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What are the main parts of a car engine?
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Car engines are built around a set of "cooking pots" called cylinders (usually

‘anything from two to twelve of them, but typically four, six, or eight) inside which -
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the fuel burns. The cylinders are made of super-strong metal and sealed shut, but at
one end they open and close like bicycle pufnps: they have tigh’th-ﬁffi;ng pistons
(plu;géiré) that can slide up and down inside them. At the top of each cylinder, there
are two valves (essentially "gates" letting things in or out that can be opened and
closed very quickly). The inlet valve allows fuel and air to enter the cylinder from a
carburetor or electronic fuel-injector; the outlet valve lets the exhaust gases escape.
At the top of the cylinder, there is also a sparking plug (or spark plug), an electrically
controlled device that makes a spark to set fire to the fuel. At the bottom of the

cylinder, the piston is attached to a constantly turning axle called a crankshaft. The

crankshaft powers the car's gearbox which, in turn, drives the wheels.



Watch this photo and you'll see that a car engine makes its power by endlessly

repeating a series of four steps (called strokes):

Intake: The piston (green) is pulled down inside the cylinder (gray) by the
momentum of the crankshaft (gray wheel at the bottom). Most of the time the car is
RIS R VP

moving along, so the crankshaft is always turning. The inlet valve (left) opens,

letting a mixture of fuel and air (blue cloud) into the cylinder through the purple

pipe.

Compression: The inlet valve closes. The piston moves back up the cylinder and
compresses (squeezes) the fuel-air mixture, which makes it much more flammable.

When the piston reaches the top of the cylinder, the sparking plug (yellow) fires.
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Power: The spark ignites the fuel-air mixture causing a mini explosion. The fuel
burns immediately, giving off hot gas that pushes the piston back down. The energy

released by the fuel is now powering the crankshaft.

Exhaust: The outlet valve (right) opens. As the crankshaft continues to turn, the
piston is forced back up the cylinder for a second time. It forces the exhaust gases

(produced when the fuel burned) out through the exhaust outlet (blue pipe).

L Stoke Engine |

How many cylinders does an engine need?

One problem with the four-stroke design is that the crankshaft is being powered by
the cylinder for only one stage out of four. That's why cars typically have at least
four cylinders, arranged so they fire out of step with one another. At any moment,

one cylinder is always going through each one of the four stages—so there is always
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one cylinder powering the crankshaft and there's no loss of power. With a Y-
cylinder engine, there are at least three cylinders powering the crankshaft at any

time—and that's why those engines are used in fast and powerful cars.

How big do the cylinders need to be?

It's not just how many cylinders a car has that's important but how much power each
one can make as it pushes out its piston. That depends on the size of the cylinder,
which, in turn, depends on two key measurements: the diameter of the cylinder
(called its bore) and how far the piston moves out (its stroke). The area of a circle is
7t x radiusY, and since the bore is twice the radius, the useful volume of a car cylinder
is (m/%) x bore x bore x stroke. In physics terms, the volume of the cylinder is related
to how much work the fuel does as it expands, how much energy it transfers to the
piston, and (if we consider how often this happens), how much power the car makes.
So the bore and stroke are very important—and that's why they're often quoted in
technical specifications for car engines along with the number of cylinders. You'll
often see these measurements written in the form bore x stroke (so, for example, 9 *

x Amm means a bore of @ *mm and a stroke of ATmm).

You'll also see the total volume of a car's cylinders quoted in a measurement called

the displacement, which is the volume of a car's cylinders multiplied by how many
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of them there are. (In other words, it's n/¢ x bore X bore X stroke x number of
cylinders.) So when you hear a car described as having a "two-liter engine," that
usually means it has four cylinders of *,° liters or six cylinders of *,¥Y liters. The
displacement is a rough guide to how much power a car engine can make and you'll
usually see it quoted in either liters or cc (cubic centimeters); V liter is the same as

Yon = gp,
How can we make cleaner engines?

