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I # Automobilc Engineering
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The gears in a manval gearbax
1
i

<1 ST L . pap | -~ - -~
e JSErs 2re 000 Undsl lpad.soac

(earbox consists of sets of mears that amplify the engine torgue 10 enabia the drivinge force a1 the

road wheels to be inereased sutSelently to overcome the resistance to movement of the vehicle. Also
the gearbox enables the engine spead ta be kept within its working limits imespective of the sosed

of the vehicle. In addition it provides neurral, where the engine can rn without moving the vehicie
and a reverse to drive the A._wEnT bacloarards., - -
Propeller shaft

tubular shait which iinks the gearbox o the fnal drive. Nommelly an open

in which the shafi is mf...n.__n_m_ff

:.'j
[

rni d_wwmmﬁ joints

Universal joints are fimad {o 2ach end of the propelier shaft 1o enable the drive m be Tanso
through a varying angle. This is to allow for the flexing of the chassis components that ¢oours .;..._J.E...
the vehicle is traveling over a bumpyv surfacs.

Front axle
This arrangement supponts the font of the vehicle and s also vsed for stzering.
Rear axie
[His carries the wheels and supports the weight of the rear of the vehicle. The axle is tubular
in saction and contains twa axle shafis (half shafts) to drive the road wheels in rear wheel
Final drive
:

On the vehicle centre line the sxle is enbarged w house the final drive. This pair of gears w

1@ drive throngh 90% and recuces the driving speed

d

Um.ﬂ. rential
T

When the vehicle is tming a comer, the inner and ouier ro:
“When the two road whesls are both rigidly conneciad o single exle shafi, the grearr distance
coverad by the outer wheel causes ong or both wheels 1o slip on the road. In addition 1 causing
excessive fyre wear, this action makes the vehicle difficult to steer. Also axle shaft may braak due to
peiisting of the shaft because of speed difference between the outer and inner wheels. These prob-
lems are overcome by using o differential. This unit ensures each wheel can rotate at different speed
that suits the comenng condizions,

Wheels

wheels travel at differant sne

vehicies mun on four wheels Qteg

T oleta e e e L B

e

Wehicles classified in this category have a laden mass of less than thy
diiferent body shapes and sizes come into this light vehicle catezory, Ti
cars ¢ personnel carrizss {mnini-buses) and smell rucks,

Commercizl vehiclag

Commercial vehicles are used to transpor goods and people safely a
vehicles can be divided up not only a_fn::mﬂu te the position of their

thelr use, their body or their & t¥pe.

Light commercial vehicle

~rermaThese small commercial vehicles are used for the COnVEy tﬁ.nuun, i

v over short distances, 2.2, the type of vehicles used by tradasmen 1o ¢

i rcusiomers. Come .._ﬁ_ﬁ ?ﬂ_.wm

snopkeepers o make local deliveries o th
frueks and mini-buses, g

&, Yanos

Vans are light commercial vehicles with 2
maximum weight of 7.5 t, They are generally usad
for short-range distuibution of goods and passen-
gers. Most vans have a load-cammying capacicy of
shout (1.3 ronnes.

b. Pick-up

When 3 vehicle i3 required for the trans-
narmation of bullky sauipment, 2.z, marerials
carmed oy builders and decoraters, an open
body is often preferred. A light vehicle hav-
ing this panily enclosed bady is cailéd a pick-
.

crilight trucks and mini-buses

._r,ﬂ"w:wn.,.ﬁ..m,._n:;r._.,|_..T.u_.ﬁ_r.mr?
minibuses need 1o carry heavier loads, so
Lhey require a stromger construction and have
to be specially designed to suit the applica-
tion. Since low-cost operation is an essential
factor, most of thase vehicles are fined with

a diesel engine,

Heavy commercial vehicles

OLYSRISIEE, 8 172

anceniraas mamh

tCOTIGSITARSE [Tial ehizies. g ravizw ¢

R DLl T2 s T T s b
SEASI D00 Combal HIS0n o HTMIRSE, LOTNTan




lomg-distance
[reprending on
or driven,

15 o el -and

trailer, s type
1L sei-traiber

e. Bpecial-purpose vehicles
These are larpe vehicles for e tansportation of very heavy loads, They also ficlde Gre e

prnes anel trusks with crane or conerete-puinp bodics. Because of their high permissible gross weigh

and hebr nonsial dimensions, special-purpose vehicles oflen reguire a special operating leense,

|eszac e RAotile crane

Figg. 1.9 Special-purpose vehicles

VEHICLE WEIGHTS & DIMENSIORNS
Blajor weighls and dimensions of o vehicle are axplained helow:
Weights
Payload
The towal weetght of passenpecs and cargo thal a velucle corvies or can carry
Gross Vebricle Weight [GUVW)
CiW s e wecin bl of the veleele, plus the weight of all passeagecs e veiocio 1y desiznmd o

canry, plus e masinnwm allowalbde payioad fpassengers aml crgoy or loggage Toad, s also koo
an lnlen wenglhit,
Curly Weight (CW) or Kerb Weight (KW)
L s The welpht ol s vebicle wel, meaning witly @ full ek of Toel and abl Dowds Gled, Tog
without passengers or cirgo Cugpage),
Dimensions
cerd Chverall lengih: The distanee belween the front and rear o the vehicle measored along the
longitudinal conre line, meluding humper guards, i the vehicle has them,
{8 Owverall widdl: The manonom lateral distance meesured belaeen e sides of the vehicle.
I includes bhumpers, moldings, sheet metal protrusions, ce. measared Lo e ootside ol the
mietal.
i

Cwerall height: The maxnoon verlical distance Do the fop ol e oot we the rood s

face, measured with the vehicle in a curb weight conditon,

{ofF Wheelbase: The distance between the center lines ol the Itont and rewr axles.

{eh Wheel fread (ory wheel track: The distance betacen the longitudinal axes of the impres-
sions (oan the road sucfiee) of e right and el wheels of a single axle ol @ vehicls

0 Mininneme ronning ground clearances The numimns clearines measured fom gromnd

wilth the velicle ina gross vehicle weighil condition.

{e) Room lengih: The horizontal distance along the vebicle's longitudinal (lenpthwize ) cenle
line from the top of the instrament safety pad tothe poian directly above the op of the rear
seathack
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Figg, 110 Wahicla dipnensinnsa
i | i R | BDRpe
distanee between the trimeed interior |:-l:ll.._'\_u s fnces

ey B wickite: The i §al
i
il

iy ol the floor coverng 1o the

Gy Woonn bedplids Vhe peskining vortionl distanes femn the [ R 1)

D fining i
(i Owerbang-frant: The distance lom the center line of the Irond wieels o dhe iront EININTE i
vehicle welding bumper anards (5 they are standard coguipmend I

o Overhane- rene: The distance Trom the center line of the rear wheels o the rear of the [RATRT R
vehicle, imchuding busmper guards 10 ey ave standard couipment,
Age of the

i Angle of appreach: The angle formed by the ground and the line fangent to the Tront tyre

alabe boaded racing ave and the Dirsl |-|.-.|||| of interlerence (i.e. ham it *__lL-:ilil [ vl deflec- 1901 D
fo, fender or sther componenis excluding license plate). lang &

foit Amelte of departure: The anele formed by the ground and the Tine tangent to the rear byre [+
Vil pHl | B b 2

ttic Loaded earling are aned the st point ol mlerference (e, bumper, goard, gravel delloc- . 1903 A
fo Gl pipe, Teoder or ather components exchading lcense plaie i
HISTOIICAL DEVELOPMENT OF AUTOMOBILES -
Mk S
revelopment af the motor velticle, that is to say a laod based vehicle nol Hmited 1o ravelling an i
parile and dviven by an enaine or motor, recerved a decisive stimulus when the internal combustion e
g was invenled e
LR [N Nl R PO

The pioneer years

[%60 The Frenchman Lenoir construcls the frst indernal combustion engine capable of diving, 1907 ¢

itsell, with coal gas us o luel. Bficiency was —3%, 1908 F
VRGT Okt aned Langen exhibil an improved internal combustion engine al U sarld exhibition Lit
in Parig. Liciency was 9%, 1909 ¢
Pas Ot constrcts e Dest gas cnging using mxiars Compressod ul the four-stroke op W

iency approx. 5% Almost simelancously, the Englislinan ¢ lerk

ing principle, B

B llg the firsl two-strole was ClgEe

T T S
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CHASSIS (OR) RUNNING GEAR
. ACWEHIGLE WITHOUT BODY 15 CALLED CHASEIS

The wehicle chassis inchides the frame, engine, sy EChEloil SYEICTH, BCTI syslom, ancl oller
weehanieal paris with the body removed. These systems have direct impacts an ricking comborl, e
celicle stability, sleering feling, ele, and vary widely in mechanisms snd devices

" Dirive: 11300
EE— T T e ]
Chassis  —={———————-= Eloenng

e Wheals

lee—e—————-- Brakgs

CHASSES LAYOUT

i Lyl refers o lpcation of an engine and driveling comnponents and also how power 15

nansaitied lroan ho engine 1o ihe drive wheels.
i hinssis layoul with reference to drive

Henr wheal drive ;

iz Lol hos e éngine in the front, mounted longitudinally, and the drive axie in Lhe rear,
Line teapemission ie usually right behind the engine, and a diive shall transfers power hack In.’.hc
veenr ke [o s I'nl:H_{L‘.‘.ﬂ;.":l‘. e rear wheets act as the driving wheels andd the Tront wheels :':‘-‘,'Wl;]
per ol v fhe vehbicle 1o be sticred. Spacing out the main compenenis i this Taveut makes each wnl
arvesaible but s drawback is the intrusion of the transnission components into the passenger coti-
partmenl. These ereate a large bulge in the region of the gearbox and a rarsed fong h:ﬂ;__gc, called a
pneel, doven e centre ol the car floos for the accommuodation ol the propeller shafl. Using the rear
v T b praped e car ntilives the load franater that takes place Tron the frent 1::.11:;;1' of the vehicle
s the oo is elimsbing a hill or aceelerating and therefore o tracion is ebiained.

Front wheel

The compa
elging and g
i1 ofe comparte
bulges and fun
stmplifics the in
direction o the

Ly

penr, T
Thi fieavy drgve

Mountinge the

The maor
when the vehic
rected by plach
liahle 1o hecom
For this case th
the driving frre

Banudling espec

Four wheel

This arrany
b Taelwese: 1]
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C 99T Present Toyola Prids wias launcheéd iy the Japanese marke
wiorldwide cumulative sales of 2.0 million units, becoming the mosticonic lybiricl le-

trie vehicle in the world, 1 :

i

RO Present Ford Focus s one of e most poplar hatchbacks across the globe, thr 15 ulse
one of Ford’s best selling world cars, B

200 Present Tata Mano is an in Srensive, rear-cngined, Four-passenger city car buili by the
[ company Tata Motors and is aimed primarily at the Indian domestic markel.

