth-of-an-inch divisions on the main scale to
determine this number. Comparing the 0 on the Vernier scale to the main scale, look at how many full
tenth-of-an-inch divisions the Vernier scale 0 has gone passed since the last inch division on the main
scale.

The 0 on the Vernier scale hasn’t gone past any full inch divisions, but it has passed 8 tenth-of-an-
inch divisions (so it lies between 8 and 9 tenths) after the 0-inch mark, so your number so far is 0.8
inches.

39@)(730’](?088 0&)@83&6@?0[;)6@@)2 U)OS(\)(TSQCD[;)@?O%GG(T{I’SOD@& O.S)(\)(YSGCT% ssqcog.géo’]oopéu

8

2 X 25 = 50 (hundredths of an inch) = .
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P 2.5. Figure out the rough estimate of your second decimal place. Compare the 0 on the Vernier scale
with the main scale again, and this time count how many hundredth-of-an-inch divisions the 0 has
passed since the last full tenth-of-an-inch division. Then, multiply that by what each division represents
(such as 0.025, 0.02, or 0.05 inches).

aoorg@: O:Dé 8¢ 9@0:@5?1@: §5808603J5w[§9§ m§808m$$: 0.0 J§) §G@V30’3<ﬂm 0.08) Q)O’C)qu']

:)Oéll 3’9&'[)&% O.0 + o.og = 0.00S C\D(YSQG].%O']@II

12 (thousandt
aninch) =

Determine your second decimal and third decimal places. Now you are going to use the Vernier scale
to determine a more precise measurement for the second and third decimal places. Compare the full
Vernier scale (not just the 0) with the main scale, and find the first place where a line on the Vernier
scale matches perfectly with a line on the main scale. Once you’ve found it, use the lines to count where
on the Vernier scale the match occurs.
e For instance, lines 1 to 9 represent 0.001 to 0.009, lines 10 to 19 represent 0.010 to
0.019, etc.
e So, if your lines match at line 12 on the Vernier caliper, you will add 0.012 to your rough
measurement.
N Qo N N [oN N o N o N
aom@: m@moemzeoﬁrm FPOOOCRS ec?:ocoo:coToo FPYOOGOR) COROYCH PN §p<ﬂ I @:qc
C 0 _C N N o o < o < co ¢ co N N
SpléeEY Tepleb) eq@&;& I sc;oooocﬂcgaaq oY oleal™%) acgcﬂ:n&)u 0DOOOIOI$Ps 0.000 @gc[g}:ooo?m 0,09 |
coor%eqo%oéu m:o?:eo?é:@éo?m 0.6 + 0,08 + 0,00 | = o.oGJ mcﬁeqﬁtﬂwéu

0+.8 +.05 +.012 = 0.862 inch

0.862 inch
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Example: 0.100" Main scale
0.005" Vernier

0.105" Overall

| 5 10 15 20
0.105" Reading

Example: ggg\g"} Main scale

0.012" Vernier
4.287" Qverall

10 15 20

5
—-/ﬁ— 0.012" Reading k

Fig (2-16) To get a final measurement, line up the vernier scale line that is exactly aligned with any line
on the main scale

25

2.2.2. Dial Caliper (3¢ quSmaodol)

Fig (2-17) A dial vernier caliper
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2.2.3. Outside Micrometer (e3200583058055§807)

Anvil Locknut Sleeve

Thimble Ratchet

Lock screw . .
for rod Thimble Anvil

Spindle

(A) (B)

Frame Rod point
Insert rod here f

Short handle Body
Fig (2-18) Major components of (A) an outside and (B) an inside micrometer

Fig (2-19) Digital micrometer eliminates the need to do math. (8q9000593: € corpozab0epecdcor0l )
(A)

(B)

(©)
Fig (2-20) Reading a metric micrometer: (A) 10mm plus (B) 0.5mm plus (C) 0.01mm = 10.51mm
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Using a Outside Micrometer. (czo

P 3-1 Micrometer can be used to measure the
diameter of many different objects. By measuring
the diameter of a valve stem in two objects, the
wear of the stem can be determined.
O ¢ 09 ° N N N
efmsqleoryaaga?:@[@: Catlepleliealebl=IabaloaloHe bk
33(\50’%83(;'@05" ooo>oo§39@u>oé:§ 333303(73035:
o _¢C N co N
ooo[§: [éo:@:o;ooo’]oo oo:ogo:orgor)§q:q&oae||

I . . I
1 P 3-2 Because the diameter of a valve stem is less 1
1 . . . . .0
1 than 1 inch, a 0-to-1-inch outside micrometer is 1
1
| used. |
1 N N N [N (N N 1
| O20OOCM mmwmeoomcweoooe@ag o -0
L 0056 30508807 = °°[§)o’]e S :
1 o
ROP8g ReGetee !

1

: C o, oc, o ¢ ¢ o ¢ o

| coooeﬂ@). GBO?C.G’QODO:DQJCQC 330)0)@610? 0.0JO
1
1
1

§ G@O(ngo'] :>ogC I

P 3-4 0,600 o)
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P35 0.799) vode

' P3-6 m:@oo&r% Anvil.§ Spindle @o:ooé(ﬂ I

P 3-7 ogogcq(qoorg%éq§ Ratchet o% @é:@é:o;éd] I

P 3-8 Gg_cq_p:@egolemq$ Lock Levercrc?’ araoé:[g)lo'] It
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P 3-9 m:@ooésaqléz 0,209 | ) [gsogxﬂooén

P 3-10 oo:@mésaooo%saqé:o%é:@: [ZO}’D:§O:C\$(YSO] m

©0:032:0300§ 32601 205 1

How to useand read a Outside Micrometer. (Q{o(ﬁas(igooon% m(ﬂ(\?maicam(\\))

If you are a machinist, manufacturing, or engine professional, exact measurements are
an everyday must. When it comes to measuring cylindrical or spherical objects, an outside
micrometer would be the best tool to use. A well calibrated micrometer can be difficult to use,
but with patience and practice, this tool can be a part of your skill set.