There's no doubt that Otto's gasoline engine was an invention of genius—but it's now
a victim of its own success. With around a billion cars on the planet, the pollution
produced by vehicles is a serious—and still growing—problem. The carbon dioxide
released when fuels are burned is also a major cause of global warming. The solution
could be electric cars that get their energy from cleaner sources of power or hybrid

cars that use a combination of electricity and gasoline power.







The hot gases expand, pushing the piston to the bottom of the cylinder. The piston
is returned to the cylinder top (Top Dead Centre) either by a flywheel or the power
from other pistons connegted to the same shaft. In most types the expanded or
."exhausteci"m:gases vérék‘rAémo:V‘ed from thé"cylindér by ‘this ‘s:troke'. The exception is
the Sterling engine, which repeatedly heats and cools the same sealed quantity of

gas.

A piston and its connecting  CAD drawing of crankshaft  Large pistons (aver 0.5 m
rad. and pistons. incl. connecting rod).

Sterling piston engine:

Rhombic Drive — Beta Sterling Engine Design showing the second displacer piston
(green) within the cylinder which shunts the working gas between the hot and cold

ends, but produces no power itself.

1 — Hot cylinder wall
2 — Cold cylinder wall
5 — Displacer piston

6 — Power piston

7 — Flywheels
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Reciprocating engine:

A reciprocating engine, also often known as a piston engine, is a heat engine that
uses one or more teciprocating pistons to convert pressure into a rotating motion.
This article describes the common features of all types. The main types are: the

internal combustion engine, used extensively in motor vehicles; the steam engine,
6;(«“" s o b

the mainstﬁLy of the Industrial Revolution; and the niche application Stirling engine.

Internal combustion piston engine:

Components of a typical, four stroke cycle, internal combustion piston engine.

E - Exhaust camshaft
I - Intake camshaft

S - Spark plug

V - Valves

P - Piston

R - Connecting rod

C - Crankshaft
W - Water jacket for coolant flow
Common features in all types:

There may be one or more pistons. Each piston is inside a cylinder, into which a
gas is introduced, either already hot and under pressure (steam engine), or heated
inside the cylinder either by ignitibn of a fuel air mixture (internal combustion

engine) or by contact with a hot heat exchanger in the cylinder (Stirling engine).
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Crankshaft:

The crankshaft, sometimes casually abbreviated to crank, is the part of an engine
“which translates reciprocéting linear piston motion into rotation. To convert the
reciprocating motion into rotation, the crankshaft has '"crank tﬁ;g\/{fé" or
"crankpins", additional bearing surfaces whose axis is offset from that of the crank,

to which the "big ends" of the connecting rods from each cylinder attach.

It typiéally connects to a flywheel, to reduce the pulsation characteristic of the
four-stroke cycle, and sometimes a torsional or vibrational damper at the opposite
end, to reduce the torsion vibrations often caused along the length of the crankshaft
by the cylinders farthest from the output end acting on the torsional elasticity of the

metal.

Crankshaft (red),
Pistons (gray)

In their cylinders (blue),

Flywheel (black)
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/ . Poppet valve:
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A poppet valve (also called mushroom valve) is a valve consisting of a hole,
Ly Ay

usually round or oval, and a tapered plug, usually a disk shape on the end of a shaft

; ZL s
also called a valve stem. The shaft guides the plug portion by sliding through a -

valve guide. In most applications a pressure differential helps to seal the valve and

in some applications also open it.

Presta and Schrader valves used on pneumatic tires are examples of poppet valves.
The Presta valve has no spring and relies on a pressure differential for opening and
closing while being i}lgated.
o)

Operation:

The operating principle of poppet valves is described in "How Poppet Valves
Work".In most cases it is beneficial to have a "balanced poppet" in a direct-acting
valve. Less force is needed to move the poppet because all forces on the poppet are

& nullified by equal and opposite forces. The solenoid coil has to counteract only the

spring force
Applications:

Poppet valves are used in many
industrial processes, from controlling
the flow of milk to isolating sterile air
in the semiconductor industry.
However, they are most well known
for their use in internal combustion

and steam engines, as described below.
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Camshaft:

A camshaft is a shaft to which a cam is

.. fastened or of which a cam forms.
Uses:

In internal combustion engines with -

pistons, the camshaft is used to operate
poppet valves. It then consists of a
cylindrical rod running the length of the cylinder bank with a number of oblong
lobes protruding from it, one for each valve. The cams force the valves open by

pressing on the valve, or on some intermediate mechanism as they rotate.
Material:
Camshafts can be made out of several different types of material. These include:

Chilled iron castings: this is a good choice for high volume production. A chilled
iron camshaft has a resistance against wear because the camshaft lobes have been
chilled, generally making them harder. When making chilled iron castings, other
elements are added to the iron before casting to make the material more suitable

for its application.

Billet Steel: When a high quality camshaft is required, engine builders and
camshaft manufacturers choose to make the camshaft from steel billet. This
method is also used for low volume production. This is a much more time
consuming process, and is generally more expensive than other methods. However
the finished product is far superior. When making the camshaft, CNC lathes, CNC

milling machines and CNC camshaft grinders will be used.
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Bearing (ball, roller, and spherical shown) (n) The part of a machine within which

a rotating or sliding shaft is held. In some bearing types, balls or rollers are used

between the bearing surfaces to reduce rolling friction.

Bell crank (n) a pivoting double lever used to change the direction of applied

motion.
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Casting (n) Any object made by pouring molten metal into a mold.

Molten Metal

Mold Half
Sprue \
Runner \ \

/— Ladle

Core Pin

Casling —-/

Core

Idler (n) A mechanism used to regulate the tension in belt or chain. Or, a gear used
between a driver and follower gear to maintain the direction of rotation.




((ﬂ“(ﬁf‘l((“‘(((((‘f((‘1““((((((.‘(0(((((((



Car Parts
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sunroof

roof

. Windscreen (windshield)

. Windscreen wiper
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Car Parts
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Bonnet (hood)
Logo
Headlight
Front bumper

Indicator (turn signal)

. Wing (fender)

. Wheel arch

. Sill

. Tyre (tire)

. Wheel trim

. Petrol cap or flap (gas tank lid)
. Wing mirror

. Side window

. Rear window

. Aerial (antenna)

. Badge

. Number plate (license plate)

. Boot (trunk)

Rear bumper

. Exhaust pipe
. Rear light
. Door

. Door handle
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Car Parts

V., R Qs \. sun visor

Y, Syl Y. Airbag

Yookt Y. Steering wheel

£ A% £, Horn

o, gpdla °. Dashboard

T bl . Ignition

V. olie paddd Y. Rear-view mirror

A s Ja il A. Hands-free telephone
9, said

4. Cigarette lighter

) +. Glove compartment (glove box)
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Car Parts

A8 oA VY. Air vent
o9 0K \Y. Door handle
sHAL \Y. Door tray
. ritina V¢, Car seat (headrest)
. Ay s Vo, Seat belt
e s V1. Cup holder
- A VV. Handbrake
puia VA. Gear stick (gear shift/stick shift)
PRI NWE V4. Ashtray
LBy Y+. Accelerator (gas pedal)
L HA Dy Y. Brake pedal
e dy YY. Clutch pedal
B i JSalds ). engine oil temperature gauge
Jgiga y9d Y. Rev counter
Ladaly LS Y. Hazard warning/indicator lights
Laa Sl ¢, Coolant temperature gauge
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Car Parts

Fuel gauge
Speedometer
Voltmeter

Driver information system
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fuel njeckor

intake manifold
valve spring

b m_m,n}_”wggn cap

timing belt wacuum diaphragm

08y

5 s cylinder head cowver

inlet valve L R , : o Spark plug cable
combustion chamber | ; —— 3 S

alternator

exhaust manifold

% & Tflywheel

cocling far

m.m;m block i

v : ,x“- i
P T BN
S pistan |

_ | alr conditioner compressor
iy ol pan gasket

pulley

§

fan belt

ail pan

il drain plug
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V6 Engine — Exploded View

