


INTRODUCTION

VWhat iz Automobile

A self propelled passenger vehicle that usnally has four wheels and an imtemal-
combustion engine. vsed for land transport. Alsocalled motforcar.

An automebile (or mztomotive) 13 a vehicle that is capable of propelling itself Since seventeenth
century, several attempts have been made to design and constoct a practically. operative
automobile.

Today, automobtles play an unimaginable role in the social, economc and indusinial growth of
atry country_After the introdoction of infernal combustion engines. the Awtomobile industry has
seen a tremendous growth.

Classificaton of antomobile;

Automobiles can be classified info several types based on several eniteria. A brief classification
of antomobiles is listed below:

Based on purpose:

1, Passenger vehicles — These anfomobiles camry passengers — e.g.: Buses, Passenger trains,
cars

2. Goods veldeles — These vehicles are unsed for transportation of goods from one place to
another. e.g.: Goods lorry, goods carmer

Based on capacity:

1. Heavy Motor Vehicle (HMV) — Large and bulky motor vehicles —e. g Large trucks, buses
2. Light Motor Vehicle (LMV) — Small motor vehicles —e.g: Cars, Jeeps

3. Medivm Vehicle — Belatrvely medium sized vehicles — e g: Small trocks, num buses

Based on fuel source:

1. Pemrol engime vehicles — Antomobiles powered by petrol engine — ez scooters. cars.
mopeds. motorcycles

2, Diesel engine vehicles — Automotives powered by diesel engine — e g2 Trucks, Buses
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3 Gas velubcles — Vehsoles thal wee gas nakaone & power somoe —e g0 Tiarbae poivered cans

4 hhr:lﬂ'h—l’:ﬁ:hﬁﬁp:ﬁmﬂ}'pﬂmﬂb}'mhpm—:;..Euhpnnundm

5 I}'ﬂl’“ﬂFﬂ veluckes — Velncles hlthn'th_l,r:l'ngmnlpcrwume— EE- Hopda FCX
Clansy

& Eleceric vehdebes — Anmcanebiles that vse clectncity as 8 powe somce — 520 Elecinic cam,
electine ey

7. Seeam Engloe Velicles = Ancmotives powentd by sieaim cagine — ¢ g Seemmbonl, sieam
lecomctive, seam wagon

& Hyvbrid Veldcler - Velncles thal nie nwo or maore desiingt power sowoes - &8 Hyvbod
bisses, byt can bke Tovota Priss, Hends gt

2 Hybrid Electric Vihicle (HEV)— Austomobile fhat uses both Internal Cominstion Engime:
and Elecine Power Soace o F“'.F’EI el — e.E: hgu.f—!ﬁﬁ

Based ou oy of cramsméssdon:

I Auramatic vancmbsien velieles = Amomotales thar me capabile of chaagang pem mnc
miomatically as they move — e g Awomatic Tramonssion Cars

2 Conventional tranumizvien vehicles — Avtomoines whose peas matios bave io be daanered
]y

3 Semi-aucomatic oransmdvsien vehickes — Velucles thar facduate mannal Ful:'lmpn;lm
chuich pedal

Based en mambsr of wheels

Twe wheeher = Antcissales havag twe wheeels — .80 Scodben, motiryhes

Theee wheeler — Automotinve baving tloee wiseels — e g Ticypcler. Ao nickoukawn, Tempas
Four whieeler — Velucle bmang fng wheels —2 g Car. Jeep

Six wheeler - Auomobile hoving wix wheels wed for beayy tasportation — ep. Lage
trucks, large buses

A

Based on shee side of drive.

I. Left hand drive anismebils — Velncle m which desrng whee] is fimed on dee loft band side
—a.g! Asstoemolnles found m USA_ Pasus

2 Raght hand drive antomobhile - Velicle m which desnng wheel o ftted oo the nght hasd
sde — e g - Autsenohiles found 10 Bncha, Anstrahis

Integrated Frame and Body

The maegmced fmame and body type of constroctien (image 3) abo refemed o 89 wndnzed
ComstTic Bon, oommbarssy ﬂ:lt!nmtmdhcd:.-‘ﬂu-l 'q::lg,lr :l:ltul:l:i.l.-:rm

Thus 13 done by welding the components togethes, by forming or casting the enture shmchare as
one piece, of by @ combinaon of these technsqes. Sumply by weldmg a body 1o a cooventional
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frame, bowever, does nol constinte s integral S and body constraction. I o iy srezraed
striacture, the entre Eramie-hody sl o treated 83 8 load-cannag menber tha reacts to afl

lnie prated tvpe hodhes for wheslsd velneles me fibmeaied by weldeng preformed meial pansly
icgether. The pancls me preformeed @ wrious Icad-beanng shapes thet ae lecnied and onensed
o @ 10 resdl moa uoifeemly dressed smichrs. Some portions of the mtepaed stnacture
resemble framee like compaonents, while others resemble body liloe pacels. This i3 not seprizing,
becanse fhe shctue ot parform the fmchons of both of these ebements.