ODEODO (D(YSE))CQZQOGI’.)O)O%G(D’.)(YSI (?:%QEUS(Q:%Q?(S&RO’)O%G(D’_)USI 39(%('”8% GBOD(TSGg:O(S:G(T{pé:
@pﬁmé@mﬁ@ééq& G§®§G§O%((‘:8 U%O%O{IO?JO%S:UD?G-?GO&) @[(;90366:?(\?(36:?61?00’] Il &)C\)(CZS’](?G(T&I
oéo}:c}eogo%é:% @p}o@q@ eagoogan%(rgo(rgaogooom agemézac}:ogé:mtg? [gséof]a)én cooCs
emé:gégémogﬁmgpgo?éooozeoao QmaﬂemmoS?mo 03%2618 9(735@(7)’_)829(73§G§0 C\%é@()gll
3leod oé:qé:a?:qé cgécqmcﬂcx%éeoau saeoqgézeog o%éogwcqo§cmommé: C\?50$:

N N N o < o< N N
(Y.HQ:(T?JC?GO&G)(D 39@0)3’3(2020’)@?0]0"

Calibration m(ﬁﬁm?lcgq?ﬁm(ﬁaﬁoaég;o or‘i

ocC oCc ¢ C ¢ 00 C C

07CI0MECHS OOGIO:I0 0 O3 E|UDYIISG oocao:[éczl
c O @0 O ¢ C d c_ C ’] c

209003 802036050 oqooco.[éc. [gsoo 20201
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8055§80200069¢0 clooymB0538C:6034) §oepdaacslmeolcoy (wdcloopdt 0eod (3p5ec¢
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Fig (2-21) Qogé@ooo:copé oeooncr% worg@éqé 39805§§§803§9woc@o§ 78(\5’8000§ m$o&ooeoos
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2.2.4. Inside Micrometer
cC O cOoO ¢ 0O

sgcaqmcfmaﬂgoaoeféooo oﬁneé:?ao%& 390883(9(73(’7% o%éoooc% @OOWOD@QII

(Close-up View)

Fig (2-22) An Inside Micrometer
cC O CO ¢ 00 (o] cC O CO ¢ 00 N [N oOO’] C’]o(‘ Q 9
F2CQMDLMBE0NMN GIVMN MM OOV QL QO @)u FP0MolQopc §o 6ad
Q G Q 00 (o] o¢C Oo¢C '] N . [o] o C o C o ’] <
6020m63 500 6a5600300 0pCi§COIDI Extension Tubes cogo) c930000) 9005333601020

Head

2.2.4. Depth Micrometer
CO ¢ 00 N N oQ C O (3N N N
3ODQMIYEOVMOOPIE 2 §OEPOT]ONCE IO 0D 0PCOMNE @o)o%o@u

Fig (2-23) A Depth Micrometer
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Shop Talk (oSeqpascopas(o3))
390%8:33073390333(7{]3%@:3)0: 0‘)0%??(73 ﬁé:@é@éem:@é:m:@é ?$99$ 39(\8050)0"2 38%60’]
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03¢:07003q0580(g¢0% cvaS(eé eadeogul i
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2.2.5. Telescoping Gauge

/ \

-« Handle

-« | ock screw

Fig (2-24) Parts of a telescoping gauge
Telescoping gauge o3 snap gauge c9copS: esl[moloopdi sgoSmena§)§opo3ayS(acl
<
:)Q&ll

2.2.6. Small Hole Gauge

Small hole
gauge

Valve
qguide

Take
measurements
in three
locations
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Qutside
micrometer

Small
hole
gauge

Hole gauge method
to measure valve guide wear

Fig (2-25) Insert the ball gauge into the bore to be measured. Then expand it, lock it, and remove it.
Now measure it with an outside micrometer.

Small Hole Gauge o3 ball gauge c§copS: esl[030loopSi aacg§eanicuSeonn o3c:enlod
Bore eogor% o%é:moo?:néu

2.2.7. Feeler Gauge

Feeler Gauge qu)’_) ODC?)[[;}’_)SO’]:O’]zGC\):G(%é C\?(Q)ooo:@: 39%330%390’.?_]5010’]33&(‘” G’BCXR 0.00J
C\)(YSG(DG§ 0.000 C\)O’SGGBCﬁ GO’R@CY:DODC{.%[[;)O%O’]:O’]:GC\)ZGOBO'OB opé:ooéeaooagooo:o’]oaéu 8(\)’.}6(-}
0’3 O’QU)CQ)(.‘[SH ()8%;‘?(730’@)266‘[?0)&)85 Clearance O% o%é:mooogfe@epenozogé 390\?3[5)@0']&)@(\"
39[;0}020)(73?(\?80%2608?0(\)@0: 393%:[5)@0’]33@(‘“

Fig (2-26) Typical feeler gauge set
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2.2.8. Straightedge

C N

. (o] o < < N N N [N ~ N
Straightedge Qo pj@oe@ogm@:@: om@geoaqp§ooo>osegcq_p(qcooozorg ©2500§300090
[Ego%d]oap_gn o)orcéorgsgc&f; 8(\)0@9%390@ q|(75§o[;>5 é”e@@oéeao:o{)egd sgoéz[g)lcﬂooén