Throttle Body Intake Manifold Gasket

Cylinder
Head Cover
Gasket
Intake Manifold

Intake Manifold Gasket Cylinder Head

Exhaust

Manifold A i SV W) o
‘ . N Q7 @’ Main Seal
Water Pump RS (EPNH S !
=N oA 8 Front Cover

Pressure
Relief Valve

Oil -..:6..\% Oil Pan

Oil Pump

Engine Block
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= 4 Damper
Damper Spring—_ 54

Upper Control Arm
_/‘Stabilizer Bar Bracket

-~
Tins: P 1
3

._ﬁ Stabilizer Damper
' Bar Bushing [ upper

ﬂai_}ﬂ_ Arm

Tralling Arm mﬁmv__mum_. mE.

 Stabilizer Bar
Bracket/Bushing

Lower

Control o~
Arm —d . Lower Control
..’ Arm B
._,_,mm__:m Arm
‘Bushing
Compensator ?aﬂ_w.
| | ...@Em., DQEE_
Trailing Arm Arm A
= Bracket—— Stabi Nmﬁ Bar -
ﬁm:im Arm N



NOTE:
+ Apply liquid gasket to the mating surfaces of the right side cover and the oil pump befare installing them,

DRAIN PLUG 6x1.0mm

45 N.m {4.5 kg-m, 33 lb-f1) 12 Nem {12 kg-m, 9 bt}
6 x 1.0 mm

; ) ASHER
14 Nem (1,4 kg-m , 10 Ib-ft) i pisacg. FLYWHEEL COVER
M)
R / OIL PAN GASKET ®fZ=x
OIL PAN a PN 12 x1.0 mm

120 Noem {120 kg-m,
87 Ih-f1)

D16Z6 engine: \ S R ;

1%15 mgx ¢ . P Tk, dB/
52 Nm 5.2 kg-m, 38 b fp 1o these points. . T e B je |
«xcept D16Z6 engine: L : - . 0

“0x 1.25 mm [ i

a5 N-m (4.5 kg-m, 33 1h-N) ’

ipply engine o to the belt e
thraads and the washors, ‘

i

AOTE: T FLYWHEEL (M/T)

“frer torguing each cop, -

wirn erankshaft to check : o

a7 binding. _— DRIVE PLATE COVER
| - AT}

15 Nem {75 kgm
54 Ib-ft)

WASHER

T DRIVE PLATE (A/T)

Check for cracks.

MAIN BEARING CAP «;‘k‘\

MAIN BEARINGS ——_____

JOTE: i,
Now main bearings must be selecied
¢ matching crank and block
idontification markings.

CRANKSHAFT -
6% 1.0 mm -8 CRANK SEAL
INm (1. kgm, 8 by s ? Replace,
OlL SCREEN ———m () "2y
fx1.25 mm - - v‘\ A
ANm (2.4 kgm 7 If0 - s 6x 1.0 mm
11 M {11 kg,
GASKET - 1 %, 8 bt}
Replace. ““m.,\(\@ 'ﬂ \\
oIL RIGHT SIDE COVER
PUMP ~ ! I\ % : DOWEL PIN Apply liguid gasket
=Y Fﬂ 0 L o 12 to mating surface.
THRUST WASHERS
Grooved sides face outward,
, v MOTE:
J h BREATHING PORT COVER , . ) -
, p DOWEL PIN  MOUNT BOLTS Fhrust washer thickness is fixed
/ O-RING 6x 1.0 mm anct rmust nol be changed by
CRANK SEAL ¢ / Replace. 11 Nm {11 kgem , 8 1b-ft) grinding or shimming,
6% 1.0 mm Apply liquid gasket to
N MNm {11 kg-m 8 bt the halt thraads,

25
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THROTTLE BODY CARBURETOR
SOLENOID . PUEL | COVER FUEL CAP
MMMM%ﬂw , AIR FILTER N