2000 Present, Nissan Leaf and Chevriole Volt, an all-electric car and a plug-in bybrid core
spondingly, were launched in the U5, and lapanese markets in December 2010, becon
ing the first mass production vehicles of their kind.-

THE MOTOR VEHICLES ACT, 1988

This volume exmnines lws regarding motor vehicles and their operation, including drafiic vi-
lations and infractions, with significant focus on two major-areas of public inleresi: speeding, anil
deimking and driving, 11 covers laws related o victims of accidents, young drivers, licensing re-
quirements, velicle salely msnes, helmel use laws, seal hEITs,-_ciii]t[ res'ii';iinlrc. and air bags, and hc
Transporiation Paguily Act :

he liest enactment relaling 10 molor ‘vehicles in India was the Indian Mot Veliteles Al
14, which was subsequently replaced by the Motor Vehicles Act, 1 939 The Act of 1939 hid been
amended several times, Inspite of severn) amendments il was fn‘:tl'l_méus'smy tor bring oul o comypne
hensive legislation keeping in view the changes in the transport technology, patlarn ol pagsenger |
lreight movements, development of the road nelwork in the country and particulacly the fngrowved
lechnigues in the motor velicles mangemend. Various committees ag-well as the Law Conission
et gune into dilferent aspects of road transporl. Several members: 6f parliament have also urpedd
lar comprehensive review of the Motor Vehicles act, 1939, A working ‘group was, therefore, con-
stituted in January, 1984 10 review all the provisions of the act of 1939 This working group ok
b sccount e sugpestions and recommeidations eavlier made by various bodies sl hslieions
el e centaln reeonimiendidiony, On the I'l:k‘k?llil'l]tl.l.:ndiiﬂi.-'GIJ!E_U["1hE.'.".3'p’f}r|-Lil'l_!_3__ Browp siale poveri-
ments were asked o subm their conumenta, The reconnmendations madé by the wiorking gronp ined
comiments received lrom the state povernments were discussed ata special mecting al transpor
wndsters ol ail states and union lerritories. Bused oi the conclusions reached in (he mectine ol

ransport imsters ad sugeestions made by the supreme Court in & éase the motor velicles Dill was
mreduced inthe parlinnent .

wh

Review Questions

o Wil i et by Aaponnabile?

2. List the components ol e automobile. R

30 Who vented sutomob]e?

A0 Who lirst cormime: cindly manufzeiired mofor vehicles?

& Al different types of matlor vehicles on the basis of their n;:n:l"ls_ﬁ'u-:[inu'.’
G, What are the main wnils of 2 motorear?

FW il can set he patten for many of tase in use toclay?

B Deling body ol g car,

Ao What are the nominal requirenents of o body?

Li What i mesnt by o sadoon by

LLo What is meant by 2 coupe tnoan aulomolbile
¥ I

T
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nti 11 L5 whelhs! ol ln‘Tﬁt"iﬂ‘mE:nﬂulglﬁ ol ko gag in the nriddle. Acar muosi also e formoanl L\:{} a5

: : s 1o the ability to resist the twisting swesses imposed by aey iregular roml swvbice Sivae - -
coand dynamie | . : 2 : 2 ; i _ |
; tral strenatly is alse necessary 1o cope with particular loads, sueh s the weight ol the cngine, i

bers connected > 2 ! : it
5 ol e springes and monce nopacis, Hie

e by Lhe [ol- : _ i
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Wnelscraen gl lerks
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(et

- Fhesan
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Fig. 2.14 Parls of 8 gl body

Chie o pants af the car hody are:
s Bonnet (o hoodd ever the engine compartment,
o Cneved windsereen, made of safely giass, gives driver a gaanl Held of vision,
s Windsereen pitlar provides support Tor windscreen plnss.
e U - e Body it s soal i msgnn strengmeneber ol dhe steacioe,
v Bhonr pitlar provides support for rool, i carsies hinges and doar Tocks

wats D el ; 1 i -
e Lear quancker pitlar vy oot exlie o ob e venbibinns sl

Taces 1end (o he
[ as i Honstrated
frame X and Y
Cuneven surlaee

ke Lo withataned
1 agl on the end
allogram shape,
¢ Lpoaen as flos

Hwe chassis Trom

e resislane:

cnrpa. s made

wledl ot gach end

o Lol ovver the lnggnge compartment

o Doors aind side panels strong enongh Lo vesist some side nopaet,

s Bumpers, @ hodzontal bar lxed across e ront or back ol motor vetachs oovedoee sere
o dlenmape 1 ccollision or as & om

= Flone panels vibhed foe stillness,
Bodywork materials

steel (mild steely is still the cheapest and the most eflicient material For mass prosind sepadite
Baoddies, 1 s slrong and t‘;IzHH‘;.-' formed. The parts ave stamped out by nachine presses Toon varygdag,
Uieknesses ol sheet steel, Aparl from steel, cast iron, aluminmm, magnesivm, copgner, aine, plie,
andd podymers are also the most commonly used materials,
Styling forms and role of stylist

Diesigning u Torin hased on artistic vision 15 kaowa as Sstyling”, Shyling enables Tiglevolinme
prodluction articles 1o be both atiractive and fimetional. [n fact in an spe where mechanieal veliahil-
ity is almost automatic it is aesthetic value at provides the oy commercial suceess ol o speritic
prev et

Thus Lhe stylists responsibilities i modern industry cover g very wide rnge. That e iy
antornotive shylist s required 1o be o combination |;f'1'||'li.<{[,, invenlor, cridsman, engineer aml fo sone




40 % Aulamobile Engineering

axtent peychologist. He must have the ability 1o conceive new ideas with inventive Nair and imagi-
afion aned brisg them looan ceonomical reality using modern technigues and Taeilities, correct]y
selecting for the specific project in hand. To do this, he must tharoughly understand the product, s
fnetion and s appeal, have a thorough knowledge of the materials available, costs, capacitios of
the machinery romowhich the product is 0 be made, in an cconomical manner, 25 well s sonrces of
supprdseand socon and be constantly aware o worldwide changes in customs aod astes, His respon

sihilities inchude the conception, detal desipn and development of all new products and the donn,
oty vasinl and crgonomic, which the product muost ke, Tn the case n:rl—mll-:_u]u'||_1ll<:, this constiluies
the eaterion T and all applied finishers, the complete lerion, control instrnmentation, seating, olc
awd colowrs anid texiures of evervibing visible outside and inside the vehicle:

Py styding has fo sceommaodate passengers and luggage space, the Tunctional power train,
slecrmg, suspension and wheels, ele, Thus velicle design will conllict wilh winimizing the body
surlnce diag so 1hal the body shape lnally accepted is nearly always o compromise. The following
e scnne of the hodyesteles sed Tor cars,

Haloon {orr) Sedan

Phe hasie car Ty shape s Ahe anloon, with Bwo or four doors sod s Togeage compartment
the el e vy, Phe shape of body shell s boased on three “hoxes™, The ood box fooms Lhe engine
comparbmenl the centre seclion the container tor the occopamts and the rear box a storage spoce,
catlenl @ boot (runk) for the loggage. Thiz type has the features such as well designed seals, ease of
ety amnd el wood heating and ventilation system and beller styling,

Fig, 2.15 Saloon
Hardtap

Hardinp passengzer vehicles also have front and back seats and are generally characterized Ty
iheir dack of deor pil|ars or *18° pillars, They can also be classified as eithor a 2 ar 4 door harellop.

& I)rml Halop 4 ['.Ic-f'lri- ardiop

Figg. 2.16 Hardtop

Hatehback {or] Lift back

Flis Pype 25 hal -way hetween a satoon and an estaie car The distiogosiing featore ol this Lype

e welneles s heir rear lnggnge compartiment, whicl is an exlension of e passenger comparbuenl,

Aueess o lugeage compartment is gained throngh an upwvard opening hateh doar from which
thiig fvpe 0l velicle derives its name. This type ol vehicles comes in 3 amd S-door versions.

R TN TR

Convertil
This tyg

the equivale
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Sports ot

ftisas
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Fig. 2.1 Front engine rear-wheel difve

Front wheel drive

The compactness of the | qul has made iLvery popular forse onehrs. The vehicle has both thi
enging and transaxle in the front. Accommodating all the main components under the bonget (huoeal
i one compartment give maxinum space within the car for the ovenpants, also the absence ol o
bulges and tinnzl pun‘du mare room for the rear passengers. Transverse monnting of e engine
simplifies the tansmission, because the oulpul shafts from the engine and gearbox move i siwikar
direction fo the wheels. This avoids the need lor a bevel-type final drive, Tnstead o simple redue-
fion gear, incorporating a differential, ran simits the power by shorl drive shalis to the road wheels

Wi

The heavy drive train adds weight Lo the front drive wheels for good tiaction on slippery paveies
Mounting the main units in one assembly wometimes makes it difficull w0 gain access 1o smne g

SR e e

Fig. 2.2 Front enginge front-wheel drive

The major criticism of front-wheel drive is that the driving wheels bave less prip on the rosl
when the vehicle is aceelerating and hill-climbing. Although this characteristic can De partly cor-
rected by placing the engine well forward o increase the load on the deiving wheels, the cae s then
tiable 1o become “nosc-heavy”™. The effect of this is to make the stee ring of the car more difficuli.
For this case the car is Lo be fitted with power steering. Using the Donl wheels Tor sleering il o
the driving faree 1o act in the same direction as the wheel 1 pointing. This leature improves velicl:
handling especially in slippery conditions.

Four wheel drive

This arrangement is safer because it distributes the drive to all four wheels. The sharing ol e
load belween the Tour wheels during acceleration reduces the risks of wheel spin. Also the posiliv

prkepiatiel e 2 "-‘.'*5"F-'-"“"" PRI T
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devve 1o cacl wheel during brakong minimizes the possibility o wheel lock-up. A Turther advaniage
af this lavent s when the vebicle is driven on slippery surfaces such as snow and muod. When on an
iy roed an driven eross-country (olT-highway), a two-wheel drive velicle soon becomes undrivable
Lreentpse e loss ol grip ol one of the driving wheels causes the wheel to spin.

Fir. 2.3: Four-wheel drive

Chasris layout with reflerence to power plant location

Moot engine

et

1

Fig. 2.4 Front-engine vehicle

st from teasdition there are number of reasons {or silling the engine al the Frond of o car. The
fipe mass of an engine at the front of the car gives the driver protection m the event ol'a head-on
collision, Also engine cooling is simpler to arange. I addition, the comerning ability al o vehicle is
el b Better i1 e weiphl is concentrated at the front. One of the main advantage 15 that engine

canr b controHed easily b e driver,

Heay ongine

Fig. 2.5 Rear-englne vehicle

iost rear-engine Iyouls have heen confined 1o comparatively siall cars, hecause the hewvy
cingine il the rear has an adverse ellect on the *handling” of the car by making i tail heavs ™. Alsot
falies up a good deal of space that wonld be used on g fronl- engined car for corrying lipgage. Most
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in the chassis frame than a SUV/passenger car engine and therelore there I8 pnore spaee available fi
(he front road wheels to lurn oo the larger vehicle and the growsd clearanee 15 greater

Unitized body design (Frameless construction)

Todday, almost all passenger cars, most vanes and even some buses are of integrsl constiohon,
wlso known as in'h.:g.r:l] ar Wonoceogue constrociiog,

In this type of construction heavy side members used in conventional construction e wlinng
nated and the floor is strengthened by cross members and the by, all wohided.

{a) ihi
Fig. 2.9 Unitized body designs: (a) passenger car and (b} bas

Most of the modern cars have this integral construction, In this Dody design, e Bome and Loy
are combined as one unit. A1 the members of p unitized body are load camying members, Panels or
members that share the load are called stressed panels, Yery often their creases and benils are il

o anere dropoil

i o el sl e IS e e et e e T . L e T e :
wipepodb vathor tian chanoe the veliele™s apoesrance. Vlasiressecd pusiels arc those Hual i
=] = L |

nt conlritte sig'niﬁu:muig,- fo it strength of the strocture, The Hoor pan, rood, Doeer apreis, guarle
panels, pillars and rocker pancls are integrally joined ro form an unctized body. The nnitaed bdy
has a complex destgn that spreads collision forces throughout e body w help protect the veliele
TR H T HEIEN

TR
Pillar T

Cuafer-——"1_
panel

Focker Inner
pa ez ETa IR

Flg. 210 Farts of an unitized body of a car
The strangth and rizidity of the umitized body s achieved by body design rather than by Laving

a heavy steel frame to support the body, Inihis body design, body sheet metal is Tabwicated o o
box design which provides pood resistance 1o bending and torsion,

The advantages of this constraclion are fow weighl and the ability oo stele the onter Body punels
as desired.
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esign and production costs are very high, which means that integral construction is used only
e mass-produeed vehicles. A further disadvantage of this type of construction is that the resulting
Btk shape londs 1o amplily road and engine noise for the ocoupants. Special sound-deadening
aaterinly are vsed o minimize the wansmission of noise. .