- “-‘

Fig (2-27) Using a feeler gauge and precision straightedge to check for warpage
2.2.9. Dial Indicator
oc < co o N o oc oc N C N Q@ 00
3CEUOICI G0N0 0.000C0MBGHAYEQIA0  0PCOM§CEIFC C\?OCOO:()"I:D@II 8056
ooo§ ﬁqlo']wéu ssaéz[g)leooo%epeogmeoog valve Lift, journal concentricity, flywheel o0 C§EPCORe0
° N N C < c N < N [N co o oc C OC ~
393?:[9[@0133@” ss[éo:@mcfc\?oc.§:eogmeor>gg COO0M§ 0§VMIZUI0Y 0§ IPAVCIOSF|$PCHEP

coR¢0 sso?:@[of]ooéu

Fig (2-28) A dial indicator with a highly adaptive holding fixture
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Fig (2-29) This dial indicator setup will measure the amount this axle can move in and out
2.3.HAND TOOLS

NP C N (¢} C N _O¢ 00 (¢] N C o 00 C o °
CY)O%C\?OC;‘?%Q?OO?GQ@’] C\?G’QOO?O?C%O’)O?(DQ(DOG%I Q?GQOU?C\?(D&?Z(DG].ODOGOQI (T)Oﬁ(f)@@)ﬁ(\?:
N N < O (¢] N (] N N N OO0 Co [o] N N < (°BN
§ ooozsacqlco? Q?GQOOD(\E @gmceo:@mqwoeogl [5)@0?@051@03?330 390?0(\?061000 33&')06[5)0’](\)@

Gé Il

2.3.1.  Wrenches (2305850503 33(u05320005005603 g4p:)
cogeag09:00:qC(0oep ecdoma305 Keod (MmpdeogcalaopS
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Fig (2-30) A Technians needs many different sets of wrenches.
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Square head bolt

5/8 inch

5/8inch

Y
—

/

Hex head bolt

5/8 inch

~

Fig (2-31) An open-end wrench grips only two sides of a fastener

Fig (2-32) Six-point and twelve-point box-end wrenches are available

2.3.2. Adjustable-End Wrench
ggScdesloy Adjustable-End Wrench o3 scguSor0p@ad:g§Eeus smagudoropaqiodagadogo:
ooorgcoooe@oé 393,}:[5){615 0&1000305 ma@:@[qoqogéeéu

Fig (2-32A) Adjustable-End Wrench
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Fig (2-33) Top- A handy tool containing many different Allen wrenches. Bottom — Tee-handle Allen

wrenches designed for better gripping and easier torque application.

2.3.3. Sockets and Rachets

Top view
1/2-inch
\ 4 square drive
N —~ hole
9/16 inch
. across flats
9/16-inch socket ~_ |
AN

9/16-inch head bolt

v

9/16 inch across
flats

FiE_(2-34) The size of the correct socket is the same size as the bolt head or nut.

Fig (2-35) An assortment of rachets
Htun Myint Htay (M.E., Mechanical)
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Fig (2-36) A chromed deep-well socket and an impact socket.

Fig (2-37) A typical set of socket drivers

Fig (2-38) A flexible adapter is used when direct access to the bolt is not possible

Fig (2-38A) Socket adapters
Htun Myint Htay (M.E., Mechanical) Page 46 of 74



Automotive Technology

2.3.4. Torque Wrenches

N °

Torque Wrench 83070 9305450503 o3030qim3)(03803esepe0 a2ad:(golooadi

Fig (2-39) The common types of troque wrenches
Torque 02§ 3:eopmeomp (ft-Ib) a3ewrod (N-m)§ eclgolaopS

] RN

GRADE 5 FINE THREAD

| 1187 | 715 | 969 | 480 |

13/8"6 | 1,330 | 1,803 885

Fig (2-39A) Bolt and nut torque value chart for sample only.
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Shop Talk (oSeqpascozas(o3)
Torque value o3 o3030qqPS@c30loopSi ©0:8E03 vwom§(MEda5clan 905§ 805qR58:030:

< '] <
[epleple) :D@II

Torque Wrench 3203:(0(0

»  Torque Wrench 06590 (ft-Ib) 0360905 (N-m) § esl[golaoaSi

> 393%:[5){(\%@330 GOO’QOO$(%309]? sgqééﬁooo:o'] 1

> q‘ﬁooo:eoao (N—m)emn%ago:o]m @5@0:@0@0?056 qlf)qlé[éé@: Goopoo%(%:cfﬁ Geporg@aﬁooo

Qo588 oS

2.3.5. Screwdrivers
cmpodappciesloy Screwdrivers o3 coo:cuSoyoonecoieny (oSodmal 3ad:(oclaopS

o= PHILLIPS TIP
of POzIDRIV® TIP

¥ ToRX" TIP

®® CLUTCHTIP
Il SCRULOX" (SQUARE TIP)

Fig (2-40) The various screwdriver tips that are available.

e

Screw
head

Magnified tip

Blade
"

Blade shank
Bolster

Handle Blade tip
Fig (2-41) The blade tip screwdriver is used with slotted head fasteners

Screw
Magnified ~ Nead
tip
Fig (2-42) The tip of a Phillips screwdriver has four prongs that provide a good grip in the fastener.
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2.3.6. Impact Screwdriver

A ' (B)

Fig (2-43) (A) An impact screwdriver set. (B) An impact screwdriver automatically tries to rotate the
screw when it is struck with a hammer.