 FILLER
PIPE

CRANKCASE INLINE

BREATHER FUEL FILTER
ELEMENT

RETURN LINE

FUEL FEED
LINE

b ¢ S o FUEL

RETURN » G i R / LEVEL

‘ e . 1 = 7 GAUGE

THROTTLE N _ T A  SENDER
PLATE = S

IN-TANK
FUEL PUMP

IN-TANK
SCHRADER FUEL FILTER
VALVE

ARBURETOR

CROSSOVER
LINE

FUEL
RAIL &
V) INJECTORS

FUEL TANK
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oxidation catalyst
to elimiate carbon monoxide (CO)
and unburned hydrocarbons (HC)

cerium and ceramic ~
honeycomb catalyst structure
\ , tail pipe emissions
reduction catalyst | H20 (water)
to eliminate NOX : " g 02 (carbon dioxide)
N2 (nitrogen)

heat shield

stainless
steel
catalytic
converter
body

pnﬂﬁun
whaust gas ;’ur ﬂx’i’%‘*" |
“|C (hydrocarbons) ensor piug
“10 {carbon monoxide)

NOX (nitrogen oxide)

alumina oxide - AI203
cerum oxide - Ced?
rare earth stabilizers

' metals — Pt/Pd/Rh
major reaction
CO+1/2 O02=C02
H4C2+302=20C02+2H20
CO+NOX=C0Z2+N2
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Engine (Exploded View)

Em:.m_o:»,o_. Distributor

/‘(‘(“.

0<_.=am_. Head Cover
Cylinder Imma Cover Gasket

d<=:am_.
Head
Intake
mx:m:mﬂ Camshaft Manifold
Manifold Pulley  |htake Manifold

= H_, oil Filter 52Kt

Water Pump

Water Pump Gasket

Exhaust Manifold

Gasket Oil Pan Timing Belt

Drive Pulley
Oil Pan )

Drain Bolt Gasket

Crush Washer

Oil Pan
Drain Bolt

26
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440) Intake air

441) Induction system
442) Insulation

443) Instrument panel unit

444) Instrument voltage
regulator

445) Idle air bleed

446) Idle port

447) Idle mixture screw
448) Idle stop screw
449) Injector filter

450) Inner platinum
electrode

451) Ignition delay

452) Indirect injection
453) In-line injection pump
454) Insulator

455) Ignition timing

456) Iron core

457) Insulator

458) Internal spline

459) Input shaft

460) Impeller

461) Input planetary gear
set

yavaran.4kia.ir

9973 Slg» (440

Sl 98 pinss (441

ol cule (442

335l g - guu (443

HLEd 5 ouiss puliss (444

S g (5 0SS (345, (445

P17 599 i gar Siidly (51,20 (446
Byl 593 (slgd § b g palild gy (447
1P 90 o5 Shgols g (448

55531 2l (449

(Sl iz 31 (LB 10 89 5531 (450
Jbxd! .56 @51

priiomo yaf 31,55 (452

R0y 1555 3l ey (453

blus G (454

$5Js Kwasi (455

b1 (g awn (456

blus 6 3 le (457

9,0 )5 ,l3» (458

oUis dux> (6999 y9xo (459

Jlw 085 1 (i eey 0 9 (460

52953 & oyl s ailuis (461
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462) independent
suspension

463) Insulator

464) Inflation pressure

465) Inter cooler

466) Intake manifold heater
467) Jackshaft

468) Journal diameter

469) Junction block

470) Joint pin

Juno Gulsi (462

S sy S (463

S ol 5L (464

28990 (59979 Slep o5 S (465
$99,9 Waduilo oS o ,5 (466
oy Jr9l S o y9x0 (467

ol dpz> (469

suins Jlail cyay (470

471) Jam nut ool 5 0 40 (471
472) Key 4l o> 472
473) Keyway s s> @473

474) Knock sensor

g5 ygpis < a3 ygis (474

475) Key (shifting plate, sge > (475
insert)
Cawd K (476
476) Knuckle
#l3 L (477

477) Knee bolster

N »
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477) Laminated iron
478) Lining

