MODULE 1

YLLABUS:
Piston: - material for piston, clearances, piston rings, types, need for two compression rings, ail
l:nntrul ring, pistan pin.

Piston for IC. eng[ne, piston rings, piston pin, connecting rod, erank shaft, crank pin, cam shaftt,
valves, fly wheel, fluctuation of energy and size of fly wheel, hul and arms, stres:. in a fly wheal ,

rim, simple problems,

Petrol fuel injection systems: - comparison petral |I'IJECIIEIFI and carbureted fuel supply systems-
comparisan —rultiport fuel injection (MPFI) and common rail direct | injection (CRD1) systems.

super charging systems: fundamentals, naturalhr asplrated engmes and supercharged engines—
Turbo charger, turho lag,

Hybrid cars, safety overview Farmula! engine technology: cwcrwew electrical technﬂlugw.r,
: brakes, transmissign tEChﬂOME'}f

: | : PISTON:

*  The piston is effectively a préssu}e -tight plunger that slides up and down the cylinder.
{ *  The pistan converts the pressure created by the combustion process into a reclprocating

mechanical movement,
* The piston is therofare Expused to extreme forces and temperatures during comoustion.

| : * By connecting a rerlprucaung piston to a crankshaﬂ with a connecting rod, the
reclprﬂl:atmg movement is converted into rotatianal movement of the crankshaft.

J J':t_.r4'|r_'ﬂa:'.~g|§+
*= To transmit the force of explosion to the crankshaft.
* Toform aseal so that the high- pressure gases in the combustion chamher dn not escape

into the crankease,
* Toserve as a guide and a bearing for small end ufthe cnnnectin'g rod.

. Desirable Characteristic:

I
- * Itshould be silent in operation both durlng Warmmg up and the normal running.

* The design should be such that the seizura does not oceur.
* Itshould offer sufficient resistance to cortosion due tn:- some products of combustion, e.g.

: Su]phurdlux:de
| * It should have the shortest possible length so as to decrease overall engine size.
* Itshould be lighter in weight so that ingrtia forces created by its re ciprocating motion arc
minimum. :
* Its material should have a high thermal conductivity for efficient heat transfer so that
hi:gher cemprassion ratios may be used without the occurrence of detonation.

* It must have a long Iife,

Scanned by CamScanner




LANDS HEAD OR CROWHN ‘
g 1
UPPORTING %
ED
RING 3 \
GROOVES . \STON PIN :
. . BOSS
OIL DRAI
HOLES
PISTON 7
EKIRT - 7

Fig. 2.22. LC. Engine Piston.

A typical piston is shown in Fig. 2.22. The top of the piston is called head or crown.
Generally, low cost, low-performance engines have flat head as shown.

The crown forms the upper surface on which the combustion pressure acts.

Towards the top of the pistan a few grooves are cut to house the piston rings.
The bands left between the grooves are known as lands.

These lands support the rings against the gas pressure and guide-them so that
they may flex freely in the radial dircetion.

The supporting webs transmit the force of explosion directly from the crown to
the piston pin bosses.

The part of the piston below the rings is called “skirt’. Its function is to form a
guide suitable for absorbing side-thrust due to gas pressure. The side thrust is
produced on account of the inclination of the connecting rod with the cylinder
axis.

The combustion pressure from the piston crown is transmitted to the connecting
rod through webs inside the piston,

Material used

Early engines had pistons made of cast iron. Cast iron has good strangth and
hardness at operating températures. However, cast iron is relatwew heavy,
rather brittle and liable to develop cracks.