=

2.3.7. Pliers

Fig (2-45) Snapring and retaining ring pliers
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2.3.8. Hammers

Fig__(2-46) Various steel-faced hammers. Fig (2-47) Soft-faced hammers

2.3.9. Chisels and Punches

Pin punch

Aligning punch

Straight shank brass punch

Fig (2-48) Punches are defined by their shape and the diameter of the point.
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2.3.10. Removers
'] o C N [N [N "l N ’]C o) o N < N N [N [N N
08100692 oqooq?n?oo[élooogega 020568 C20||30 GO0 PO :6OICE §ooe[§omeooogoog
N co o C < N < < C N N N '] N N~ O [N ']
Ciecielel=lopRi¢lloal Havl=reloleblovH=lopwle}] cxgwcxgoongz[;a[ooeo @oooooo 001 3@(\?[5900?39@ Remover

c;ogopf aaoéz[g)m(ﬂoaén

2.3.10.1 Stud Remover

Fig (2-49) Stud installation / remove tool

Broken bolt with
Serew extracton~___R hole drilled in
N the middle

Fig (2-51) Using a screw extractor to remove a broken bolt. o3]:030:0% 97056gpC:03 ©0R330500605020
N N o
$ [g05es0
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2.3.11. Hacksaws (§&:cg)
5 \WSPGOB [590%(%3308(73 %é:(g(yc?) 3’3:1?3[5)[0’]&3&0"

ooacjl eo%s@oo?

/—/Mé o

g

i

(A)
~&— Cuts this way

-
<~—18 Teeth— [«—32 Teeth—»|

e ) -~
Sheet

Sheet
metal metal
Bad Good
(C)

(B)

Fig (2-52) (A) The teeth on the blade in a hacksaw should face forward. (B) A coarse blade should not be
used with sheet metal. (C) A fine blade will work well with sheet metal.

2.3.12. Files (0505:)

N

N o N [} ° ’]wé"

3302608 (905&?(73(%3908(7) oD 82(’7? O:B:O

903395 D VR
Handle . Ed Ti
\ Heel ace ge p
TeIng | Length———|
Round Hgalf Flat  Three-
round Square
(A) or triangular
(B)
Fig (2-53) (A) Files come in a variety of shapes.
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2.3.13. Gear and Bearing Pullers

< [~} Q C N < N N C N
(lealeXWelovaleeplélavtclent [Eglooogzas%j;o SpOvIeVATaIelolabat @looqcﬂoa&)u
1

#

Fig (2-54) Using a slide hammer-type puller to remove a drive shaft.

N

o~

Fig (2-55) The jas on this puller ar reversible to allow for inside and outside pulls.

2.3.14. Trouble light
\~‘\w - -

Htun Myint Htay (M.E., Mechanical)
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2.3.15. Creeper

Fig (2-56) A creeper allows you to work comfortably and safety under a vehicle.

2.4.SHOP EQUIPMENT
N N < N N c o ¢ oc N 00 c o¢
ooeﬁpm@?eoooc@: OPOCYPOGONBLINEC GO ooqo?c:ooo:n@ 0DQUIVEORI COMMNCOR:EORI

3’3@088%@0800301?03680052(% 033980’] :né 1

2.4.1. Bench vises

OQé:GOgO% C%(YS?O 8863 393?3[5)[0’1338(‘"
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2.4.3. Presses (800d)

Fig (2-57) A floor-mounted hydraulic press

2.4.4. Air-powered Grease Guns (a26a8¢s]¢:)

GC\DSSO:&%:SD(;&%G?:O’)OO’S&)EQ 08%0610’3809? GQDGBO:QC?)O'] :)Oé I

Htun Myint Htay (M.E., Mechanical)
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2.4.4. Oxyacetylene Torches (ea0058830050000¢:(g05005)

Cylinder
pressure gauge Working

pressure
Working
pressure gauge > ( ) 2
Cylinder =W

pressure gauge

Cutting
torch control

Onl/off
valve

Regulator

Twin hose

—

Acetylene Oxygen

cylinder  cylinder
Fig (2-58) Oxyacetylene welding equipment shown with a cutting torch.

2.5.POWER TOOLS

Shop Talk (oSeqpaeeogas(nd))
ololopiegadad:oiaesl  Safety o moging@addcdoloopdi ololadpSen agidedt ecomoi

u%dgaccpmo%:?ao:cog(ﬁ Eﬁ(\%(ﬂ&)éll Q}J(SOQQ)&?:G]E OOOSC\%OS?OG@OOSGIO’]Q)QQII GC\):?BO:O?:GI&

QI('YSOO)CD?O ?:gléqo']&)éll (ﬁ(ﬁacqomogm:oézqé QRGOD%CU?SD@ 39%6?)(1%?10 :Dgll

»uSololop:addadiad: wodial @a3:g8pS:03 covgpenycooqulepdi 3380y oaduSeqarony
Personal Protective Equipment (PPE) coy 0oSso&qolenSi

wéwooécw@ém&mﬁcmﬁa@q& O(c)Gﬁp?O 39(\?5(\?5&&3903(\'?36:1 GZD:G?%G‘PQS(TJE:&‘[E:GGF(Y%

051000305 C\?(SGO:GIO’] Gé Il

01010?2:(?030?8%60303@(\ QRU%QUSC\?(SGDDOOQ&Q:GU& U)OSO%(T%&U&OSGGO&:?éGI@OSQgUJO
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2.5.1.  Impact Wrench (a2¢:005¢¢)
2810059608 ccomod  ad:[ooloopd ;RE0eSe0ee0d F2E:005q505 scudadsa0nd
3805@8@8@0:610’]30&0"

Fig (2-59) A typical air impact wrench

2.5.2. Air Ratchet

Fig (2-60) An air ratchet.

2.5.3. Air Drill

Fig (2-60A) An air drill
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2.5.4. Blowgun
o N [N [N ° N
BIowguno? GC\)8’3’32§ &)‘?ﬂC:C\?OQ’)S’BS’] 8’33?2[;)[0']&)8"

Fig (2-61) Two types od air nozzles (blowgun)

2.5.5. Hydraulic Floor Jack

A aaha®

I‘:ig (2-62) thatver you have raised a vehicle with a floor jack, the vehicle should be supported with
jack stands.