479) Locking gear teeth
480) Low gear

481) Load

482) Lever

483) Lubricant level
484) Leaf spring

485) Lower control arm

486) Longitudinal torsion
bar

487) Load range
488) Lower intake manifold
489) Low oil level sensor

490) Low compression
engine

491) Length

492) Locating lug
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sl G aiwd) §,y90 o] (477
(J295 by

ol (478

ouiss Jad sl ailuis (479
OSous 3o (480

4L (481

o2 (482

of9) b (483

w5 (484

only J S el by @b (485
Sob Sz 25 (486

Gl ;L u> (487

=Y ler Wil (488

€9 Ol (23565 yguniww (489

w5155 25790 w515 o5 H5i 90 (490
ol

SBGL Jsb (491

OBLL g euiss Ja8 ¢ aily; (492
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493) Lock washer
494) Lock nut

495) Lifter (tappet)
496) Lift

497) Low speed engine
498) L-head

499) Lead

500) Lag

501) Lubricant
502) Linkage

503) Lid

504) Lead particles

505) Low octane gasoline

506) Leaded gasolihe
507) Light switch

508) Lighting system
509) Lead-acid battery

510) Laminations
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cyobis iy (493

oobs (s om0 (494

ceui (495

S5 g o Saloly > (496
198 5 5o (497

JH Slgw 9ig0 (498
Plgw b 5L 995(499
Plg s a3 (500
LIl 3Lty ,( 501

byl g e JLail iy o 21 (502
Shas o (503

@y 3 (504

SUST o5 o515 (505

OIS @ o 39 (506

b &1y auls (507

2 Uity ) s (508

Gl = oty (5,50 (509

48 sl 3,9 (510
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511) Main bearing

512) Main bearing cap

513) Multi cylinder engine

514) Mark
515) Minor thrust face
516) Major thrust face
517) Manufacturers mark
518) Multi-valve engine
519) Margin
520) Metering valve
521) Multi grade oil

522) Main oil gallery

523) Mechanical fuel pump

524) Muffler

525) Monolithic two-way
catalyst

526) Metal line

527) Magnetic fuel gauge
528) Magnet

529) Metering rod

530) Main metering jet
531) Main nozzle

532) Main venturi

533) Manifold vacuum

yavaran.4kia.ir

sbol (BLL el LY (511
ol LY g 4 (512
ydaw Wiz 59990 (513

ol wceodle (514

Oygimnny Hlid o5 Cuoww (515
Oy jLid 45 o (516
85l g 4ils 8 cudle (517
Pligms diy 9750 (518
Pl (6 4 Culies (519
&35 8301 Wl gas (520

Jad )z (89, 521

o9y &wdyi sl (522
S (0 3 0y (523
1o 59351 (s oLl (524
(a2, Q) anl) 93 Jumo (525
655 s 4g! (526

sl liko g i gus (527
by ool (528

)53 o 3gm (529

Lol 55155 (530

ol 3l e gu (531

ol (55559 (532
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534) Mixture control unit balio g oaiiS J,i8 sty (534

535) Microprocessor ouijls 5 34,5 (535
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418) Hydro carbon

419) Ignition distributor
420) Induction stroke
421) Ignitiqn stroke

422) Inlet tube assembly

423) Internal combustion
engine

424) In-line engine

425) Intermediate main
bearing

426) Inner ring

427) Intake valve

428) Intake port

429) Inner valve spring

430) Integral seat

431) Idler pulley (flat-head)
432) I-head (overhead valve)
433) Inner rotor

434) Ignition switch

435) Indication light on dash
436) Inlet tank

437) Impeller

438) Insulator

439) Inside air
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396) Head bolt
397) Horizontal engine

398) High compression
engine

399) Hub
400) Heat dam
401) Hydraulic valve lifter

402) Hemispherical
combustion chamber

403) Head (valve head)
404) Heel

405) Hollow stud

406) High speed engine
407) Helical drive gear

408) Heater core

409) Heater hoses

410) Heat exchanger (oil
cooler)

411) Heat transfer
412) Hose clamp
413) Heat energy
414) Hose

415) Heat capacity
416) Hot air pipe

417) Hanger
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Stress-strain diagram

A schematic diagram for the stress-strain curve of low carbon steel at room
temperature is shown in figure 2. There are several stages showing different
behaviors, which suggests different mechanical properties. To clarify, materials can

miss one or more stages shown in figure 2, or have totally different stages.