Aluminium alloy containing silicon replaced castiron as piston material. It is seen
that as the percentage of silicon in the alloy increases, its coefficient of expansion
decreases. However, silicon is bonded to aluminium at the molecular level only
up to about 12%. ﬁ.!umiﬁfum alloys have two distinct advantages. Firstly, it is as
much as three times lighter than cast iron. it possesses a higher thermal
conductivity, which cause it to run cool. But the aluminium alloy has its own
disadvantages, too. It is not as strong as castiron and hence thicker sections have
to be used. Another important drawback of using aluminium alloy pistons for cast
iron cylinders is their high coefficients of expansion. -

* Cast steel pistons: The pistons cast from alloy steel containing silicon and copper, with
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cadmium plating have been found to be highly wear ang heat resistant
* Anodized Pistons: Anodizing Tmproves the bearing properties of pisto
anodizing is done by the sulphuric acid process and resulting coating is d:ri; iy
in calour. The very hard aluminium ceating protects the pistgn 383INs1 scor] Erey
. ring.

PISTON RINGS:

The purpose of the piston rings is to prev
between piston and cylinder walls, but al

& i
and down the cylinder. p
° (]

Fuﬂf:;. ipns:

To form a seal for the high-pressure gases from the combustion chamber agaijnst

ent gas leakage through the clearance
sa allow the piston to move freely up

leakl into the crank case.
To provide easy passage for heat flow from the piston crown to the cylinder walls

To.maintain sufficient lubricating oil on cylinder walls throughout the entire

length of the piston travel, minimizing the ring and cylinder wear.
The gil is not to be allowed to go up into the combustion chamber whare

eventually it would bum to leave carbon deposits.

Constructions:

K RING DIAMETER—— o
| [*—RADIAL THICKNESS -

"BRIER (WORKING)

TOP FACE

(BIDEY
Fig. 2.58. Ring construction.

* The ring is generally cast individually and rhachined carefully so that when in
position, it is able to exert uniform pressure against the cylinder walls,

* Agap hasto be cut at the ends so that while inserting the ring onto the piston, it
can he expanded, slipped over the piston head and released into the ring groove.
Further, the gap is almost closed when the piston is inside the cylinder, due to
which the ring is able to exert pressure on cylinder walls. -

* Moreover, any circumferential expansion of the ring at- higher operating

temperatures may also be accommodated by the end gap.
The’sealing action of the top ring is due to the fact that the high pressure in the

combustion chamber presses the top ring tightly on the base of the piston ring

'grr::uve, thus sealing the ring.
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some leakage will take place through the end gap ot the rq,

i ¢+ & However,
E. This “:_-akage |5 USEfUl inthat it provides the TJTESSLI.FE for EE:'I.'H.nE

compression rin
action of the secand pistan r|ng
e . The amount of end gap should, however, be determined cautiuugw Excessive eng
' gap would result in blow-by and scuffing of the rings. _
« On the other hand, lesser clearance would cause the ring ends to butt at higher
temperatures, resulting in excessive and non- umfnlrm pressure an the cylinder

walle causing excessive wear. .

i - . -
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| — G
(&)
i | i i . r=sy]
: : )

Fig. 2.59. 'I‘ypz:s of piston rfing énd gaps.
(a) Bull type, (&) Tapered type,
- (e) Seal-cut type.
= The ring end gaps may be either straight butt type or tapered or seal cut type.
- Out of these, butt type is most common mainly on account of itz cheaphess.
* The tapared and the seal- cut types are more effective in preventing ! ‘eakage but
are costlier. Therefare, such joints are used only in case of some low-speed
engines, where high pressure combustion gases have mare time to Ieak through

the gap.

Pt it an a e LU TRy Lo o o Sl A g it o
; +

Materials used:

e The material generally used for piston rings is fihe-grained alloy cast iron
containing silicon and manganese, |t has good heat and wear resisting quélities.

« Chromium-plated rings are usually used as the top ring, which is subjected to the
highest working temperatures and the corrosive action .of the combustion
products. ,

* The rmgs are provided generallv, a porous phosphate coating tc reduce the
scnnng of the surfaces during running in.

» Rings with molybdenum-filled face have also been introduced recentlﬁ,r The
molybdenum surface has larger oil carrying capacity. It therefore, provides
better cylinder wall lubrication with resultant longer engine life. The higher
melting point of molybdenum (2620°C) enables the ring to stand higher
temperatures than other ring metals and thus; resist scuffing.