FRAME SECTIONS

P orader fo provide oo good resistance w bending and torsional elfect, the frame seclions are
e ol proper o,

Talle 2.0 Frame sections and behavioors

Framae Section Behavionr
Il CMTers little resistance to bending and twisting,
Channed Excellent resistance 1o bending. Resistance increases as depth of seotion
fyoen 15 increase:d.
[
LIHIETLHT Pxrcellent resistance o lorsion, Resistance increases as diameter is
.
(L
ey Ciol registance o both bending and torsion.
E..._,_;
Lanpo-ysad Mt commonly vsed doe to weakness and a propensity to rust,
Eﬂm!i i
i R
f
r'-'g E“
i Ciooel resistance to both bending aml toesion.
| - "
. i

Clhannel section is usually employed for the side members as it provides good resistance to
vertival bending loads, bul with minimuom weight. A Gnther advantage of channel section is that it
allows easy allachment ol e cross members and mounting of other components. However, chan-

aechion provides only a limited vesistance (o lorsion [orces (e, poor in torsion) and is therefore
nnsnitahle for the construction of cross members. As the cross members must be capable of resisting
toursionnl elfects, they may be formed from tubular or eircular section, alihough for convenience a

box seclion s sometimes eoployed.

Varions giher material sections may be used for the construction of cross members, These in-
chucde the top-hat seclion and the l-section which is manufactured from two channel sections placed
Dacldocback, Provided the correct malerial section is used, the chassis frame can be made rigid
cuogly fe withstand the loads placed upon it '

FRAME MATERIALS

Promes are osually made of steel or alumininm and somelimes composite malerials. Most
e nged oo Jight vehicles are made of low-carbon steel having o carbon content of 0,15-0.25
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Fig. 2.7 SUV/Passenger car chassis frame

nodate the movement of the axle due to spring
nest, This also avoids impact due to the rear axlie bouncing, Tt is alse cOMMED pracics
where there is
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narate chassis frarme is now restricted to low velome roduction cars

i the chassis fame than a 5174 passenger car engine and therefors thers
the front road wheels 1o tum on the larger vehicle and the ground clesrer

Unitized body design {Frameless construction)

Todaw
also {nown as integral or monccogue comstruction.
In this type of construction hesvy Side members used in conventio

nared and the floor is strengrhened by cross mermbers and the body, ail w

lmest all passengsr cars. MOSt vanes and even some buses 2

Fig. 2.9 Unitized body designs: {a) passenger car and (i

Wast of the modsrn cars have this integral construcaon. In this body «
are combined as one unit. Al the members of a unitized body are load ca
membars that share the load are calisd stressed panels. Very often their ¢
20 increase strenath rather than change the vehicie's appearance. Unsiress
a0t contribute significantly o the stresth of the structure. The Hoor pan,
panels, pillars and rocker panels ars integrally joined o form an unitize:
has a complex design that spreads collision forces throughourt the body
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S Autoenoiile Fugineering

sprines are dilled st the vear tocsupporct the exten lead, Station wagons come in 2 and A-daor versions.
Mowe Inggage space and bonger wheel hase are a spocially, Used Toc fouring, picnics, ele.

Timousine
Pmenazae it ooy con The ferm noa relers Lo a laxury sedan or saloon car, especially one

willea lenpliened wheellmse or deiven by a chaolfeur, is asually with high quality equipmenls s
ot fnsh Cnshiomed =eats e condilionimge svatom, coolinge glasses, ote, e other featnres,

Figg. 2,21 Litnousine

Haoing opr

P T

Figp. 2,220 Racing <urs

Peonepaimine crnens oy veing ears are 0D Tighineas conpled with peedile reanedless ol comfop
ansed 10y hoa o design nost cosuply willy the rales of he race or evend such as length, wiclily amed hetaht

clbean engine capacily, foel copacity, efe. Beller acrodynamic shape reduces 15 the anigque feature of
s eleuion,

WEHICLE BOLGY ARROIYYNAMICS

Acrodvnamics iwon beanch of physics ad s coneaned with all the processes which con he
abzerved ahen aiv ewa sronnd a hody, This study deals weith asolid body moving througlh Hhe ois
mevsphore and the interaction which takes place between the bady surlaces and the sunounding air
wath vy relalive speeds and wind direction

Peananry is ol decisyve importance in the transpert sectos The mosCimporiant Betors in reduc-
ing fuel consumption in long distance traflic with its high averape spoeds are the coonomy of the
o e aned acrochynamies.

Aceepands actodymmnics, e folloaving are some 0! e features incorporated oo the vehicie
i

= Fowue comper paddoon the frond section
e Fanwelevel front slirs
= Farrings above and behined e drivers cals
Acvonlymnmically shaped mirrors
= Pawebosed slops

rsbdicen e optisnizing the shape ol the driver’s cab in terms of air Mow o improve fael con-

i there are s nimber ol other anms fo be constdered in acrodynamic design, namely:

= Intensive an flew aronnd cooling units

= Cptimized aie foa hrouglh the iterior of cab

B T bt 41 Eled L,
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Veluole Strncture & 25

« Minimizing dirt deposition on visible aveas

o Reducing impairment of the vision ol sther drivers i the wet

Importance of aerodynamic study

With proper acredynamic design, the followimg advantages cottdid bie wchicvel

[. {Irag

b =

force s reduced, So masinuen speed and acceleration are oblained Toe The sone
power cuipul. :

2 Vel ennsemplion of the vehicle can be reduced 1o the maxina (about 35% of fucl cost),

Giives better apnearmnee and styling,

4. By reducing he various forees and nenents, good shibilivy ane salery can iz acheved,

Helps (o provide proper ventilation sysdem,

£ Helps to understand the dirt Bow and exhanst gas flow pallerns.

7 Aerodynamie noise could be reduced which results in gqule running of the vehick:.

AERODYNAMIC DRAG

This sty concerns aboul the acflow around the vehicle body, Deag is cansed by the movennenl

uf o vehicle in the atmosphere. This term 15 used Lo describe the cesistance presented by Hhe mr o e
moving ohjeet as i progresses, Aerodymnic drag is vsually insignilicand at low seliele speed hod
the magnitude ol air resistance hecomes conaiderable with rising specd. This can b seenan T, 220

which compares e acrodyoamic drag Torees ol a poorly streandned ol aovery hishly strewmbne]
medium sized car against its constant rolling resistance over o typical speed ranpe. A vehicle witl
high drag resistance lends only marginally 1o binder s aceeleration bat il dows melathil s maximaan
spead and increases the fucl consumpiinn with increasig speel,

csing motion (M)
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Dieng foree depends an e Tollnwing dacetons

® The sive and shape el the vehicle darea of nose end, vehicle saper sorctares, shape ol e
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¥ Antonmalife I-,u!;:'nmer'mg

s Travel spesd,

£l

CNERY (A densiiv deoroncee I ap H .
1r density (ai densily decroases ai higher temperatures and increases al higher alnos-
pheric prossure), Bl - B
= Wood dhirection and strennl
L= it
Thir aerodse mzmie reaietarmmm mf o b o Fig Y
o astadynamic resistance of & vehicle'in air is referred (o as drag Torce F | 1t is caleulited
acvording 1o the following formmla: : o

; l
FII. ';{hl .ﬂj'.l‘u"?

L Velnele's deag co-cfficient

M CATer ol vehicle's nose end
v Drensity o air
| Velocity ol the vehicle

i v T e chrma o wedd ol s A e :
. eename drag, oovelnele muost develop g spectiic amount of power, The drase power P os the
resutl el drag lorce multiplicd by ravel spead v = I' )
p T | . 1
Picas D : Cdapy
A Jh T 2 B L Y ¥ .-:_._ R '
| vhmereasing traved specd, drag Toree incresses I o power ol two aned dng power by a Power
Ii| | T |'.|'|." illi_"-'l""‘\:l' .i” ':!I"I‘i" i,:‘_, 3 pria . ' 3 iy = o | J o L
I LEEAT Irageas as e square o the speed, e A
i S0 vapecd, e il the spee s, Lhe drag gus
o | peed doubles, the drag quad-

TYPES OF DRAG

'
W oddra R T TAET] § g H 3 i |
|| arap loroae s Hwnsl o -I!-Il‘! III]:ifI.xI!'ll'H:l 1l g |'|rr'-|.'r'|'| .f._n_\r1_| il |li|,-|’\ |".-.I_|'|\-[;|||1.;1|'|.‘ .--:'--||-||"--|--

Lh i

P Preasiine g &

Fi Bndyeed ding A%

fed Frietien drag - 1%

Lf) mterference diag 15% amd

e Cooling amd ventilation system deag - 10%
{a) Yressuce drag {or] Form drag [or) i
Profile drag 1.00 =2

The most significant of the five in relation 1o e T --||
sl velieles is the T drag which 15 the compuo- ol
nent that is most elosely idemified with [he exiernal el | 1I (\.
shape of the vehicle. As a vehiele moves [orward o it ,-'"f \
e motin of the air around it Zives rise [0 pressures (.00 _'ll =l ——
that wany ower the entire body surfiee s shown in - 2 r.26 f— || ."ll II'
Fige 224 10 a simall elenent ol the surface area is ; . | ." II g
svnsidered then the force component acling along 3 150 || / |"r.
e axis of the car, the'drag Toree, depends ‘.Ii‘-n:-.: 078~ | | | |II
Heagnifude of the pressure, the area of the eie- .00 W II
meEntupcn wiich i sels and the inclination of thai / g
sartace element (Fig 2.25) Thus it is possible for B 2
Pvendilierent designs, cach having a similar :rontal R
s, o e very diflerent valoes of form irag.

Vi dvag depends upon the longitmdingl sec- : q

: :

tom od fhe vehicle hody, For low drag cocllicien
avwrelul choice o hody profile is cssential, i " I
Fig. 2.24 Typical static pressure cooflicient
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streamlines should be continuous and separalion of hound- ,_’,,.e-""" T
ary laver with 15 vortices should be avoided, / IHLI-" G
- : rh '\
Body shapes that mintinize posifive acrodynanne fore-

es on the front of the vehicle and minimize negalive agro-
dynamic forces or suction on the rear of the vehicle will ex-
hibit losw form drag, The trend 1o lower vehicles has reduced \

Io static
pressure

( LWLE'-‘U‘E ‘

pJ

the frontal area significantly whicls has reduced form drag N Frn:liar,m e
appreciably, Constantly retarding last hack hodies may lead =4 chea s
to passenger car shape of relatively Iow form drag, ke e e _E_‘ B
R
P
b} Friction drag (or) Surface drag A i
A atr Mowes across e sorface of the car Trictional fore- L&'L ‘j i

es are penceatcl giving rise o the second deag component

which is usually relerred 10 as surface drag or skin {tiction  Flg. 2.28 The torce acling un o surface
drag. 10 the viscosity of air is considered o be almost con- HieHEn

stant, the Trictional Torces at any point on the body surface depend upon the shear stresses penarated
in the boundary laver. The boundary layer is that layer of fluid close 1o the surface in which the air
velocity changes from wero at the swrface (relative o the vehicle) o its local maximum s ilis
tanee rom the surlace,

Thiz is caused by [clion force between the boundary layes and the body surfuce. 101hs sweface
is kept smootl, a laminar boundary liyer will be maintained. Thus @ well-polished surlface is not
vuly atiractive but also makes the vehicle more economical.

Body paml swrlace roughness has considerable effect on liction drag. Body smoolliess s of
ihe order of 103 o 10 microns.