Fig (2-62A) Jack Stands
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2.5.6. Lift
Lift ac%ooo 000:0'3 eooé@: mo:essocﬁ(%é:c;ogg;o 390;5(\?5%&% 39:1%:[5)[@5: @ogoqoaéu

Fig (2-63) An aboveground or surface mount Frame-contct lift.

> 2

Fig (2-64) The typical setup for twin post lift

Htun Myint Htay (M.E., Mechanical) Page 59 of 74
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Fig (2-65) Make sure the locking device or safety is fully engaged after the vehicle has been raised to the
desired height.

Htun Myint Htay (M.E., Mechanical) Page 60 of 74
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2.5.7. Portable Crane

Fig (2-66) Portable crane (or) Engine crane

2.5.8. Engine Stands / Benches

Fig (2-67) Engine Stands / Benches

Htun Myint Htay (M.E., Mechanical) Page 61 of 74
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SPARK SPARK

INTAKE PLUG
YALVE

EXHAUST EXHALST
VALVE TALYE
AlR
AND
FUEL
~——— COMBUSTION COMBUSTION
CHAMBER CHAMBER
PISTON —
CRANKSHAFT
A B
SPARK
INTAKE
VALVE PLUG INTAKE ~ SPARK
EXHAUST YALVE PLUG
VALVE
-~ EXHAUST
42— VALVE
EXHAUST
GASES
[ COMBUSTION COMBUSTION
CHAMBER CHAMBER
BISTON
PISTON
c D
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CHAPTER (3)
AUTOMOTIVE ENGINE DESIGNS AND DIAGNOSIS

3.1. Introduction to Engines

('DO:QJO:(’YC?) Ga(\{l’):@@’)é:?éq% 338(?_]80'] ﬁo]wéu (730:8’38(“8%0:39020?:(73 gecﬁsaéqlé?é
@000388395(“8&3@3 §§q?|[:§[§o:$é@: @ﬁ%é(ﬂé?ééﬁl[ﬁ@(\%:wé 39088282@(\)05@010%(@@030398(“8

(Internal Combustion Engine) saqj:meoiqp: (9o(mcloopdSi méqéadnd 883ec0n3  cepesocomo

BisconecloSogenfai g dlclageofas: [gdolongss

o3 @ eoracf)o aeoosacodco?:no 3033 @[E:@ ooammo 26203qs ogcmpj 39339 EEOTOO@M
3@ooagcq|c§ @oooaoaacqlcaaeoo aaqlooeogoo sgoraorrzoc[;soeooocopg oiorgq aacx?oogoqooeooo
33@000(78@0 :Q eﬂo]oagu

eoo%agsfaétuéoaé 600598§<§Gm09€ mocpfﬁogm(Carburetor)me§ chec;oeo @
saérﬂéoéoopéooo 060058 [59(?:8035000 sag{q‘ﬁﬁ. (et e@qﬁogc 00050006 (Spark Plug) ) 8: ogoo
Go@: 8@(\)05:@07080?000 o]o]sﬁleo)(ﬂ oap_.%u

SeuSmlqloyc  mEqtadad emméecﬁ[:obo%wooo&g@: 06000¢ (6828500 aaggqcﬁl?,g

56 ¢
3903({]08&?@?]%088 G-?’.C)@Qg? 8@&5@?33?%3980860326“020’01) [59%2@02@0[;0}52[596 gemézeongcrémo O’]O’]qq

GO()’] Ooé ]

Figure (3-1) Today’s engines are complex, efficient machines (Segeaodonnamiqleoganps magsqdeag:
[§: C\?&%égézfﬁem&m&w&gu

aomcg,a’]ooemo(rso% 335(;15:7)@(\)0(75(\%@9@: asémésjag@:ac}:eg(%é: [gso%oqoaéu 38°$33 (Cast
Iron) a%eo?orc) 390&8%.)05 (Aluminium) § ooéeaooorgo']:péu aocué:ﬂmemo@cjogé eqago:q%
eqpaooquogo:q$ aaeoqorgc{p: c;&(rSooo:o']:Dpén oogmooéegc\qp:ogo:mosga?&\?ﬁqg aomé:ﬂqp: (ﬂﬁ"m
cﬂoopéu aocoé:ﬂooc;coo&ﬁogé @@o:@&@a@éspogéuﬂo:cﬁ ooéaoéqo']oaéu

Flgure (3-2) A cylinder bIock for an eight-cylinder engine (ﬂox\? oq aomccﬂooemoooooo)c\? )
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N ’] c O [N '] N T C [N ’] N N '] [N N ']
sococslwmay  sococaloneaonmiaeeolen  onosocqolaopdn sococslomeanmse sococs
morgo%or% Head Gasket [E_Jsé ooéaoéqo]ooén aocoéa]mngoaé Combustion Chamber 38m (ﬂ%’l@:
0césladad s@oésgogorg Inlet Port, Exhaust Port qp:oqé’loq:)opéu aomés]mogoc%mé: og%oo (Cast
Iron) 0360305 3088w (Aluminium) § oopSesoonSolaopSi
< ¢ o¢ N N ’] N N Q N ’] [N ’] < N N N o 0o O
0BOOICAO0§C S0COC3 uooo@o:ogc Szeconceolmagolaopdin veeoncoopd 39@39:?:(30351@:
aoméﬂobogé ooé:ooé:qé:qé: ooéooo:qo%oéu aoméa%m:o%:cﬂewosaécuécgé oo%o:ooéem:o.'?:é’l
[: 0o6cd:q)C:a005 Intake Stroke, Compression Stroke, Power Stroke, Exhaust Stroke cop sacopd oy
N < N o ¢ C N < N N N c O N N _©Q
[Ego)@;?(ﬂoap_au 3C050000P00RC VOBOICIOD GIDM VM, ege@@: Inlet Port gge§@: 6CO§0IBEEP
sgc;ﬁ;oor?? aomés]a’aogé: oéeo)(ﬂoapén og$:oqc73ﬂézoorgc°)og5 oé@méwé ssc;oT@US(r% eas§[§3: Inlet