» Stainless steel oil rings resist pitting and corrosion to remain clean and do not
clog with carbon as quickly as other rings. Further, these resist excessive tension
loss at engine operating temperatures,

Note: A minimum of two ccﬁmpr&sswn rings are required because of the hJQh P essure. This may
be as high as 70 atmospheres. A single pisten ring connot take such high pressure, which
necessitates the use of ot least two compression rings, which divide the pressure between
PIRAnCes, Increasing the ”“mb'?f of rings (which is restricted by the moximum piston height)
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also reduces the desiogn Pressure

between the rings ond the cylinder wolls which resuits in
decreased wear ang consequently Increased life.

Oll control ring:

* It designed to contrgl the oil film on the ¢ylinder wall. They permit adeguate

Iubrlcatla_n of the pistan against the cylinder wall, without excessive quantities of
oil getting past the piston and inta the combustion chamber.

These rings are intended to glide over the oil film as the piston moves ypward,
but to scrape off aj but a very thin film aof oil an the downward stroke angd are
thus known as ‘oil-control tings’, '

Holes at the back of the ring groove can allow the ojl collected by the scraper ring
Lo return to the underneath of-the-piston, — =~

Figure shows sectinns of seyeral tynes of gil
bevelled scraper is the least sevare in jts

action; the grooved type the most
severe, ¢ :

ail drain holas

fal Bevefled Y ow fe} Grooved

PISTON PIN OR GUDGEON PIN:
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s Jtisa member which connects piston an
It chould have the strength necessa,
pressure on the piston!

They are made of steel, usually alloyed wit 5
and then tase-hardened to obtain 3 e
Gudgeon pins are usually made tubular ¢

The two types of gudeeon pin used o)

» Semi-floating:
-~ connecting rod.

d CﬁﬁﬁEftinglrﬂd_

¥ ta Larry the high- loads imposed by gas

=4% of nickel to increase toughness,
“resistant surface. - .
0 reduce welght.

il _ :
Nese are securely fiked in either the piston or the
» Fully-floating: This type of Budgean pin is free 1o turn In both pisten and

connecting rod and s Eenerally used in modern engines in which the loads
are particularly high, A -

CONNECTING ROD:

smalkend.

sastion A-A

Figure 2.39 A simple connecting rad

The'epnnecting rod connects the piston to the crankshaft. :

The function of the connecting -rod is to convert the reciprocating motion of the
piston into the rotary motion of the crankshaft. y 3

‘When combustion pressure forcas the piston down the cylinder, the connecting
rod must transfer the force through to the crankshaft, which:is then made to
rotate.

To reduce the obliquity of the rod with the cylinder axis, its.length should be kept
as large as possible. e ; N

On account to reduce the :n.relraﬂ helght of the engine, the length of the
connecting rod has been decreased from 4 to 4.5 times the crank throw to about
3.5 times ] :

A E_ﬂrnh'lnat'mn of axial and bending stresses act on the réd in operation.

The axial stresses are produced due to.cylinder gas pressure {compressive only}
and the inertia ferce arising on account of reciprocating motion (both tensile as
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well as campressi've], whereas bendin
effects. ;

To provide maximuom rigidity with minim
connecting rod is mage an “-zection
The small end of the rod helds the Piston pin and t
ik _ R :

£ stresses are :aused dye to the centrifugal

e big end works on the crank

¥ made by drop forging of steel or duralumin.

Howewver, t i
' he connecting rods these days are also cast from malieable or

sp'hlerurdai graphite cast iron,
In ge ine r |
general, forged connecting rods are tompact and lighter which is an advantage

from iner i i
tla view point, whereas cast tonnecting rods are comparatively cheaper

bLl Q C 5 5 L a T al 'E'"d l"ed"'" 1 si A=

CRANKSHAFT:

« irna- | : I
”:ankshaftfls the engine component from which the power is taken. It receives
& power-from the connecting rod and transmits to the clutch and subsequently
to the wheels. . . . . ; T

CRAMK WEB : EXTENSION FOR-
" TYMING OEAR

{OR SPROCKET)

AMD PULLEY

\ HK
w CRANK pin MAIN BEARING

- JOURNAL °
CIL HOLE

T THRUST
BEARING

“ " rkl‘ ‘
¥ 41 ile
FROM
| . END
FLY WHEEL END O1L SEAL
) : RUBBIMG FACE

Fig. 3.1. Crankshaft.