The first stage is the linear elastic region. The stress is proportional to the strain, that
is, obeys the general Hooke's law, and the slope is Young's modulus. In this region,
the material undergoes only elastic deformation. The end of the stage is the initiation
point of plastic deformation. The stress component of this point is defined as yield

strength (or upper yield point, UYP for short).

The second stage is the strain hardening region. This region starts as the strain goes
beyond yielding point, and ends at the ultimate strength point, which is the maximal
stress shown in the stress-strain curve (tensile strength, T.S., also sometimes referred
to as the ultimate tensile strength, D.T.S.). In this region, the stress mainly increases
as material elongates, except that there is a nearly flat region at the beginning. The
stress of the flat region is defined as the lower yield point (LYP) and results from

the formation and propagation of Liiders bands.



Explicitly, heterogeneous plastic deformation forms bands at the upper yield
strength and these bands carrying with deformation spread along the sample at the
lower yield strength. After the sample is égain uniformly deformed, the increase of
stress with the progress of extension results from work strengthening, that is,
dense dislocations induced by plastic deformation hampers the further motion of
dislocations. To overcome these obstacles, a higher resolved shear stress should be
applied. As the strain accumulates, work strengthening gets reinforced, till the stress

reaches the tensile strength.

The third stage is the necking region. Beyond tensile strength, a neck forms where
the local cross-sectional area becomes Signiﬁcantly smaller than the average. The
necking deformation is heterogenous and will reinforce itself as the stress
concentrates more at small section. Such positive feedback leads to quick

development of necking and leads to fracture.

Note that though the pulling force is decreasing, the work strengthening is still
progressing, that is, the true stress keeps growing but the engineering stress
decreases because the shrinking section area is not considered. This region ends up
with the fracture. After fracture, percent elongation and reduction in section area can

be calculated.



. Straln Hardening Necking

Stress
A
Ultimate Strength
™ Fracture
Yield Strength
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Run
Young's Modulus = Rise = Siope
Run

> Strain

Ductile materials, which includes structural steel and many alloys of other metals,
are characterized by their ability to yield at normal temperatures.

Low carboil steel generally exhibits a very linear stress—strain relationship up to a
well-defined yield point . The linear portion of the curve is the elastic region and the
slope is the modulus of elasticity or Young's Modulus .

Many ductile materials including some metals, polymers and ceramics exhibit a
yield point. Plastic flow initiates at the upper yield point and continues at the lower
one. At lower yield point, permanent deformation is heterogeneously distributed

along the sample.

The deformation band which formed at the upper yield point will propagate along
the gauge length at the lower yield point. The band occupies the whole of the gauge

at the luders strain. Beyond this point, work hardening commences. The appearance



of the yield point is associated with pinning of dislocations in the system. For
example, solid solution interacts with dislocations and acts as pin and prevent
dislocation from moving. Therefore, the stress needed to initiate the movement will
be large. As long as the dislocation escape from the pinning, stress needed to

continue it is less.

After the vyield point, the curve typically decreases slightly because
of dislocations escaping from Cottrell atmospheres. As deformation continues, the
stress increases on account of strain hardening until it reaches the ultimate tensile
stress. Until this point, the cross-sectional area decreases uniformly because
of Poisson contractions. Then it starts necking and finally fractures.

The appearance of necking in ductile materials is associated with geometrical

instability in the system.

Due to the natural inhomogeneity of the material, it is common to find some regions
with small inclusions or porosity within it or surface, where strain will concentrate,
leading to a locally smaller area than other regions. For strain less than the ultimate
tensile strain, the increase of work-hardening rate in this region will be greater than

the area reduction rate, thereby make this region harder to be further deform than



others, so that the instability will be removed, i.e. the materials have abilities to

weaken the inhomogeneity before reaching ultimate strain.