(e} Induced drag {or) Lift drag

A eonsequence ol 1he constraints imposed by realistic passenger space and mechanieal design
requirements is the ereation of a profile which tn most situations is found Lo generale a force with &
vertical component. That i, whether positive (upwards) or negadive, indaces changes in 1he char
acter ol the Dow which the selves ereate an induced drog foree, This is caused by vortices fommed
at the side of the vehicle. These vortices are in turm coused by e aecodynamie 10 ol the vebicls,

A car body produces accelerated air flow and the comespoanding low pressure an il apper sure
face, especially in such areas of the lending edge of the hood, wind shisld corers and the leading
crge of the ronf, Becanse of the low prossure developed onthe upper surface thas on he noder body,
acrodynamic 11 results, This Iift foree depends o the conteur of the body, underbody aml ground
cloaranee,

Lift is not a serioas problem at normal speeds but it possesses a serious problem al very high
speeds such as in racing cars. It also aflects stability and braking perfoimance of the vehicle. In
weneral modification o the body so as to reduce aceelerated flow and correspomding fow pressure o
the upper side and 1o reduce deceleration flow and corresponding high pressoee an the underaide of
il body will reduce the serodynamic 111 ' .

{d) Interference drag

The flow over many exlerior components interact with the Sow over badic body shape and This
fead o interference drag. Fxlerior components inelude projecting door handles, mirrors, sevials anl
badges which project out of the normal surface of the body, Also projectors below The vehicle such
s axles, eio contribute owards the interferance deag.

The variois mechanica] components project from under the vehicle suchoag an cagine parts,
suspension arms, exhaust system, frame rail and rear suspension also condribute o the inlerlereneg




o he vehicle under body, Bxierior body ormuments must be placed where the velocity is min
v Dhesere B les ey T prhaced inca close prosimily and lomgitudinally in line with each othes:
{o} internal drag (o) Cooling and ventilation system drag

laex Bastof e nujor mlienes

upnn vehicle drag s that arising from e |
e conling: of aile

woling of the engine,
mechimical components such ag (he brakes and from cabin ventilation fovwes.
Tapether these milers| drag sonrees

smay bypically contribote i excess of 10% af the averall drag.
DRAG CO-ETFICIEMT {Cel)

The werodynaiic drag cocfTicient is a measure ol the ef
vl shape in reducing the air resistance 1o the forws
Fosleng anel allow a higher terminal speed and o
ienplivs tha he sreaniline shape of the

lectiveness o o slreamline acrodviamic
il motion of a vehicle, Low Cd values indicale
wer fuel conswnption. A Jow drag coclficient
vebiele’s body is such as to enable it fo mave sasily through
witle the minimum of resistance. Conversely
atreamlining ol the body profile so that there is hiigh
El: TR |!!-.:

W sorrenineling viscous air i high drag coefficient is
careated b pin air resistunce when the vehicle
drag cocllicien is calenlated in tesls carred ol aeradynamic or wind tnnels,
fomdieates the imagnitude of & vehicle’s drag as o resull of its shape,

Fepival diag coelficicns (o varions elasses of vehicles coan e seen as lollows:

Chng vaellicienl (C4)

Saliom o

32 .04

et o (128 - 4

| Fipht van .35 --0:5
PR e o vy thei -0

L35 08

we b tailer i

T 09

e iliag cocthiciom of a vehele can be significantly reduced by o ing the front seetion and

r
Vi Pront apean, g rool spodler and side sk, Only a slight improvement in the deang coeficien
sibele by altering the exn

termal shape of o commercial vehiclo boedy since rounding: the corpers
atd enlaes vedinees the lood spwee andd lienee

the payload. Tn combination with air defleciors, an
sermlyvimically aprimized cpl provcides significant reductions in (e drag of the vehicle as g whole,

sther micasure for redieci

> resistance is (o enclose the exposed ranaing gear of the velicle

sl farings This reduees

hes air vesistance of the yehicle capecially in 2 crossiwind,

AERCODYMNARMIC FORCES

Fowee coelficisnts:
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| 3 i force
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Coy e

Velacily:
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Flip. 2,26 Lit, drag), sids force and moment nxes
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Wihe overall trag,
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wodiag coellicient
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Velicle Strictare %

Aerodynamic research initinlly focused upon drag reduction, bl if soon became apparcns that
e Tift and side forees were also of great significance in ferms of vehicle stability.

The acrodynamic forees and moments that act upon a vehicle sre shown i cocllisient foon
s !

in Fig. 2.26. The forces may be considered o act along three, mulually perpendicular wees. Thos:
lorces are e drag, whicly is @ measure ol the acrodynaic foree thal reststs the Forwaed voniiong of
the car, the I which may scl opasds or downwards avd the side force which onky et in the
avent of a cross-wind ar when Lhe vehicle is in close proximity o anuther. The B deag and pitehing
moments are o mensure of the endency of those three forees (o cause the car Lo molats bl somni:
datum, usually the centre of gravity. The moment effect 15 most eaaily abserved i cross-wind cond,
tions when the effective acrodynamic side foree acts forwand of the centre o gravity, resalling i the
velicle lending 1o steer away lrom the wind. In extreme, gosiing conditions the steering corpeelion
made by the driver can lead (o a loss of control.
L order 1o analyze he various aerodynamic forces and moments aching on the velicle body,
consider the vehicle as a mass having six degrees of frecdon,
Mow the various acrodyomnic forees acling on the vehicle body can be summarized as Lol
Px - Foree of air deag in the dircetion of motion with wind angzie slong the fongitudinal axis
Iy — Cross wind [oree
Iz - Acrodynmwnic 1
Longitudinal air drag (Px)
The lorgiiudingl component of the resultant of pressure distribuiion s called longitnedinal ir
drag. The magnitde of this component ean be represented by,
Px=CxpAvi/2
Wihere,
- Bengiindinal wingd foree dimensioniess co-cllicie
[ - Adr density o kpind
W= Velocity ol wind by s

A - Cross sectional area of the vehiele viewed from the fond .

Cross wind force (Py)
[t is formed by the agymmetric Qow of air around the vehicle hody when the wind angle is nol
equal to zero. The cross wind loree can be given as
Py=Cyphv/2
Where,
Cy - Cross wind Tores dimensionless co-elficien!
Aerodynamic lift (Pz)
[L s the vertical component of the resullant of the pressure distibation over e velicle body
due 1o Do of aiv acound i The acrodynamie L ean be represenled as
Pr=CapAvii2
Where,
C = LIl co-eihcicn
The lift will tend to reduce the pressure between the wheels and the ground, which causes losses
of steering o the front axle and the loss of friction on the rear axle, The magnilwde ol this 1l and

ils distribugion over the front anid vear is a unction of ground clearance, the contours ol e body and
the wnderbody and the angle ol atlack of the air on the vehicle body.
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Since these factors ave not acting at the CG ol the vehicle body but at the centre of pressure, they
create the following three agrodynamic moments:
fx - Bodbimg moment
Py - Erileling moneenl
Ml - Yawing tmen
Rolling moment (Mx)
This moment is caunsed by the cross wind force Py about the longitudioal axis. This magnitude
ol 1his rolling moment 18 given by

Mx=Pya=CimxpALv /.

Where,

a - Heiaht of centre of tleust above CG
i - Rolling moment coelficien
[ - feference length ;

Pl rolling moment elfects the weight distribution on the wheels. This effect is dangerous Tor
bl vans where the side foree aets mnch above the CGL The only near solution to reduce rolling mo-
pent s b ierease the wheel track,

Pitehing moment (My)
s mennend is cansed abond Yeuxis by cross wind foree Py or the longitudinal force Py, The
pratehing mement My is given by
My =Prb=CmypaALv/2
Where,
b= Ehastanes Dalween OO and C1°
ey - Pitching naonenl coellicient
Lo~ Relerence length ol the wheel hase
he pitching moment s usually negative i.e., nose down and this moves, The rear axle lifts off
the geonnd and Turther redices the available traction.
Yawing moment (Mzj
| liis monient is caused about Z-axis by cross wind [oree Py, The yawing moment M is given by
Me=DPyve=Cmzp Al
Where,
e - Distance belween OO and C1
s Yawing momenl coelficient L
| - Reference lengpth )

| hese moments adversely affects the directional stability of the vehicle at high speed. The use
ol sialabizer fing at the rear of the velicle gives a very good reduclion in yawing momend,

Proth aerodynanmic B and pitching moment have undesirable elfects. The Lt will lend 1o re-
dhiers the pressure between (he wheels and the ground, which causes loss ol steering on the front axle
andl loss of taction on the rear axle, Pitehing moment is usually negative that is nose down and this
makes the rear axle B0 ol he gronnd and forher reduce the available taction,

™l

s e paing where (he whale mass of aosvstem is asgumad to be acl,

LR bs e poind where the todal pressare acts on the system.
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Gearlng & 1R

whoxes can change gear according to engine load, road speed, driver’s demand and in the lalest
mputer controlled unilz, according lo the sivle of driving. There are [hres types ol manual gear-

1. Shding mesh gearbox
Conslanl mesh goirbes
A Synehromesh pearbox

Toelay the synchromash is the mosl common Lypa i se,

iliding mesh gearbox
Sliding mesh lype gearbox is the oldest type of manual transmissien usec i auiomobiles.
smone the manual gear wansmission, this sliding mesh type is the simplest in costruction.
However, in this type the mechanical elficiency is very low and the noise level 1= guite high.
Tnreover the driver requered considerable skill in changing the gears.
Construction

hree

Ihe Frz. 9.5 helow shows the construction ol a sliding mesh type iranzmizsion having

pward and one reverse speeds. There are two gears (6 and 53 attached on the main shaft and ooy
The two gears on the main shafl can slide and can mesh

czars (2,3, 4 and 7Y on the counler shali
Sith the gears on counter shaft. Therelore, it is called sliding mesh gearhox. T lhis ¢
cears are used hocause ol the sliding action. A separale gear is mounted on the idler shaft (5) The
ssars 1 and 6 are mounied on the splined main shalt These gears can be slided by a shifling voke

earbox, sp

Power flow of 3-speed sliding mesh gearbox

ii} Gears in neutral
When the engine is running and the cintel is engaged, the counler shall is driven by the clileh
ar. The Tow speed and high speed gears are filled on the transmission main shatl which does not
izh =1 (2

raladie,

Cluich gean
g

1
{1 g
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e
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e
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nd
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Fig. 9.5 Gears in neuiral

At the same time, They are nol engaged with any driving gears. Therelore. there is no motion
transmitied from engine 1o ihe wheels. Henee, the vehicle is stalionary.
(11} First {or] Low spocd gear

When the zear shifl fork moves towards direction (1) by operating the geor shifl lever, the
sliding gear (5) on the ouiput shaft will be shifled lorward 1o mesh with low speed gear (4) on the
countershali. 11 results the fotations of input shalt being transmilied inthe order { Iy = (1= {41 =

(35)




T

190 & Aufomabiie I:‘ugiueerfrq.;

(3310 Wen the output shait. This gear combination is the one that
input shaft and low transmission. In this case the lorgs
that applied at the ingit

T
produces the lowest speed from (e
autpul from the vearbox will he A% gear] g

5

|

— =

I_.:s

Fig. 9.6 First gear
{1ii} Becond Eany

Fig. &.7 Second gear R

When the gear shilt ook i moved toward direction 2, 1 second sliding gear (6) will be shiftedbackward

Lo meshe with the second speed gear (3) but (53 angd {4} are unmeshed. The rotation ol inpit shafl i (ransimil-
te an the ordler (1) = (2] =243 = (&) 1o um e vt sldt, This is tlae 10

smission i the secongl speed.
{iv} Third jor) Top gear

= “
g_

i

E

4

L] L

Fig. 8.8 Third gear
When the gear shill forl is moved toward direction 3, the cluteh will be meshed bul geary (6)
andd (3hare unmeshed, Due 1o this, botly the mput and oulput shafis are coupled and rotaled together
with the same speed. This is the trnsmission in the thivd or top speed tha Lives a ratio of ||

ey e AL e g 2

K
i
e

Heverse geay

When the gear <h
sl maesh o waih th
Lr gy 2= T

S reverse .‘>'iill.'.l{:1.|.