* The crankshaft assembly includes the crankshaft and bearings, the flywheel,
vibration damper, Sprcn:Féet or gear to drive camshaft. and oil seals at the front
and rear. ' : '

s A simplified 5_F¢etch of the crankshaft for a 4 cylinder in-line engine s shown in
Figure,

* The main journals are supported in main bearings in crankcase. These form the
axis of rotation of the crankshaft. ¢ 3 '

* The crank pins are the journals for the connecting rod big end bearings.

* The distance between the axis of the main journal and the crankpin center is

exactly one half of the engine stroke and is called the ‘crank-throw’, which

determines the crankshaft turning 'f_-ff-::rt. .

il holes are drilled from.main journals to.the crankpins through crank webs to

Fllrf"!"ide lubrication of big end bearings. Main bearings are lubricated from ail

galleries in the cylinder block.
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Crankshaf

tsare made of |y :

. lgh quality « . " ; .
by either forging or casting, RN R Rn THENS TR M ary 1‘-'mr..,mu

VALVEs:

.y
alves are used to admit the alr-fuel rni:-:r.urn In tlm engine cylindor

the exhaust Bases out at correct timings.
* The engine valves may be broadly divided inta 3 main categories;
* Poppet valve '
> Sleeve valve
> Rotary valve
® Qut of these three, poppet valve is the G.MIWhlch 's belng unlversally used for

aned te foreq

engines,

Poppet Valve:

]

STEM

‘FACE

Fig. 3.13. Pappet valve

* The poppet valve derwes its name from its motion of papp:ng up and down
~® |t consists of a head and stem as shown in f|g
* Advantages: :
» Simbricitv of construction
> Self-centering
> Free to rotate about the stem to new pusltmn

» Maintenance of sealing efficiency is easler.
e Generally, inlet valves are larger than the exhaust valves, because speed of

incoming air-fuel mixtire is less than the velocity of exhaust gases which leave

undear pressure.

o The valveface angle is generaliv kept 459 or 30°,
A smaller face angle provides greater valve apening for a given I:ft but poor

sealing because of the reduced seating pressure for a given valve spring load,
The exhaust valve is the hottest part of the engine, and it is estimated that under

full power conditions it reaches a temperature of around 700°C.

A special high- _tensile steel is required for the exhaust valve, containing varying

amounts 6f manganese, silicon, nickel and chromium.
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* The inlet valve iz 3)sq magde
chromium and molybdenum,

VALVE ACTU -

* |n all the valve
crankshaft spee

further.
1. Mechanism with side camshaft:

" ROCKER ARM

SPRING RETAIHNER

SPRING

YALVE
GUIDE

VALVE

MSTON

% Higher volumetric efficiency.

Disadvantages:

¥ MNoisy operation.,

EETUR e 0 gy

of higl-tensile alloy stoel usually containing nickel,

actuating mechanis s i.e. valve trains, a cam drlven at half the
; d is used 1o operate gach valve, inlet or exhaust, However, there
are different methods of operating the valves from the cam.
Thime Biaios hmﬂdh" divided into two types viz., mechanisms with side camshaft
and the mechanisms with overhead camshaft, These will now be explained

CLEARAHCE

/—PI.IEH ROD

=~V ALVE

Fig. 3.25. Singla row overhead valve mechanism,

+ In these, the camshaft is on the side of the engine and the valves are operated
aither directly by the cams or through the push rods and rocker arms.

« The cam operates the valve lifter which in turn actuates the pushrod. The push
rod further operates the rocker arm, which actuates the valve.

s This type of mechanism is having the fclluwlqg advantages:

» Higher compression ratios can be used..
¥ Leaner air fuel mixture can be burnt.

- - " % valve timing is not precise at high speeds due to large mechanical linkages.