Port §<§ Exhaust Port 803@@@: GC\D%Q%S’BGSPS’BG:?O(’Y% 8:)3807:>al3§|| aoméaqsgogézﬁeooo

o]

N9 [N o¢ < < N9 __0O¢ Q Q Q Q Q
Gm.§,aosaeepsae§oa)@ (.9:39026”03@3 333{61@038: Q{IO:C\DOO’]:D&II 3?333%]‘?08(: Q000000 00602
o < ’] Q Q '] [N Q C 0 < Q < '] '] o’] < Q Q < T < 0
C\?(’DGCDOS’B@ 0:6Q0DCG0O (73(78(73’3 ooooocoeogyeo:[éc:[ég olo 6]510 :D&II OO)OO’)CZD& 32601000 CY?
< N ’] Q N Q 0O [o] N < N c O c < ’] N
[5)@(7)00@030399 @3@(\)003@3@330 63?3@8@080? Exhaust Port O’)G§ S’BCQICS’B[E)CG(Y)(T.E QEU)OOO OD&II

Qﬁ&%@é Oé@mé&)é 338(“86\3088 8’3&3(’75@3900’3 GaC\ZHOSGs%O’]CDéII

Figure (3-3) A Cylinder head for a late-model inline four-cylinder engine (SegeaoSeco: cd:ad:onoiad
(?J(Q:e:l aomé:ﬂooo%(e)

3.1.1. Engine Construction (sgé(néméeaoocﬁoooz(})
N2 N N N N N N N N "I ’] N C o
olepli{oatatic=Telgl[el=lopleNob) ;?@:op_ao[égeo:zgo@gm@eaoomooo:mo ololaodcoicao0mg

|

y
=z

=

\

" 4
“;}

,f\

,?V
A

Figure (3-4) A typical late-model engine (e058m0:32E €6 50])
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3.2. Engine Classification (s qié 0§ :300:3(g02(5¢:)
N N o o] o N N ’] OQ° N °OC '] N
3EqICe0z03 38man:(e¢ e320050]303¢: J(ga:doloopdi
(A)Operational Cycle(mo:aaécuéeoo%qp:eno:d% 4 Stroke @é ooéeaooogooo:oqooéu macﬂlsaqézemoé:
o@s:;f:rnéeogo% 4 Stroke @5 ooéc;aoocrgooo:o]wén)
(B) Number of Cylinders (aoméé]s@eqs@og(ﬁ) Qp:c;ooosgo:[gg(f: socoésl Q001 Gadsl §ad: Bad:l ©ad:
0009:1 O Jods o)oap_g[;sé oop_&;aootﬁ@cﬂooén

(C) Cylinder Arrangement (soco€al0opSee00050) 28maeoz(sé Flat (Opposed), inline, V-type.

; WoridCarFans.com
Figure (3-6) Inline Engine Block (aoméefle[éo(rgc\%:of?’: @éa%é:saémcmemo(ﬁfe)

Figure (3-7) V-6 Engine (soco€ale(gondad:ad: §o6aEqld)
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(D) Valve Train Type (v2:329$ 3280509 5)

39800330:[59@ m:s@gésa805§§eﬁ[:§] é
G830l 20nS

Overhead camshaft

Idler wheel for Connecting
tensioning belt. rod

Toothed
non-stretch
drive belt

» Crankshaft

Crankshaft
sprocket

In this design the overhead camshatft is
driven by an intemally toothed belt, and
the cam lobes act directly on tappets
mounted over the valves.

Figure (3-8) Overhead camshaft (OHC)

Maoe p 1 :xltoclmr‘ shaft

— =
Valve clearance
adjuster

Exhaust valve

o " Pushrod

Timing chain

sprocket

Figure (3-9) Overhead valve (OHV)
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C N Q N

(E) Ignition Type (gaéqlcoo@o e:emceo?ogozgc})
8:ec0ncecladogd sodqjsioloopSu Spark Ignition § Compression Ignition o3 [gdclaopSi 6005
Bwlqogc ©0050c§8: Spark Ignition o3 a%:0la0pSi §endmcqEozé poo50dedqd Compression

lgnition 03 23:0la0aS 1

(F) Cooling systems (saqC0d a@63:60:066)
[ N C O cCO O c [N N c O o
G(\)@G@:GO:®§®§ 3’361839@33:@0:0@0&?@: ?O(:m:ﬂGOOOCD@: 3361@33@33:@0:0%@0? QQQ?:E)I_

@o']oaén

(G) Fuel type (gaoéz@lewo aggachl::«am:)
N N N ° Q o c 9o N Q Q c o
00:3CQICORC :«ao?:[é[eooo S0Q|[:OARQEGD 200301 WD IDD0EVVGGI 606§D IRV

0§85:03 [B8[@C120p31

3.2.1. Four-Stroke Gasoline Engine (3:007800058832¢ /€ )

020:600:600:60308 820588 3EqEn607 gproloopSi @005883EqIEzc 88Fec003 capesomo

[N [N N [N C Q [N Q N ’l [N ’] ’] ] ’] N .