However, as the strain become larger, the work hardening rate will decreases, so that
for now the region with smaller area is weaker than other region, therefore reduction
in area will concentrate in this region and ‘the neck becomes more and more
pronounced until fracture. After the neck has formed in the materials, further plastic
deformation is concentrated in the neck while the remainder of the material
undergoes elastic contraction owing to the decrease in tensile force.
The stress-strain curve for a ductile material can be approximated using the
Ramberg-Osgood equation. This equation is straightforward to implement, and only

requires the material's yield strength, ultimate strength, elastic modulus, and percent

elongation.
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The radius is identical to that given in Eq. (10-7c).
Stresy af locanon P The two stress components at this location are
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Loecation P corresponds to the first principal stress (o} with zero shear stress (1 = 0).
Strexs af location  The two stress components at this location are
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Location ¢ corresponds to the second principal stress (o2} with zero shear stress (t = 0).

Angles B, and B, of the principal directions are calculated by using the trigonometric
identity (tan 28 = tan (1807 + 28)}, or the angle (B) differs by 907, I the principal stress at P
15 (6%, = ¥}, with the orientation ﬂ},, then the second principal stress at 0 is o, = 73, with
the orientation B, + 97, The principal stresses (rr; and ov2) are oriented along mutually
perpendicular directions.

Stress ar location 52 The location § and T in Fig. 10-8 correspond o the maximum shear
stress. The magnitude of shear stress is equal to the rading R. Normal stress (o, ) is present,
and its value is equal to the average stress [0, = 0, = (0, + M )2].

At location 5, the stresses are
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have derived analytically. Mohr's circle for a given stress state (0., Gy, T) is constructed in
the following steps.

Step 1—Mark the Axes

Consider an arbitrary point () as the origin of the coordinate system. The x-coordinate
represents the normal stress (o) as shown in Fig. 10-8. The y-coordinate represents the shear
stress (T') in the same face, but traditionally this coordinate is marked downward. The angle
of rotation (28) is positive when it is in the counterclockwise direction. The Mohr circle uses
twice the rotation (28).

Step 2—Mark C as the Origin of the Mohr's Circle
The origin C lies in the x-coordinate axis at a specified distance [0, = 0.5(5; + )] from
the origin (.

Step 3—Draw the Circle

The calculation of the radius R from Eq. (10-T¢) is avoided. Instead, a point A is located on

the circumference. This point corresponds to the given siress state (o, Gy, 1), which has

zero rotation {28 = {J). Mark point A (o,, T) with the x-coordinate as (o, = (OF) and the

y-coordinate as (1 = BA). Draw a circle with an origin at C and a radius R equal to CA. The

original x-coordinate axisis the line joining Cand A, and the y-axis is perpendicular to it. The

angle 28 is measured from A in the counterclockwise direction. It is zero (28 = () at A.
The Mohr's circle provides the following information.

Radius (R) af the Mohr"s circle: The radius is obtained by applying the Pythagorean theorem

to the right wiangle CBA.







10.5 Mohr's Circle for Plane Stress

Otto Mohr in 1882 suggested a graphical method to calculate principal stress. This method is
based on the first two formulas given in Eq. (10-3g). The two formulas are rearranged to
obtain

Oy + 0, Gx— Gy

o () ———= 5 C0s28 + Tsin 28
o Oy — Gy ,
T({8)=— ——sin28 + tcos 28 (10-Ta)

Square both equations, add, and simplify to obtain
(ohe) - =2 s+ vloyr= (22 42 (10-75)

Define an average stress (o,) and a radius (R) as

_ Oy + Oy
T = ———

alﬁmlmmu.m
B=(=22 Ex (10-T¢)

Equation (10-7b) is rewritten using the average stress and radius to obtain

3

(6r—oa) +1° = K (10-8)

¥

Equation 10)-8 represents the equation of a circle in the two dimensions. Here, the x-axis is
o, the y-axis is T, and R is the radius of the circle. The origin is located along the y-axis at a
specified stress average (x = g,, y = 0). This Mohr circle provides the information that we
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