¥ Greater maintenance is required due to more wear at joints.
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Fig. 328, Overhegy
Camshaft-openated mechaiicr i
invenag bﬁckr:t l;,rp: fu]]uw Sk gi: s ismwith  Fig. 3.31. Double overea carnshafl-operay e:j i

CAMSHAFT:

The valve operatin
highly efficiant.

valves),

with inveried bucket type followers

g mechanisms with overhead single or double r.amshaﬁs are

Overhead camshaft means that the distance batween the cam and the valves is
mUCh Shﬂrter due to which the valve respnhse is quu:ker and valve' adjustment
cah be more accurate, :

Moreover, due to fewer valve train components compared 1o the side camshaft
erigine, this system permits higher engine speed. ' :
hMoreover, they have the disadvantage of hi'gher initial custs.

Fig. 3.28 shows si'ngle row valves operated by a single overhead camshaft {SOHC)
_...and aninverted bucket type fallower. With this type of imlﬂwer the ;:arns.haft is
' arranged directly over the valve stems.

e Fig 3.31 shows double overhead camshaft arrangement {DDHE] in w'mch both

inlet and exhaust valves are driven by individual camshaft

s A camshaft is a shaft with a cam for each intake and exhaust valve.
Each cam has a high spot called cam lobe which controls the valve opening.

The camshaft contr
valves.

rarmp

base circle

Figure 2.83 Detalls of cam

ramg

ols the opening and closing intervals of the inlet and exhaust

opening flank

nose circle
et

clagsing
flark

lift
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The ig Ny rqnsfi"Iits : B
pushrod or rocka, mechanism} m Mapny te ,:H"E”ES Meferray te as 5 tappet)
« Thecam fpllower remaj ' TR Valyp PR .
. j M5 stat L =rdirectly gr g 4
L rests ypon the pae, Circle alD;ar uring thay .
it ¥ PN fig e, Part nf ,
flank [oins the bag, tircla, AL “gins ot the cam's rotatian o
the lift Is maximym % Peak of € Point whe,

& the opening
the cam loba)
83525 beneath

Taa ':Elm N
.".-Erth@n fﬂllsa IEhEST Foint pf

: e H ngsi I
L] he cams - i Ng flank
haft s forged from ), e P
case harde ned. Uy steg oF cagt o

m hardenal}le Castirom and = !

*  Spark-ignitign wpei.. ;

; aration ; s o
engines, ‘ : i '3 Bxtretely IMportant for spark-ignition

The Purpose of carburetign je
| the required quantit
_. conditions,

- Definition o Carburetion:

* The process of formation of 3 combustible fuel-air mixtuce by mixing the proper
amount of fuel with air before admission te engine cylinder is called carburetion.
* The device which does this job is called a carburetor.

The Ei,mF.'I_E CEIIEEL[rgy:H‘:

t‘_:' Provide a combuystip|e mixture of fuel and air in
Y -and quality for efficient “peratien of the engine under all

T L e W i

AR

OAT
L+~ CRAMBER

YERTUR
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: at chamber,

Satts. el disep
4 heeq nturi, g throttle Lonarge oy,

alve and 5 thoke.
t Maintain a constap
fuel, - 98t goes g g 0 float chamber

Falls belowy ¢t
; tharehv Opening the fyg| sup

B
he deg;
4]
Bly valve ang oy o <8

d admitsip,

25 the fug) Supply Valya

tube of decreasing Cross-section with
Ube is also known as the choka tube and |s
stance to the air flow,

the velocity increases reaching a maximum
ngly, the pressure decreases reaching a

I"ninirnum ares at the

thruat, Ve i
30 shaped that it ciea Enturi t

offers minimum resi
through the Venturi
throat. Correspands

stream. .
The gasoline engine is quantity governed, which means that when power putput