2EqIEd  mpdeu:mn ©0oSocwdm  8:acdesB: S:ecoofecladogonn  clolgfoloopSi Combustion
Chamber a820p5¢0 0600EB35§ socvEaluoodaR(M0esepecw: [¥d0laopS VSeOEadP5 6o s0coCa]
Dopé Bmao0Semm05egeseaomap (@O0l

odoonCmes Reciprocating Motion q8: Rotary Motion qeasol elgac:adeozqolepSi o303
G@oé:cﬁeo}eﬁ Crankshaft (73 @o%:[g)lofloopén

Pistons Connecting

Crankshaft
Figure (3-10) The linear (reciprocating) motion of the piston is converted to rotary motion by the
crankshaft (@mdgemﬁeaegﬁ;ewosaeamee? mla_goorgeef;eoooage&&% e@oé:cﬁaﬁ m%’lé:cﬂf)o% 33&%:@0']
0p5)
N C o N N 3 C o [o] N N N (9] N N _O
aomc:ﬂooocx?:ogc czhou e He R YoTabk: ﬂo']oo@n Inlet Valve scooodeoson aoc\accﬂooor?
60§ 3839qu396§00$ oopéeo:eﬁ 393.}:[(:)[0’]ooéu Exhaust Valve 3805@@000:0% s0E3ladm

826(\308@)2633’3 39@5:39(7{]%6%)(%% @US[{))OC)Q§ 393%2[;)[0133@”

Figure (3-11) Acutaway of an engine showing the intake passengers (blue) and valve and exhaust
passage (red) and valve (@Enespéwé Gaéscocy%m:§ em%a@a@oémé:@sé@: afageapco:ooé
38C)€)G@’_)C902c§ 380%@@0@8608 %(7538026&)’.)(\)(33 [59(%‘)0’]33@0)
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(‘° N o o < o < o < o N [o By o N o ¢ o N [o] ’]
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CD@II 008%020%338(;3380’)@061@ ('Deﬂ() Camshaft O’.)Gs? GBC\?OC\?OO’]:D&II meﬂooo@ mfﬁc:ﬂo§
o ¢ N N <

6”0’)&3(73@08[-(:3: Gaeﬁé(ﬁm:fao?oo?éq&ooéu Cam &%O’)’J méﬂ(SGOTOgéﬁGZDO C\?CDGQ):%O’]:DéII

‘ } Opening
| Nose | flank
Closing o~ e — -
flank \ thift
Closing Opening
ramp “ ramp
Base
circle

Heel

Figure (3-12) The height and width of a cam lobe determine when and fow how long a valve will be
open. (méeﬂﬁcoTa?oocm:oo ooeﬁ%m:o% eq%ag%@: og.%:c{%or%o']oo @o:géogo:@: c\?ooec?ogogogo:(ﬂoo

0)0601%3903@@05 00:[5)%8&)3803()’] ODé II)

@o:asgcf:aa(%ogc\?éooocogl QOUQ)O(\)(S(D QOQZQUSOOOG%I oo%o)ooéeac\ﬂo:efeogoaé 3902(\?339%]%

O’%O’SE%Q%G§610’] @éll

3.2.1.1. Four-Stroke Cycle

Stroke an%mo aomés?oﬁg;o 39@on@§6330053908 (33) cagoogmeq}ageoTagogogo:or:)agogozag
eo:[@o&ﬂooéu m%&g@mmée@@: 000mEm :neoTeasoUSeae@o%agju c%:oor?f)[é@f@ m%&ﬂém §<§
oo%mp_gqcﬂoop_gu ooo%oor%méqé QGoSmﬂméq@oo? ‘?03005093 7Jo§o§m§q<ﬂoap_§n o>o?<°)ooo°)?39
0808 ooogoeﬁméq(ﬂooéu

3.2.1.2. Flywheel
(}’;:oo?éaa&uécfo 030?8000363?06 cﬂo}qoooa@eoog q%@o?f)o\?:egasogcﬁ méf{.écﬁ (ﬂo%\%cﬂ

ca:005n ;3ololod  eaSE:8:a50d 3§03 ec0atoonzqoloopdt  wa3c:8:05c0p5 caroe(mo¢
2O : 0 OQCiQi0eD QR 601 QQCi@icoco .
RI§00deny 0a53dapd8EulapSi Manual 8uooewons§mmarbaadodmcqiengen ©adc:d:adanps
(03202003 3203:[gq[8: ca2503800evon5 s boyaacqEogé  Flexplate § Torque Convertor o3
3232982 compm§wo0Bm BePSeozm ©a3E:8:053(wd BapdaadulaopSi

sorocEr SHIM - CRANKSHAFT CRANKSHAFT
CAANKSHAFT selSthes & FLYWHEEL

CRANKSHAFT ~ SEE LISTINGS
PULLEY

DP619

fl I
st tisiis DP410(3) 138526 (4
f@r‘@ UKC1937" (3)  UKC4254" (4)
3 ‘) {-1500 08T 1500 0
‘ 201350

M3 o
0L THROWER ALL MODELS ~
SEE LISTINGS 1

NUT - N\

THRUST WASHERS
SEELISTINGS

CRANKSHAFT
SEE USTINGS

FLYWHEEL ASSEMBLY
‘SEE LISTINGS

Figure (3-13) A typical flywheel
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3.2.1.3. Intake Stroke

000689:0096005  3E:03050070(wd0lvaSI  3E:0305009003E  vdooEmen]  (top dead
center) mes c3005005056ges(0: BEBY§90 F2Er00500:9¢es(8: cco§a8mmespaneso ofeapadarad]
051 0600 EmN5056g030:6000e(03¢  0cCaladen BaenigpSiogaiclovpdi [géoecoopm 3320:3
q:62006(030¢ 60§ 8IBeapIIEsoe0y 0eapadaovlpSi mgEéqezes 038pqp(turbocharger)
(Supercharger) ecogonds0é0n:(8:  32¢:0305007503¢  0cuCalad  ofespade(esen(@:  aiqiolal
(céemézeo:oqoaéu 3E:030502:80503 308 G@%@ggaecpgae§o (air-fuel mixture) 2ep) oéeeporgo;@oq
0p51 0600o¢  (bottom dead center) eqpoSoaes! 3E:coadvo:805030:6120a5 1