This 15 the same

- eden bt the ralio
szetion, but does o
CTonstant mesh
Loy thus Dype of pe
cengaging the gear
racionre tree 10 sl

SEEDIE e Lype an

ez which wre guita

Fower flow of 3
i} Nenatral

Wihen the pear le
sy ol the gears and

A1) Mirsk gear

The dog clutch
hrongh the gear (1)
Aral poar speed is ob
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thi Z . . . .
When the gear shifll foark s noyed ovwsnred elivec o |
S fs

el toe mvesly with the veverse id
{1y m=s (2]

AN reverse spegd,

L dhe sliding g (53 will be shifted back
ler gone (8) Then the rolation of gt shadtis tmnsmitled in (he
O =Y = 08 T e the otlgal shafl in 1o

verse dircction, This iz the TRTETIEE
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Fig. 9.9 Reverse goar
This is the same satio as [or the firsi pear and frrespective of the size of (he idler gear it will
secn Lhat the ratio always remaing the same For this reason it s called an jdler — it changes the
srection, bl does nol alter the ratjo,

Constant mesh pearlion

[ this type of gearhox, al! the Bers are in conslant mesl hiwing dog chiches Tor engaging amd
isengaping the gears. The sears on the spdined main shaft are fiee,

The dog clutcies are provided
“hichare lrec to stide on the main shafl. The g

ears on e counter shafl are fived, Ol
;

gears, As the gears are always in mesh, aclical pears are

FEVEISE goars
e spur gear type and all other are helical

sed which are quiter ranning,
Power flow of -speed constant meech
] Newutral

gearbon

When the geq

S

er s i newtral position, the two dog clulehes I and 1D, are not in contact wilh
1y of the gears and cannot transmi toeque o the main shaf,

[ii) First soar

g

b ] |

Fig. 9,10 First oo
lhe dog chutch (1) is shifted o lefi to make engage on (71 Now

PO = 0 and dog cluieh 13-

the power 15 lransiniilcd

hrougl the gear (1) = Lransimits to the main shaft, Henee. the

first |

apeed 15 ablained,

{.’.’.a’ ¥t
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{iii} Secong gear

First the dog ¢l
¥ : cocenr (O The i

dvnchromesh

This 15 simuilay

S __"-I:_':sl l_',.-'j]-,_‘.' of con
] s the pear lever 3
i I still be nojse i
dib the job mgre

. -JL_:S-’— co-cliteliing Qe g
B aihe shiding colla

Fig. 2.11 Second gear
MNow, the dog clueh (D} is disenpaged. 1), dige elu
gear (8). Therefore, (he POWEr is lransmigged ronm eliely
dog cluteh (D) o the majy shali,

(v T hicd {or) top pear

o cesdupthe inpol ¢
LEUmvers today are e

- ; , - iynchronizecs
ch (D, is shifted 1o nght to lock with 5 i

shall through ()= (2) = (3) = (8) ana
S0, e main shall rotates wir the

g Synchronieers |
n

second gear spegd. slosynchironize ¢

3
sl

A g, SR

Fig. 8512 Thirg e Ty

Liv this Jayour, ihirg 2etr is o dire drive; namely g gear that gives a atio of -1
(D,) is moved left 1o cngage with e

=4

The-dog cluich Seutval positing

gear {1} on clureh sl MNow the enpine specil 15 divectly s

o When the pearl
plied to the maiy shall, This is cialled ay top gear specd. 1y, this geur the Poveer o is nog fransmitted ‘-:::1 Tz with the mndn sl
trough any gear teeth so the snergy loss is small, Lie, the etficiency is high. ‘ 2
(v} Reverss Eoear 1 L el sletve
; Blocking ring
iven |
W K
| Fig. 9.13 Reverse gear :




with the
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i cluich
2y sup-
namitied

faeariox & 193 ( 5 'i'

Firsl the dog chileh D, is disengaged. Then the dog cluteh D, is shifted 1o rizht o engage with
- gear (61, The idler gear causes the main shaft 1o rotate inn the opposite direction,

synchromesh gearbax

Thiz iz stmilar to constant mesh gearbox anl dos clulch s replaced by 3}'rll:|'l rosizer unil. Lo the
~mplest Lype of constant mmesh gear box, which is now absolute, gears could be engaged by snatch-
5 the gear lever [rom one position 1o the nexl as [ast as possible, This was noisy and jerky. There
A1 still be foize il the dog teeth are nod rolaling at the same speed when the engagement 15 e,
“o o the job mare quietly and smoothly withont clashing, the gears were synchronieed by donlile
Zeaplnrefiing Lo, engasing the cluteh with the pearbos in neutral and accelerating the engine fo
~2ed up the inpul component, then disengaging the chtch apain and engaging the anpropriate gear.
rivers today are relieved from the need Tor double de-clutching by a synclronizing deviee built
“to the sliding collars in the pearbox. This synchiromesh device s usually fitted 1o ali forward gears,

Synchronizers

Synchronizers cqualize the speed of the shali and gear hefore they are engaged. They use fric-
~an to synchronize the speed of the gear and the shall before the commection is made,

Synehronizer
AR
P leeye

[ 1
== fl'

o U
Huh - Blocking /q

riFig

bR
“Bilncking
ring

Inserts

Fig. 814 Camponents of synchronizer
Neutral position
When the gearbox is in nentral, the synchronizers are in their neutral posttion snd are not rolat-

iz witly the main shall.

ynchronizer sleeve

Rlocking ring

N Power

Driven

Huib

(2} Meulral position

= U b
gaar s
- / Driven
Blocking ring ™ ¢ gear

Shift compleled—coliar locks
driven gear io hub and shall

(t1) Gear position

Fig. 915 Synchronizer operalion
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Grear position i

When o pear is selected, the shitting fork forces the sleeve lawand the selecied gear. As k- EAR SELECYOR N
sleeve moves, inserts also moves because they are locked in e sleeve, The movement of Lhe inseq.
pushes the blocking ring i contact with the shoulder of e gear, When this canlact is mitche, Lhers
is a metal Lo metal contact and bégins Lo rovate.

As e components reaci the same speed, (he synchroniver sleeve can now slide over the exie:
matl dow el oy the bBlocking ving and then over the dog teeth on the gear’s shoulder. This comples:
the engagement of the synehrongzer and (he gear is locked 1o the main shall. Bower now Nows -
follows: : '+
=

foput gear = Counler geur =5 Gear selecled == Synchronizer =» Main shafl

Power tlow of 3-speed synchromesh mesh gearbon

b Z Helaoio
ii} First pear dand

thiret arich

Selactor rail \
firsl and second

>

%

Inpa shafl

[ Crutput shafl
» -
5 -
: T geai
==
SIEN b e o w8 e
Conntar ;
shaft
4
El bR

24

- Fig. 946 Synehromesh CjEart

Torallow the driver 1o
soar and selector mechis
Sed 34 When the driver
—ang the appropriale sele
crarenpaged when i has

through the gear (1) = (2) = (1) = Cf b and synehronieer S raasmils o the wmain shall, Henee, the
first gear specd is obtuined

The synihrenizer (5] is shifted 10 left to make cngage on (T Mow the power is gansmillec

{ii} Becond gaar

Naw, the synchronizer (8§ is disenpaged. The synchronizer (5,) is shifted w right 1o lock with
the gear (8), Therelore, the penver is ransmitted from clulch shall through (1} = (2) = (1) = (&
and synchronizer (35,) tw the main shafi, S0, the main shalt rotates with the second sear speid,

{iii} Third {ox] Top gear = g

Phe synchronizer (5.) is moved lell to engage with the gear b} on cluteh shafi. Mow the engine
spead s directly supplied 1o thefmain shafl. This is called as lop pear speed. The log gear provides & Swinging caliper-type
P ratio between the inpul shalt and the main shafi by locking the two shalis togeller, interiocking device
fiv) Reverse gear !

£ ! : _
First the synchronizer 8 s ditengaped. Then the synchronizer 3 is shified 1o vight lo engupe G To ensure that only o
with the gear (6}. The idler gear tiises the main shaft to rotate in the oppasite direction, | o

{ saled o the geurbox sele
il
Gl
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EAR SELECTOR MECHANISH
[

L,LLF (1
nEeris
there

|
Lo

he exler- _F___,_ Gear lover

rnplele: o

Sy
Spring | Iu'l
“uﬁ b . _-Selector gale
|r ‘i__'r\' }*;,r_f"#

[T as
Selecior rail
T Fhanger - 8 P E
- t:\‘i\“‘..:}hﬁ"' -*B\f
] |'\
AN

reveErse gearn
Salactor i 5,
%, i
s LS,
YOl e

thired and forth
\
b

\‘u

Selaclar rail
firsl mnc seoon

L
————__Galactor _.
[orks b

J

o]

I D‘I||Irl|“1 1 [

Ball and plunga

Fig. 9.18: Gear Locating Device

T allonwy the drives o select the most swtable gear ralio, manual g{:rul‘rmc‘ﬁ re fifled with a pear
sanism, The main humprmu.ta of such a selector mechanism are shown in

uses (he poar lever 1o sclect a particular gear, the movemenl s transmitied
il {0 the gearwheel. Seleclor-locking or gear-locating devics hold a

proand selectar me cl

isimiiled
cnee, Lthe 2 ;
g 340 When fhe drive
e the appropriate ﬂ"‘|i Lo 12
ar engaged when it has been selected 28 shown in Fig. 9,21

o _ﬁ

2ol :
o T @ e LRI S
- ;L—- o
_,, '=|15,.:1,L,L=EJ !
l:'.-nar,q(,,. o

el witly
3w |/,
el g -
Dy
O _J_'.-_ 3
o4 R S . Goar g
R '-L'L—-' T 1 or igagsd ||_ | e
Coengine g —
PRt S - ) ) ) engaged  —-—
LT Swinging calipsr-yne Simpla ball-iyps inlariock i Bells and plunner-typo
imerlocking dovics interack
Fig. .19 Interocking mechanism

I'o ensure thal anly one gear can be sclected al a Lime, an mterlocking mechanisimn i ineorpo-
3 W ] .1 1I|

ae gear can |
el il the eearbox selestors, A selection of interlocking mechanisins is shown 1a Fig. 9
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AUTOMATIC TRAMNSIISSION

When a driver i driving a vehicle wit

4 manual trangmission,
B constantly pware ol'the engine load

i s necessry Lor the driver
and vehicle speed and 1o be shilting gears accendingly,

his type ol driver judgem
g or dowi 1o the mog
matically at the maos Appropriaie tme for (e enging logd

Advantapes

With an antomatic s imiseion, enl 1z Winecessury, shifting by
driver is not necessary and shiliin Eppropriate g iy accomplished ay..
and vehicle speed, ;

Compared to the manuai Lransnission, the automatic fa

Ranission has e tallewing advantape:
e Two pedal Comire], ie,,

the elimination of e clure pedal 1o
gear selection reduees driver fatigue becanse it averco
el and gear clange operations,

It autimatically ang
e

w0 reduces driver Fitig
gether with awlomaje

mes the pez:
o tedions ¢

smoothly shifis Beirs
telieving w the dviver of
nigues sueh as cly

Al speeds approprinte o
the necd 10 inaster clitlicul
leh operation.

the driving condition:
andd tronblesome driving tect
I prevents the engine and drive line fiom becamning
hydraulicatly

overlonded, becayse iCconnects ther
(v the twrgue comny

srter) rather than ey,
Types of antomatic travsmission

Final gear & diffarentia)