—is to. be variad at a_particular spred, the amount of charge delivered to the

-

cylinder is va riedf.' _ :
This is achieved by means of a throttle valve usually of thn;a butterfly type that is
situated after the venturi tube. . o :
As the throttie is closed T8ss air flows thmqgh_the venturl.tlube and Ie-5ls is th.e
ity-of air fuel mixture delivered to the cvlm_der and hence power output is
iy the” throttle is gpened, more air flows through the choke tube
redu{ill?dg- ;?15 incfeas&d quantity of mixture being delivered to the engine. This
resultin :

‘ncreases the engine power output,

: arburetor: : 3
_DEM———— cylinder engine: It becomes difficult for a single

Metering fuel supply of multi

niformity
ensure uni
FEAGLED It causes

aof mixture quantity in all cylinders.

icti ir flow to the
arny a restriction in the passage of air

tor:
i at Gf carbu_re_ |
Ve,-.turl thro . . | =
Low Ope atlion | wearing parts, g
- : ) i 2 to pre:‘-en:e af severa |
| I EI Effitientf. Due
carbu - efficiency.
Buretors DpEratE at a lawer ffle i :
R d i : l|:|I.J o nd
Er i..li.‘.Ed vnlumetric EffICIEI'II:‘,'_. 5 Uf CthEt
h ixture waﬂg to thE} presgnce :
the mix

At low temperatures

availability nf-a free flow passage for
ubes, throttle yalves, jets, bends etc.

fragzing can occul
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MULTLEOINT FUEL 1N U

« The lunctions gy A fye
* To monitor the

Hinjec lan syy

Slem ur
| !
ENflne's Operat|y

1nfmm;ll|ﬂn loa
ang dtomlye the

 To transfer this

._ 4 varlab|es,
» Todischarpy

rlmzturlng Lontrol, then
ehinte 1he intomin

fu

) |H-|.|:"n.-

B air stream,

Vatve

Ll L ¢
ﬂﬂuqquu

AlM PiLTER
LhERED " AR
ccu
* An electrically driven pump draws the fuel from the tank through a fllter and ;

supplies the same to the injectors at a pressure which is held constant by means
of.a fuel-pressure regulator.

The pump draws more fuel than the required and the excess fuel is returned to
the tank by the fugl pressure regulator,

+ The injectors are held closed by means of spring and are opened by means of
solenoids energized by the control signal from the electronic control unit (ECU),
e The strength of the ECU control signal, which determines the open time of the

injector to control the amount of fuel injgcted, depends upon the engine
requirememg which are determined by the ECU from the sensor signails from
critical locations.
e The common sensors employed are: :
v crankshaft speed sensor: This registers the speed and angle of crankshaft
without contact.
% Camshaft speed sensor: Also called the phase sensor, it measures the
speed and position of the camshaft without contact. '
e et Recautars Thisds used to recognize the onset of knocking using fuels
i uality. . ; :
E:::Sriiflﬁf::}w sepsor: to measure quantity of air drawn into the engine.

b

height. i ,

Throttle position sensor (1PS) :

Coolant temperature sensor {CTS5)

Manifold air temperature (MAT) sensor

Exhaust oxygen sensor. correction far emission control.

vehicle speed sensor (VS5) | |
Battery voltage sensor: correction for supply voltage to control unit and

injectars.

Y ¥V vV Y YW
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Disadvantages of mpp.

Ul At

”?Stl‘ict-icsn Itm?p:“l Aistribution is obtained,

B ose

Ir'IJECtIljn; thiﬁ im d hlb" the carburgtor venturl |Is removed In the

Fuel con Proves volumerre efficiency o= Peirol

Th SUMption Is lege. =i
© response of

MPF|

MPF| ig maore 0
Speed, load and

the elngine ta throttle control is very rapid,

EEF{ Time for transportation of fuel in the intake manifold.
racise in metering of
4 : temperature,

U& to ingreasad combustion efficiency,

does not p
fuel aver the camnlete operating rangs of

the exhaust emissians are |ess.