SPARK
INTAKE PLUG

EXHAUST
VALVE

COMBUSTION
CHAMBER

PISTON

CRANKSHAFT

Figure (3-14) Intake Stroke

3.2.1.4. Compression Stroke
N N N N N N N c O N <
0R$0QMQC:0070000 oooonc (bottom dead center) oocs aac;oToooorE@ooceamoo@:m
N N o ¢ ¢ O _¢ N N N [o BN ge] C N N9 .
@oocoq@u 32C1000000:0020 oooe§@)[§o@): aomc:ﬂooej;o oooec;@?@[;so)o? 60§ 303PCEIVED (air-fuel
. o N N N N O o¢ < o O ¢ c O (ol N
mixture) 07 VEEOCICONICOM BADEHID woooogozcﬂoo@u wofooeoooe@og G308qPIND  PYF|$ORO:

@ém(ﬁc\y_)o’]wén odooné (top dead center) [ég%eqocﬁewoagsﬂ gzemoée(ﬂogoéc% 3»30¢20¢

[590%6§0f]@ll

INTAKE

VALVE

Figure (3-15) Compression Stroke
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3.2.1.5. Power Stroke
'] '] C N N C Q N Q N ’] C N C O Q'] N N <
ololeop0E ©0030CO0Mm e:sooB: 6:6002C 60l OFMD PO 0IRJI [g)c:oo§eoooeso:
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Figure (3-16) Power Stroke

3.2.1.6. Exhaust Stroke
oo%oooéoap_g (bottom dead center) esporgo'x@ 3305@@0@095@0)50’]@u aomtc:sf]or\)ogé 8:
N [N C @ 0 N N N \N90 O o N N < N o
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00320 00QC 6§00 39[5)0(9030? @me@e@q:me@ogmogo:(ﬂoagu 3600 q:@o?o@gmo 01010003@9 Q9

SoSTaraSi
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VALVE
EXHAUST
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[ COMBLUSTION
CHAMBER

[ PISTOM

D
Figure (3-17) Exhaust Stroke
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3.2.1.7. Firing Order (eoméﬂob@o 8:@(\)08@0]030@338? saogafa@é)
»05000¢3]B:q¢ muSmocolalon Siecnlevlodazqendasdonnnl mEqémodapdogeogamn ©f:
oo:oqogcx?f)ooo:@& Esogcﬂ:nén poed aomés]em:cx?:o@:saétuéoaé Firing Order 1-3-4-2 oqo%ooouﬂm
C ° C Q N C N N ° C Q N C N N N
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COMMON CYLINDER NUMBERING
AND FIRING ORDER

IN-LINE
4-Cylinder 6-Cylinder
D23@@ D2@@e®
Firing 1-3-4-2 Firing 1-5-3-6-2-4
Order 1-2-4-3 Order
V CONFIGURATION
V6 V7

® @ (@ Right Bank @ @ @ @ Right Bank

® @ (2@ Left Bank ® @& & @ Left Bank

Firing 1-4-5-2-3-6 Firing 1-5-4-8-6-3-7-2
Order Order

2 @ ® Right Bank 1) @ @ @ Right Bank

1) @ (B Left Bank B & 7 (B Left Bank

Firing 1-6-5-4-3-2 Firing 1-5-4-2-6-3-7-8
Order Order

1 @ (@ Right Bank @ @ ® Right Bank

@ ® Left Bank 1) @ ® @ Left Bank

Firing 1-2-3-4-5-6  Firing 1-8-4-3-6-5-7-2
Order Order

@ @ (@ Right Bank @ @ ® @ Right Bank

@) (B) Left Bank 1) @ ® (7 Left Bank

Firing 1-4-2-3-5-6 Firing 1-8-7-2-6-5-4-3
Order Order

Figure (3-18) Examples of cylinder numbering and firing orders
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3.2.1.8. Two-Stroke Gasoline Engine
Two-Stroke Gasoline Engine o3 ooo:mlqiéeogen ©ad:o0ec0005(desol(Bi m§E:qdondood

C\)éq& 0’] O’] U)@QS G].Of]&)éll

Exhaust
port ~,

Crankcase

Figure (3-19) A two-stroke cycle

3.2.1.9. Engine Rotation
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3.2.1.10. Combustion (8:@(\)05(7345:[_5}5:)
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1. Spark occurs 2. Combustion begins 3. Continues rapidly 4. And is completed
Figure (3-20) Normal combustion.
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3.2.1.11. Engine Configurations (sqéogcol§eann socuéslmdmos)
sgérﬂéqp:oaé aoméa]eogor% Inline, V-type, slant, opposed cop ﬁeoc} 3350%5:% OCB&')Gogor%
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(1) Inline Engine
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Figure (3-21) The cylinder block for an inline engine.

(1) V-type Engine
go305mqtmeoy scolslezoy V & onpdesoonsconB: Bo Sndmes @o §ndaead oopd
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[59036]039§u aomf:cﬂeﬁs@[éf:o% emé:@: ooéeaooﬁooo:or}sfaogcrs 39&7]56:139@(3(7% %é@: ooéc;aooo&%é
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bFigure (3-22) A V-type engine.
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(111) Opposed Cylinder Engine
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Figure (3-23) A horizontal opppsed cylinder engine, commonly called a boxer engine
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