-

H EEngine
Al s stic Iransmission
Propellar shaf) E

Engin :
o] ,,

_-Autoraalic transasle

L

Fraonl <= I \

e

The pump impell
SoaEsI00 npiet shall

When the engine rol
sihe urbine runmer g
=, the tucbine runuer
Srking as apump in
Avudling, the punap i
Crzceiving the oil does
e lmnsmission ol eng
e pump peller s

crgile converter

Torque converters, §

Soconverter is able o e

Sridses
Fig. 9.20 Automatic transmission

Aomatic lransmissions v be bazically divided uo two types, those used jn FE(Froni-ex.
gine, Frapiowles chrive) vehioles {aulomatic transaxle} and those ysed in FR {fronl-eigine, Rea:-
wheel drive) vehicles,
MAJOR COMPONENTS

Most madern autamase Wansnissions consist ol lwa main units: a Auid eluich and L Eear-
Box. The functions ab these main parts are o ooy
Fluid elntch o i

Flaidd elineh autcmatically disconnects the deive when the engine speed is low and pradually cor.
necls it as the vehicle is moved fronmga stationury position, 11 s either i fluid coupling or targue convers:
Fluid coupling

The i voupling seeves 1o lansimil (he chigine torque 1o the gearbox, same ag e [riction Frinciple
clulel, but does i automatie)

v and maore smoal il
{drive side) and turbine runner (driven side),
sliced vertically inio 10 saual lialves,

I is comprised essentially ol | he

puig fnpelle:
These purts have e dppearance of

a Dl deuglun

Both ol these parts arc

These parts are contained in
a lwousing filled with nil

ry little clearance provided he

[ravided with racliating out from the center
wncd mstallied facing each other, with ve
i ]

Iweer,

A moving Nuid posse
il from a nozele on o

“nz fovee of impact can |

= 1he speed of the
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Y i o The ponap impeller 16 it ied on the enping eranleshalt and the turbine runnel soupied e
o muission mpul shall,
___'|'|.|!'|irI|*
yd s
; It - —--% Chalpen
s L { e\
14 v

Irnpellar

Flg. 9.21 Finid GCoupling

When ile cigine rolales, the pump neller provides motion o he oil in belween Hhe hiades 1o
i i |

e wurhine runmer and fransmit the engine power 1o he transmission. When (he engine speed
s e furhine runner will turn faster than the pumyp impeller se that the b rner will fow
corliing as a pump impeller and exeri a Braling action to the engnas.

At idling, the pump impelicr 1z rolating slowly and since the ol pressure ig Loy, the turbine run-
creceiving the oil does nal iurn The oil merely circulates between the opposing blades and there

ae franamission of cngine power ko the propeller shatt. This is bocause the oil pressuare penerated

hie puimp inpeller is nol Tarpe enough o overcone ihe resistinee of the drive whesis,
Torgue converter

Torgue converlers, 0118 simple form, can doubie the output torque from the engine, b addition
o ponverler is ahle o reduee e largue amplification gradually as the oulpul specd of he converler

ITCHSCE.
Tuibing Blades - — Impetler
4 : Blades
e i Siator ——
Chme-weay
clulch
-
W
LA |
VoD
arior by .;
Fig. 9.22 Torgue Converler
BT Frinciple
: A mioving Mnid possesses eRerEy anel iz means that 1t i capable of doing work., Direcling &
chin aecn AL i P : = .
; =id fiom g nozzle on to a plate causes the fluid dircclion to change and cxerls a foree on the plate.
“he force ol impact can be vavied by moving Lhe plate with the fud direction. During 1his move-
LA RTE

et The speed of 1he Nuid relative Lo the plate i slower than in the previous case, so the impact
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force will be less. 111 is possitle 1o maye ()
impact will take place, consequently no for

B

Velocity changes

[} When fluid strikas a fal plate
i) When uid siikes a cuvad plate

- Fig. 9.23 Principle of a torgue canverier

I the case ol curved [late;

redirects ihe fluid b

the uid strikes the plate witl a velocity W
ack al a velocily —V towards its source.

arrangement, since the plate nog only

catlled & vane, will extract the energy

Applying e analogy ol the nozzle-plate would indicate that when the

than the pump, the Toree of jujpz'u:t ol the fuid st
erease. This would be e if e Auid o

recireuiate then the spee

To give a hig

x

.,-»-"“/
Turizin or whaal /— / i

i
th

/

stops the uid bul
Mounting n series ol these Platzs on wog shall forms

4

-,

4—— Stator

Fig. 8.24 Stalor action

anc the curved surfac
Nouble the fores s potiined with the
also has to send it back at the same spesd
aslmiple nbine, Fach plate, which g na.
from the moving Nuid 16 produce g lrning activn on the shar

- Pump impelier

ie plate al the same speed as the Tuid is moving, they -
ce will be produced on the [l

turhine is Wwing slowe
tking the furbine vanes should pive i@ torgue in
id not have 1o return to the g, but singe this Quid b
doal'the thid compared 1o the speed of the [
b impact foree onAlé output member, the pomp most
thez turbine, so when the Huijd Eis |':Ic__:lu]'m:d t the

15 Lo
P wane st be considersd
b turning 2 a bigher speed thar
pump it is tavelling slower than the Pty vane, In

s AT

feamst the motio
1ot the spesd dilferene
2 bl this will also e
s braking action m
Lo (slalionary membe
otz which are shaped in
e pomp at a swital
sies of a torgue oo
The roles ol g targue ¢
o Bultiplying the 1
# Serving s an anlo
he transmission,
¢ Driving the oil pu
Lirque converter op
When the engine is run
enarifugal Force and el
= blades atlempts 1o rota

s movemenl is preve
SEsaneh fal i now cnie
U

As the turbine Apeds o
sihe oil low sirikes (e o
e nrbine Mades, sothy
The stator then bewins @
-2 almos| identical, the oil |
s orbing is almost ihe son
weersion lakes place an b

driviz

Irisin }]

anging

Al ihis stage in vehicle
cais s deseribed as the cogy
siothe other two wheesls ol
Depending on the desip
calliplied by belween 2 and
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PROPELLER SHAFT ASSEMBLY

L= e i s S e Rl B P bR S Bk v TATAT T TR TR AT IS 1T

[ ihe fronsl-engine rear-drive automobites, e geabox rotations are ransmitied 1o the rear axles
aeans al the propeller shall assembly, B eonsisis of prapeller shail, uni sersal jeints, slip joint, ele

DRIV TRHRUSY AMD TORQUE HEACTION

villh the convs

/" Aoceleraion Toroue

x\wj Fieartion

Braking Torgue
Aeaction

Fug ﬂ] 1 Effant of torgue reaction
Driwing thiwet
Drrvinge forgque praduced in the engine canses the hust (o be prodoced in the road wheals,
fich has to be transmitled from the axle housing to the frame and the body of the vehicle. Thiz is
st conveniently done by some form of member connecting the axle casing ard the frame or hody

fthe vehicle in the lengitudinal direction. Such members are cither leal springs or radius rods (or
s rewds).

Torgme reaction

ITthe road wheels are prevented from rotation with the propeller shaft ratating, it is seen that (e
“ovel pinton will tencl o roll round the crown wheel. This tendency is also present when the vehicle




vy

g

| . . s imiversal joint &
g rannang s that the bevel pinion always eods o o o thie crown whesl, Thas there &

oy i the same way, the br
divection o the torgque reaction,

iy o

force on the axle cash

i A universal joint, som.
2 10 roi Auniversal jo

“on shafts and allows angul

This 1z called lorgue re

ng tor.,:
ot Lhe axle casing is oppostic

oo the gearbox Lo the diffe
PEOEELLER SHARY s

=3

Fi

Wihere e engine and axles are sepa

rated from each other, as oo four-wheel-drive and res
Wer shafl that serves o transmit the drive force generated by

it 1z the prope

wheet-drive velueles,

5 H i .
Sl Ly (e axles.
i

Hie propeller shall is normally a carbon steel tbe having a high resistance against torsiona: .
bending forees. A balance wei

tis installed ourside the tbe to balance out rotational welght, T

duties of the propeller shall assembly are:

A Hoad shocks will deflec
= Lo DS Lo jLe

e propeller shafl, relatr

s L atlow dilferent drive shafl angles

oend ol the propeller sh
e o atlow clan

2550 lenglh

@0 reduce rotry wibraiions

ilip joint (or Sliding

Constraction

- Universat joints
2 W JeHnis ..

Indernal 2

X

Ciearbox

Slesve yolie (Slip joinl)

Fig. 10.2 Progeiler shall assembly

The propeller shalt is novmally made by seamless steel tubing method with universal join
yokes welded to both ends of the shaft. Some drivelines have two propeller shafis and three unive:

1oL use A cenler SIS

wt bearing. Four wheel-drive wheels use two propeller shatis, one :
drive the font wheels and the Sther to drive U e

ar wheels. Propeller shalls use as

s, propeller shalts shootd ¢

3. - . ' clive lenwth of the prop
thways be short and as sUas possible, this enable the shai LR AR P2k

1o resast the bending loads

lrrcqu reactions which are imposed during operation. [f the shall ca:-

CCenter heaving

nd b e 1 a shos fengpi

fness can be wnproved by making the dinmeter lacger P

peller shabts are enbier 20lid o iubolas by construction, A tubular shalt is siva

01 e some welght and Hueref

ser Lhan a solid shes 55
e ollers advantages of reduced weight and low manufacturing cos:

b N i e | f
Lomponenis i

Small S

Slicling Joint allow

_ - : o0 Lighhweiont tubutar shaft
fislance varation : o s Ll
Delbwesn wra

H Cosinti e of
Emissen and rear axle. 2 Vil arc o .
g propeller shalt | |

Swing s
ol rear axle

B ey W
| =ILIE

T -r-". P % o
© Lang ar highs
|

- Diffarar
o

1
S Hezr shaf
Frivpetler shaft retwasn arncs

Transmission

Long-wheelbase vehi
£ nree-joint type propeller

: e support the shafts at the mi
Fig. 13 Components of & propellershait assambly B

{15 a shoet, bar-hike pn




[here ::

dking fog

cldrive and rs

s eeneradeed by

it lorsiema)

ional weighl. ™

hoaniverszal
and three s

Hershnlls, e

i the shafl oz

lavger, F-

ihan a solid sl
nlactoring cos

Tenter hearing

“aaft is a short, bar-like product, The lomger the bar, the more liable it is 1o sag

=i,
P

By
Propeller Shaft Assembly & 111 {\_'} - J

Tniversal joint

A universal joint, sometimes called a Carden joint, forms a mechanical connection between the
~shafis and allows angilar movement of one or both shafis. Also it iransmils power smoothly
= the gearbox to the differential,

Drivirig Firaking |._j'
Tl_ mh—: ATy - _.-III;
.|I.l' |I- -.. @f“}?ﬁ“*/ B .- f-E"‘.-w:lllll'. '| 4
~_ St/

ol —

Fig. 10.4 Deflzction of spring due to road shocks

Road shoclks will deflect the springs to the position shown in Fig. 10.4. This will alter the angle
“ine propeller shafl, relalive o the gearbox and final deive and unless a univarsal joint is fitled {o

sthend of the propetler shaft, the shafl will bend and fracture,

slip joint (or Sliding joint)

—— o T ==

. e Xy
| d_‘lr F —'.'L_"—ﬁ

Intarmal Splines

=
€q) ig
Y {R@\\ R | Langth B,
\ o N\ ) e — ¥
4 W | ] increased \
Gigarbiog l.fﬂ}, e |3<_>_-,§||3{;~_{ foile hovsing
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e \ noreszed angle
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B
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Cxlemal Splinas St

S
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decransed

Fig, 10,5 Ship Joind and its function

Propetler shafls use aslip jointatone end, which allows it to lenglhen or shoeten. It permits the

“zotive length of the propeller shaft 1o change due to the up and down imovement of the wheels.