Initial cost js very high,
Complicated mechanism.
Increased maintenance cost,

There are more mechanical and elactrical components liable to go wrong due to
wearing,

COMMON RAIL DIRECT INJECTION {CRD1):

iR PR S S0aE
PISTON FLIME

PHESSURE LIMITER

SERSOIE

COMBCIRE 13001 [FUEL LR TIREL Ens PERE)

i

L MRS TS

PRE S SUIRE -
COMNTROL VALVE

TEMPERATLRE
SEEM SO

EUEL —
LR,

' FUEL
FILTER

(o)

CRDI! system [s an electronic fuel injection system used in diesel engine

' a
s The main components af the system are the low pressure, high pressure pump,

comion rail, ECU, injection lines, injectors and sensors. d
e |In contrast to corventional mechanical injection system, here the fue! pump an

i ontrolled.

injectors are glectronically con : e
. Hi:rgh injection pressures are phssible even at low engine spead whi

‘more complete combustion of the fuel. : e
e Here more than one injection is possible in a singte POV

re glactric fuel pump

« The fuel from the fuel tank is pumped By @ low pressu i

through a filter, to the high-pressure pump.
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Thjs high-pressyre RUMp builds u .
of a pressure regula
. sl BUlator valve which is controlled b

S0EE Haseuresomen ¥ an ECU {Electronic Control
Thus, the fuel pressure in the rail Is inde

injected fuel quantity, pendent of the engine speed and the

A pressur i - '
- Thpe‘ fael 1: ::—"t:flﬁllve BUards the system against excess pressure
ected | - '
o The fyel inietl:tﬂrejs!r;h? E:gme by the fuel injector which is controlled by ECU
ed Is either splengid ty i ' |
B - pe or plezo electric type.
The fuel injection pressure in modern CRDI system is up to zzo‘gpbar

Th o = - miod oy F
e lnjection timing and amount of fue! injected is fully controlled by ECU by

measum‘ng Varioys én_gine parameters with the help of various sensors.
The various sensors used are: '

" ¥ Crankshaft sensor

- # Camshaft sensor
# Accelerator pedal sensgr

B Air mass and temperature sensar
% Coolant temperature sensor

"% Oxygen sensor

« Increased power and fuel efficiency due to better combustion.
« Reduced emissigns due to camplete cpn}huﬁtlon

« FReduced nolse and vibration MR g

« Inereased engine life

SUPERCHARGING:

« Supercharging, is the process of supplying to the enging, air fuel mixture at a
pressyre above the stmospheric. '. |

e 0On aﬁ prdinary engine Irm‘ts.lralla,ur aspirateldj, the dnwnw?rd pistan rrjuuerngn[
during the intake stroke creaies @ vacuum in the lnle_t mamfcld,.whir.h is ysed to
draw in the air-fugl mixture thrgugh the carburetor mlto thelcvlmd?rs.

« With supercharging, due to higher pressure, the density of charge increases and,
therefore, its weight per_struke Is increased_ fnr_’lche same sweptvﬂlume.] .

« It is seen that the pOwWer gutput of an engine is almast directly proportion

! minute.

izht of charge per Hid : i
TE :JZE% increase In pOWer and torque may be obtained by supercharging.
- p to I

Objectives of supercharging: .
To increase the powerﬁutput for a given weight and bulk of the engire.
el D X . -I- & .
« Tgcompensaie for the loss of power due £o high altitude.

o . To obtain mare pOWET from an existing engine.

Eifects of supercharein

For same engine displacement, the poWET output of a supercharged SRS
L] or : C

‘oher than naturally aspirated engine. : |
:Irig:i"lechanical efficiencies of supercharged engines are slightly better than the
’ ’ 1

naturally aspirated en gines.
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Mechanie:
high "n‘nmll*,r supnrclmrgml Ote engin. )
! Erthnnitnﬁturnﬂvnsphwt |L”HI”M‘”Wdl!If hjvr'pnmhcf |
) ded anplng, el Hnslim
ot Sl englne; k |
] After
\ Coalegy

Figure shows a compressor cnupled
fncreasmg the speed of the compressor,
: Here, a portion &f the engine output s uséd to, dri
i _ uurpuL increases due ta superchargi
: ~ the angine gross output, : e
* The purpose of after cooler is to send cool charge to the engine far further
increasing the density of the [ntake charge. ~~_
* In general supercharger pressure of 1,3 to 1.5 bar is used.