Larne sag due to
heavyweight:
A _____.-—]\ rasult - vibration —+ B e
— s B~ -3 . )
W TR _@ ]I._ .) Ji3 _]ﬂ@:t:—:;—r. _:_—ﬂ”{i
e Eoli shiai 5 e

_ ag

i )
Saction AA

Srnall Sarg)

Lignlweight lubular shaft — A
Cr
Saction BG

Bearing _ o—— Hubber

e )

Long or high-spaed shalls require a center baating to aveid vibration due to whip

Fig. 10.6. Centre bearing
Long-whealbase vehicles (lrucks) oflen have a propeller shall in iwo sections: a wo-piece,
reesjoint type propetler shaft incorporates a rubber-mounted center Beaving which is designed 1o

spport the shalts al ihe middle and w reduee torsional vikration and noise. For fts usape, the optlimal

and sagging is lurther
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premoied when rotation is applied. Sagping causes vibraiton and resul;
stich an extent that the shafi is likely w break when the critical speed is exceeded,
ICconsists of 4 rubber collar contained within a steel Casing, w

50 AN INCredase in poise

o Tor ane reveluti,

on i insignifican
chassis,

hich is mounted on the vehi :25ing angle.
Fhe centre Dearing normally nses sellalipning bearngs

s which allow for slight mw
ment of the shall caue by the pe

s pearboy moving on ils monntines,
UNIVERSAI, JOINTS
Requirements

o oumniversal joint:

2ar sectiong of tie g

A modern vaiversal joint is sxpecled o meer the lollewing requiremenis:

L Sirengih: High torque tusl be transmitled wii
2. Compactness: Space is |

3. Large drive angle:

I the nininem encrizy due o friction,
imited so the joint must be simall and rohust,
Medern road sprugs allow

large wheel deflections so (he Joint mis
o accommodate the farze drive angle gi ;

given by this movement,
4. Bhalt balunce: Severs vibalion socurs i (he shai

snother reason for
T runs owl-ol-irue, so the Joint must
tam good alismnent,

saemag deflects. Thus tor
sz the springs would
T alzn changes ifs px
ezceller shall, icwill bey

sz propetler shalt is

3. Operating speed: The
high torque and variahle drive

to-have a long life and minimum mainienanes,

1oint must operate efficiently al higher specd nnder the condition:
imgle. This requirement must he combined with the need for the ;.

Constraction

iversal joints are

riher greasing. In ca

Phie merits ol this oy
Lo Compaciness,

2 Migh mechanical
3 Abiliny 1o drive 1l

Slesug unl

BV yoke -
|

J -Jr‘h\l.\,-' . i -
TR Spider
9

S

4. Avcurate centers

SONSTANT VELOC

C‘\ % || " ; :
|' "‘ﬁul e FlEAIB Y
-

Fir,, 10.7 Paris of a universal joint assembly

al joinws are made from healotre: ted steel. Fork-type Juins are connect
The journals of these joints normally run in fully-enclosed needle 1ol

gl fingether b

ler baarings
g T o mantznance. Normal patteras af universal joint can bend o an angile of ak
i Hsons providing an angle of up to 25° are also avatlahla,
poirler of shaft would
sl thal spoad vasies Y R
i A constant vaelocily jo
=it shall positions withit
: so the conuecling devii
i oia the angle of drive.
i ~onstant velocity o
W a % Speed varfation with Hooks tynie joing ] :
o .?_,b\} ., ' ' o Vne method of achic
14 ia e 3 FE . — ATELTT s e
s i U onely one universal Jont, the shalt weall only run uoilog il 2 cvarsal joints back-to-ha
: Paway from a straight line, the section o [shaft afier the i s=nalier shall. In bolli col

-evolution in relation o the section of sl 1 before the joo e speed change of ane io
sning g drivee Hwonrph an angle, (e outpur shafl does nal po

& Instead the spead viries every 90° of raration and the rate ol m
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velicl:

A Naisaligs

clion,
poid must
il st s

conelifion:

together b
bearings z-

ngle of abg

unedorls

e 11
EF) (&

the joi

ore the joiz:
s ned poles:
ate of moyv:

“rapeller shafi

' Propefler Shaft Assenibly ¢ 213
=zat for one revolution is fast, slow, Fast and q]Lm Thiz eyelic .&;H:rc! variution and i1s assos

“oration is insignilicant when the drive angle is less than about 5° This vibration increases wilh
soreasing angle.

Two umiversal ini]lv: on a shafl lave the eflect ul'cniu:u:llil'.g oul non-uniforms ratation. The front

i rear seclions of the shafl then run at a uniform speed ane Lonly the center section varies in speed.

Chivineg Braking E]'
: — 7
L L
L I
R‘m /
) SR

Fig. 109 Mead for rear universal Joint
Amother reazon for nsing fwo universal dodnis 1s shown in Fig 10,9 Do o iorque reactinn
ang deflects. Thus torque reaction is taken up by the springs. Similarly, Lo (i up the braking
e the springs would deflect i the opposile direction. When the s ngs deflect, the bevel pinion
it also changes its pozition. Therefoee if

. he

Mhere iz only one universal joint al ihe Tfront end of the
peller shaft, i€ will bend under this candition. To aveid this, another umiversal jomt at the rear end
be propeller shalt s naed

Universal joints are usuvally pre-preased by the manulzciorer whereas sonie are havis 1z anipple
- further greasing. In ease of failure the spider and all collars with needle raliers have fo b

replaced
The merits of this Lype of joinl are;

Cornpaci

2. High mechanical efficiency.
3. Ability Lo drive through a large oceasional bump angie (maximum abou o
4. Accurate centerisg of shafl, henice the joinl s suitahic for high speed aparation,

SONSTAMT VELOCITY (CV) .!GINTE

Erual i /
angle ! ;

Pt Equal
—— Angle

Fig. 10010 Canstant velocity joint

Acconstant velocity tninl is a tvpe thal provides an ot

wpul shafl speed equal o that of the input
allshall pesitions within the warli thg range of the jeint, Constani-veloe iy conditions are schieyved

on the connecling device hetween the drivi g aned driven yoles is positioned in 2 nlane that bi-
ot the angle of drive,

constant velocity universal joints

Che method of achicving 8 constanl speed owput from the propeller shaf

2 05 o mounl tao
ersal joints back-to-back {double Carden 1ype) or positioned in a certain way al cach end of (he

In bath conlizurations the relative pesilions of each joint must be arranged so thal
2 specd change of one joint is counteracled by the other,
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Slip ok

flarge

Driving
shaf

Fig. 10179 Double Carden constant velocily universal joints

A constant velocily wniversal joint {double Carden Brped waed in fronl engine rear wheal (;
15 showi

in Fig. 10.1E. 1t consists of two universal joints linked by a ball and socke The ball :
socket g

plits the angle of the drive and driven sh

versal joints ol ilie consla-,
Ljomls operate w the same angle, the speead t and sl

8 belween the oo o
velocily unit. B

cavse the B universa

down action 13 cancelled oul. The speed-up resulling ar any ins
ol is cancalled ol by Ll

wslow-tlown ol the other. Therefire

no speed change oceurs between :
o shals connected w oz consnb-veloeiny univers:

sl joi

Conslant speed

YLKES i1

me glang

e

s0 shaft
I wernghd

Spesd varn
must he lig

e

Fig. 10,12 Driving throuah an =_mg|i<:. Both angles

Hre coual and

giving no variation between inpui and oulp.;

sing of universal joints, as applied 10w separate driveline fyouts, is shown in Fi
s dhiagrain shows that 1o restore a constan speed, o conditions must be salisfied:

® yowes al each end of the propeller shaft must be posthoned in e same plane,
@ drrve angle of each copling must be el

Constant velocity joi nis

I the romt-wheel driv

: vighicles, one end ol the driveshali is commected toon Hxcd transays:

9 1 y b e Tres o ERET
assembly and the other end is diached to o wheel hub that moves up and down with The INE T AT

am e the action of one Liver.

zeable difference in the &
sszering lock, but without

sath. CV-joints don’t shay

Szeppa (Birfield) jo

~omsists of a speciallydes
nired.

[y addition 1o g

g 1o be steered fh

Fig..*

Front-whee] drive v
sant velocity (CV) joi

anted tooan angle of 20

e sleering “twitching?

[n contrast, a CV jain

Front wheel drive g

The Birlield joinlis g
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slack should not excesd approxin: |Ef‘|* 15 60 20 -
Vrow ol the chain,

With the load on the wh: cost mfii‘h

above and below the theore
or adjusters.

DIFFEREMTIAL

iolal chain

in slack can be taken up at the ienstoning o The meneral consiruciion

The differential is a devicedhat enables two drive shalls 1o be driven at different speeids,
with equal torque.

Need for differential

The right and lefi wheels da not als ways rolate at the same speed becanse ol road conditions, :
ily during cormnering. There is a need for a special device that allows the wheels 1o rotac
1 iransml forgrue.

e5pe
different specds while oo g i

In comparing the path of the inside wheel CAY with the path of the

oulside wheel (13) of a veh:
wlien it turns along a curve, ag il ustrated in Fig, |

(0.234, the outside wheel (B} draws an arc wh

el (A) draws an arc whose rading is the distance O -
wheel i longer than thal of the inside whee!. For -
te wheel 1s forced to move faster and volaie more than the inside wheel,

IFane of the wheels is on a flal surface and the other om
10,231, the

radivs iz the distance O-13, ».=|IL he inside wi
Therelore, the distance of travel ol e oulsigde
reason, the ouls

The ring ear {orown wl

0 rough surface, ag illustrated in F Z
al & higher rpan than the otharwheel 1

5'-|1-|1e gear pintons all

swhiee] (AY on the rough sucfice naturally must run 242 PINIONS OPPosic i, .

: o the fTal surface (this is nol necessarily so, however, (5 both wheels are on equally rough surlice: apposed pair of pinion:
- Ayt | AL TE L IELT:

| Iy ) H : e T ey e Crel? E g i s , o5 FITICH 34
A Furthermaore, il 1z extremelyt rave Mo both wheels (o un al an idantical P even on ordines shall w

§05a

heel t by the ring pear, Thes
roads, because the two wheels t by the ving pear, The

seotact the road surfaoe [|'||—lL.,ELI'|l|"" even if the roa

Annther reason for this difference in p
the amounts of ivee inflation und wear, 1
af 1

d appears o he £
nn belween the vight and left wheels is the dilference 3

nomast cases, therelore, i1 both wheels were frosd tore
the same pm, one ol them winld slip. Tyres would, therefore
formance of the vehicles wouid be aflected as a resull. To

The final drive ¢
ihey will be transmilth
shyis located in the axle

. wear faster, and the driving p=

solve II:f_-e::: preblems, thers is needas
differential deviee that allows diflerences in rpun o

Zperation
»occur while fransmitting equal forgue

raight-ahead trz- 2

i The rolling resistances .
Lislance A =

e = s 2 slraight ahead on a leve
RES of ingida = REM of sutsids : P g
wihize] e Eeirsc i

: themselves do not rotate

= this case, the diflere:

i Mol Taen sun gears rolate gs a
Fig. 10.23 Need for differential unit : T zzels o tum at an equal

i
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engaged i

"J.L

m s the r
them. For m
wavier vehic

s ihe nums
HnEon axis offzal to
crown witeel cenlre

on the pinior

Fig, 10021 Hypoid final drive

Since these pears are constantly sliding and rolling against cach other, the hiypoid bevel gear

i e lukb

cafed with hypoid gear oil (extreme pressure eil), which bas a high ol Glm strength.
dittves such as clilorine and sulphate prevent the gear teeth from “scuffing’ as well as providing
ith a trangver & quate obrication at all like
v as reduct: - 4

Lemperalures.

Chain-sprochket Gnal drive

i Bome hes

i —, ;

Final drive

3 Figg. 10.22 Chain Tlinal delve

E]

Chain final-drive i

5 ki eychng™s most common system wsed o ranslerning ine

hevel oprs ancal energy o e reai wheesl

L e 15 tansmitied from the aogine via o coller cham and a pae of 1aothed wheels, or sprock-

1on the counlershall and on the cear wheels. As the chain s deasan avound the counder-
41 aprocket by that sprockel’s rotation, the gear teaih mesh with each link, This action puils the
s owhich retides the sproclket on Ahe rear wheel in the same fashion. Thal s, the chain meshes

ear wheel sprocket’s teeth, turoing i1, and the entive rear wheel, around.

Chese dovys, there are bwo Lypes of rolier chains lor motoreyaele

s Oering and non O-ring, O-ring

=]

s ean be & hit ol & misnomer, Rather than O-rings, manufacturers are using X and £ shape rings
& st help keep specil, installed at the factory- Tobricant inside the chain and water, dict and othee nas-
- oul. Mote that most high-quality chams used on moloreyeles are Ooring (or X or Zring) chains,

P There ave several good reasons why motoreyeles prefer chain deives, To bagnowith, ch

ve syatems are lighier than their other two counler parts, bell and shalt drives. They are more

Setent, too, than big, heavy, power-snanping shall final drives and narvoeeer than bell final doves

rear-drive vi*

ve to the cen:

sreover, chiain drives allow owners Lo alter their overall gearing with relative sase.

1
SEMTITOEL.

it shaft le

e

Chain drive has its disadvaniages too. Chain drive is noisy. 1 requives the most mainlenance
choas periodic eleaning, lubrication and adjpssiment, as well as replacement, Indeed, when o chn

R [ s
tha b -dlor sprockels

s are meshe.

re worn oul, you nesd to replace all three-chain, countershall sprocker and rear
seel sprocket. Otherwise the remaining pact(s) will wear oul the naw ona(s) quicldy

L e 11 G0
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Construction

erbly is shown in Fig 10,324,

The peneral constructional detail of the final drive aid difTerential
Diriwes pirion

2y -

&

J‘ﬁ]’l?? Pinion shat
AN S

. CDifferenlial cass
5

Axle shalt

G . :
38

Gear

g gear

Fig. 10.24 Differential asssimbly
The ring gear {crosan wheel) of the Hoal drive s attached toa dilferential caze which containg four
v ol e
- el pinions opposite each oller are splined to the Bl shafis and are referred o as the sun gears, The

-svel-type gear pntons ol Teing nwands, meshing wilh gach ather in the Torm of a box. 1

her opposed pair of pisons are free 1o roiate upon a pinion shall and are known s pimon gears, The

~nom shalt which acls

v a pivol for the pinion gears is mounted o the differential housing which is
iven by the ting gear. There is oo direct conncction between the ring gear and the: half shafts.

The final drive geas mnst fanclion precisely in correct relationship with each other. AL Lhe same
e they will he trarsmilting very high torgue. For this reason, the final drive and dilferential as-
ambly is located in the axle casing and supported on taper roller bearings.

Operation
Straight-ahead travel

Mg SE q
Cross pin Planet gears [Tifis

: Yifizrentizl
stationoey

—
—

i b
1|

Fing gear——eysl f
JI E | s
l T T = - Diffarantial caze F | fi 78

K Li 1
F'ﬁ'l'r T ~ SR gear |'

el

b
1.0

M G
7
/')ﬁ
‘ Pl Half=hall
- J | Iy -
) '.—;J Ciflerantial pinicn v

|_.'f"l BEM A =B Ciron '-\.:.ll‘-l.'!l."'i
Fig. 10.26 Straighl-aheadd

The relling resistances ol the two diive wheels are almost identical when the vehicle is fravel-
axle shaflls, the difTerential pin-
wons themselves do not refate bol form as ot with Uie ring gear, dilfferential case and pinion shalls,
in this case. e differeniial pinions only hmction o conneet the right and lell sun gears. As a resull,
the Dwo sun gears rofale as a umil with the revolution of the differential pinions, causing both drive

lig straiphl ahead an a level road, When resistance 15 eoual G b

whiels to lurn al an equal rpn.
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2 pftha
zelrically operatesd s
cwith a similar set ofd

051 GO

Turning

When the vehicle is tumin 2, the dnside wheal avels less distanee ¢ 2., i o shorter are) than

cutside wheel in com LIV 'u“ll. when the vehicle is iy .,I..l.. il

aight line.
iving the sun gears at

Sl reiea o T
Fasl-turning T ::"-.'.ki.k‘.L| for novmal roe
pinion gean ;

AETED SEEP DIFFER

Fast-lurn:; 4
outar shar

Fazt-turr ing H
HEM A < B pinion gasr (planat wheel)

Fig, 10.26 Corpering

R e anag, & P PIT

cties § resislance 15 therefore applied (o the leli=hand sun ._;-;a;r: as Hlustrated above in Fas
I il
026, eacli differential purion rofides around i owene shall and also revolves around the réar as -

he rpm ol the right-hand sun gear increases as 5 resull,
One wheel on a muddy surface :

i Fit

Fhe differential described above 15 5 standard or open differential, 11 d the sume org..

Lo el wheel, 1 ope Lyre *-,,' s 1o 5|| v aned spi, the open dilferential divides the rotary speed L Lany vehicle, if any o
s -r . 4

i1 order 1o resirict thig

ally, The tyre with gool IJm,ll e slows and stops, This may also slop the vehicle or preven
from moving,

+ihe sun gear and difle
:J'.:I-.:runllu]ﬁ (LS an
as couphing type show

.1 :
5 10 e mud o w

[Fone ol the wheels p

nely lovw (liction resistainee of e mddy surlace,

start toospin i0 the aceelerator pedal is pressed. Ti

Phis malces 1 very dilfice)

ol the extres

(=1

L get thiat wheel out of the i,

duse 1 merely spins (at an cpm twice a5 mueh as thar of D 1 Che driving plates ol o
< Il Vo = = - 4

) instead ol movine,
- -.|;:||::|| 1o the sun e

CIFFERERTIAL LOCK e sl When theee 1s iz

G- 1Az sihcon i remiine

Acdilerental lock is

miechameal device Lthal, w..u o litbed 10w dilferentinl, prevents theldrivir,

fend effectively soliditi

wlieels from rotating l 4 enl spees . i hs dithsreni i
i U dhifferents
. . i Shding % 1 \ '
. . o o 5 \ I Hog locks up, When
Dowen wiheel MPlanat I..! C L Shiching Crowen viheal HSR TR " g locks WP, WY i th
] ; dilfzrential dag aluich £ ! ; Flonal aigraning sk the

Gelhe

Y
‘ VAR AXLE
sty His w
o L wehicle d
.I
o
4] I =
i o s
' : vlive axde is ane thal
: ce 15 fransmitled, passing
j carl wheels. The axle
I e N s e axle casing,
S gear Fiwi Fivont
14a) I i :

ESE
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WHEEL ALIGNMENT

WHEEL ALIGRMMENT (OR) STEERING GEOMETRY

The driver can tum the sutomabile in any direction he desires by turning the sleering wheel.
Cawever, i1 e driver manipolates the steering wheel continuously 1o keep the vehicle ninning in
—aighl e whern travelling on a straight road or i he is required 1o expend @ lot of enerpy 1o tum
©wehicle oneorves, he would be under a great physical and mental strain,

The wheels ave installed on the body (or chazsis) at cerlain angles in accordance with certain
“auirements e climinate these problems, as well as (o prevent carly wearing of tyres. These angles,
s combination, are called "wheel alignment™.

Sleering 1s ensy as long as the wheels are aligned properly, because the steering whesl will
=main in a straighf-ahead position on straight roads with little help fom the driver and will require

e effiorts Ao turn on cwrves, Bul if even one of these angles is incorrect, the Tollowing problems
) OCCUT

v difficult sleering

» poor steering stability

mTI0E TECOVENY O CHTVES

e shartened tyre life

Wheel alignment refers to positioning of the front wheels and steering meehanism in such a way

3k the peometry may impart:
2 ool dircctional stahility
= slesting case
= mInimum yre wear
“e reversibility of steering, and

e durability nf the component parts
FROMT-WHEEL GEOMETRY

The term *lroni-wheel geometry” or *steering geometry” refers Lo the variovs angles helween the
“ont wheels, the frame, and the attachment parts, The angles mclode:
. Camber
2. Sleering Axis Inclination (SAD
3. Casten
4. Toec angle, and

5 Turmng radiug
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clule ronning, the Lyres

v Awiomedile Engines

: rone side than the othe
Zei

~ETER AMD CASTER Y

aader 15 the Lovward arl

crad oy deprees from the

P STy Megalive camlber

Fig. 12,1 Camber anole

Catrnber 1 the 1

o the car wheels from the verteal when viewed from the front ol the ver

Camber i

thike il s outwards at ihe top and is “ne

_ f
U ihe top ol e wheel is oo il

Liilts dovwards at the
alled “zero comber™. Camber (galsn o
es which is normally up (o 2%,

ralive

i inetther divection, il is

whecl rike and i measured 14

e comber o the wo

I+
ity

the distance rom the inte
= Iyre-Lo-road contact are:

wels the

vheels is oot equal, the vehicle will Ly 2o pul] Lo
where e camben 5 j|i:._f_ig|._'i

dackward ot frony the w
3

21 e

ned s called

aehind the wheel centerl

£
(|
. & II II
AN LAY
1 Bt
< | -
L.

Fig. 12,2 Unequal camber apgle b Fig. i
L the convenliona ] vigid axle, the comber remaing almost 1ixed ;

i the caster on the two
A . Sy i s he casteras leust,
Effucts of poasttive carnber Hekesloras

Fhe ellects of posilive cansber are ax tolle

[ PR Tyl i
= Beanehon ol verficat Toal

* Prevention of wheel s1p-off

crevention ol yndesicable ne e camber due do load

. B : A
& [echoction ol sleariny offon I
Effects of negative camibey

Sogne vl

g5 {lreguently

ravel i hills) are being given negative camber to improve corner.: Roa
prrlormanss :

Effects of zero camber Excessive caster provides
Phe meain reasen For adopiing zero camber is that it prevents uneven wear ol yres: 10 is alwy s
desirable Ml Lyves shoold roll on the ground vertically so that the wear is uniform, The tyre lifo v

e i inam when the cimber

sgle in running condition is zero wilh average load.
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1Fwhile ranning, the tyics are inclined from the vertical sither inward or outware Ahey will wear

mzom one side than (he otler,
LA5TER AMD CASTER TRAIL
Caster is the forward or backward ill of the steering axis as veiwed from the side. Caster is
ured indegrees Trom the steering axis to vertical,

S
|-—~-r Casiar

Fronl :!')Tt;s
N 1

amber

E
. ‘.

wards af the i R [ P
Castar trail

Fig. 12.3 Castar and casier trail

MOV IE AR O

wards e The distance Trom the intersection of the sleering axis centeriine with the gronnd, Lo the center
ihe tyre-to-road conlact area is ealled “caster trail”

Backward tilt from the vertical line (steering axis meets the ground at a point in front of the
=2l centerling) s called “positive caster™. while forward i (steering axis meets the gronnd ot a

b behind the wheel centerling) is called “negative caster”,

H ||
_ull
e

[ B

||I.|l [ -:I" | II||

LR )

\ | R4 /}

\.t I|l _.-:,/

Fig. 12,4 {a) Posilive caste and () Negative caster
I the caster on the bwo frent wheels is nol equal, the vehicle will by Lo pall dewards 1he side
2re the caster 15 bensl,

’ a "
= Pivol axis

QR oD -
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Fxeessive caster provides a road shock path 1o the vehicle.
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