te the engine w:th step-up gearing for

TURBOCHAR G

O COMPRESSED AR |
1 ] - G 3 COMPRESSOR
' FosE g - i :
—LC.ENGINE cou ) E B
' AMBIENT AIR —1» —?pmwmm
1
| .
¥ = L TURBO-CHARGER
' T EXHAUST GAS - :
Fig. 9.74. Working of a wibochager
. | : y ; | poes waste
» In a petrol engine, about 35-40% of the energy contained in the fuel 8
in the outgoing exhaust gases. harger and 3
» A turbocharger, which employs a centrifugal mmpmssor v i:geéiﬁauit gases.
turbine wheel makes use of a part of the encrgy cantallned ”:mzed i
s The EnferEI‘:" extracted from the exhaust gases IS alsa u

compressor.

AN
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The turbocharger Incluges
together,

A turbin certst
‘ e and a certrifugal compressor coupled
o bExhaust Bases from p

U'IE Engmﬂ EntE‘r

further drluQS_the COMmpressor the turbocharger and ryn the turbine, which
* The atmospheric air enters the ¢
bar (50 kPa). SmaraRsar

which raises its pressure by about 0.5

* Inpractice, we obtain 39 to 40 percent

Advantages of EilthEEhﬂ:g]n &

= Power output of

increase in power,

4 Biven displacement engine is Increased,

To g isti
rque characteristic of the turbocharged engines Is better,

bl T\Irhﬂthal‘ged engi ;
gines have maore B.P./welght : :
i o rat
aspirated engines, - B io, compared to naturally
« P ——— , |
ower loss due to decrease in air density at higher attitudes is reduced by using
turbocharger, -
-

Reduced fuel consumption.
Reduced exhoust gas emlssions.

Turbo lag:

» . Alag is felt by the driver of a turbocharged vehicle-as a delay between pressing
the accelerator pedal feeling the turbo action. This is known as turbo lag,

« This is due to the time taken for the exhaust system.driving the turbine to
gvercome its rotational inertia and reech the speed required to supply the boost

. pressure, C :

« This lag is not there in a supercharger where the compressor is driven directly
from the engine. '

« Turbo lag can be reduced by the following:
1. By reducing the rotational inertia of the turbine by using lighter par_ts. ‘
2. Bycha ng[ng' the aspect ratio of turbine by reducing its diameter and increasing

the length of the gas flow path. ' ;

3. By using a precision bearing, which reduces friction, thereby leading to faster

sccaleration of turbine motor.
4. By using two small turbas, one always active and the other one operating only

_at higher speeds.
HYBRI NGINES:

= A hybrid vehicle is a veh

yehicle.
s eg. A cunuenﬂunai Internal con

cle that uses two or more power sources to move the

1bustion engine and also a high voltage electric
motor.
Types:

% Series hybrid
» Pparallel hybrld
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SERIES HYBRID:
yos the veniche,

* In series hybrids, only the eleciric motar dri

PAR

pd the 1€ engine

~eric mbtor of 1o rechRares the BRtierss

works as a generator to pawer the alectric
The battery pack can be recharged fram t0e 1€ RO + 3 larger battery pack
Series hybrids usually have a smaller combustion engine i ' wva than

n makes them m

as compared to parallel hybrids, wiaic

are Expens

parallels.

= ﬂ:m.md__,‘.ﬁm__,]E

Series hybeid

d YERID:
coannectaed to the

in parallel hybrids, the ICE and the ELECTRIE MOTOR are koth
multznenisy drive the whieels

yack s they rab-rsgie on the

mezhanical transmissionand can st
Usually sarallal hybhride can use a soaaller Barmery |
ar supplemental recnarging.

internal combustion engine and also act 3 generdiarn
icient far highway driving than in urban stop-and-ga

Parallel hykrids are more effi

conditions-
Whacl——)T
Battery a Motor ¥
Transmission
Engine b
Parallel hybrid l
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