An imegaed Sane sl body type cotsmction allowy & moreases @ the aincusl of nose
trapsmutted mto fhe passnge compartment of the webicle Howwver, this dissdhantage is
pegated by the follovneg adveninges:

Sobstential weight reduction. winch 15 posstble when nuieg a well-desipned veated body Lower

earmo Moo and vehicls height Protection from omd snel waser required for driveline componenrs
on ampiubsoss vebocles Feduction in ke ameami of vibrstion present i the vebucle croctme

kmage 3 - Imteprated Frame and Body
Ladder Frame {Track Frame)

The treck frame (image 4) allows different npes of ek beds or enclosmes to te afiached o the
TR Fm:lquht:b,l]zﬁ-mnnn‘:hruwﬂ,-ﬂ-u{dnmd oo consfimctomn. The sde
emile pere parniiad 1o aach othes st tanderdized widths 1o peremit the momsting of mocl: tEmneneii,
amsfer coses, rear ancles. and other samilvr components, Truclks that are 40 be used 25 pome mosers
have an sddinsril remfnecenent of e sde fafle and sear crosd oassibers to congpencals for the

There are almost m mmny ifferast types of Su-ahed-dnve sytemm n there are Sas-whel-
dirfie velicks It e that ety mamafctnrer hae severn] different schemes for providing
Iirtle comflasagz s befoee we get stested ecplausing howe ey woele bet's chear ops some
termanalogy

= Four-whietl deive - Unmily, whes comlen sy 1= & cor has four-wiheel drive, they ame
referrmg to 8 part-time sidem. For remsons we'll explore ke 0 fis arbicle, thear symbems an
meand only for e m low-trachion comdbttons, mch as offrcad or on snow or ice

& Allwhes] drive . Thees nstems ae someture: called foll-time four-whee] drive. Allwhesl-
e ywstems are descgned o function oo all types of sufaces. both on- and off-read, a0d mos
of them cannat be sadched off

Par-tunic mul full-time foim-whedl-dove snienn can be evalmtod usog the saine cricnn. The
Lt sttt wall send eseacly the el seemst of torque o each whes], wiuch oo be scosi
e Akt wom'l coese st bree 1o siga

Tn thi= article, we'll explaim the imdamentaly of fma.wheel drive stamng with some backgrosnd
ion traction. and lowlc at the conponents thort oalee np a fourswbeel-dme oyvtem Then we'lll talee
o ook of m conpls of different systems encinding the one found on the Homme:s mamrficmred

fium Gibd by Al Gremenal

dhifferend fona-wheel-drive systems found oo cars.
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PWER

FOWER 2= the mesrnae of how mach work camn be dose @ a8 specited time, [n the sxamgple o
e Work and Energy page. e ooy prlung the oo did 16 500 foot-ponnds of workdf b= &
e wodk o oo memes he wonld have prodsced 5150 foot-ponsds per memate of potver (143
frrl::lm-pumd.l.'r]m;l H}ﬂumn::hrlhﬂuttﬂi.ﬂmﬂr,ilu‘nﬂlﬂhr:bmﬂ
lnmuwﬂ:n-:mpe;um

In the s way that oneawris & luge smount of weighs by definmion, 2000 posnds),
aigt forwgpreer 55 lage snsovst of powes. The deflaticon of coe hovsepowe & 33 000 foor-
pownds pav miraite, The power whach the ey produond by paalang ks car scrods the kot (8230

Forot-pomdhs -prir-anumste ) expanly s hermepows (8,250 = 33,000
CHL all that's Bne. bust how does puching a car across a parlceng lot relates to miating machinesy?

Commider the Solloanng change to the handleand-crmnkorm dleeteh above The handle 13 sufl 127
from the center of the thaft, bor pow, insiead of betnp fixed © the wall. the shafl now poss
ikronuph the wndl, weppored by Sncnooles: beaningy, and i smached 10 a penemior behind the
wall

Suppose. au dhsirsted o Flgore 1, that & comtant fores of 100 . n semehon apphed 1o the
hamdls wo thal the force i slwenvs perpendecilar to both the handles ad the crank-pen s the
crask furns. o offver words, the “arroa” rotated with the handle sod remarns = the same poution
relative 5o the cramk and handle, a5 thown i the sequence below, (That is called 8 “tangentsal

25D

Fipwe 0

1§ that constant 100 [b. tanpential force spphied o the 1% handle (100 Tt of porque) canses the
Mhm-tﬂﬂﬂihhmhﬂhmﬂﬁgmﬂlmh&ﬂh
wiull gz X8 HP, calcoleied s fliows:

100 Po-fi of worgme (100 Bo, x [ foot) amen 27000 BPLL drouded by 5252 13 38 HP.

The fallowing examples llaurate veveral different values of TORQUE wiuch piroduce 380
HF

@: How musch TORCHUE is requuived to prodice 300 HP at X700 BFAT

NAME-SUBHASINI MUDULI
DESIGNATION-Guest Faculty
Mechanical Engineering Department




Ece HF = TORQUE X BFM + 5152
i by reATangmE the Bation:

TORQUE = HP x 3237 = RPM

Amvwer: TORQUE = 208 1 $2152 = 1700 = 354 Ih-fr.

Exampls 2: How sameh TOROUE 18 required to prodacs 300 HP af 3500 BPM™

Amvver; TORQUE = 300 x F252 « L6000 = 243 fb-fi

Exmiopls 3 How muach TORQUE 1 recuired 1o prodisce 300 HF at 5000 BEMT

Awpwvery TORQUE = 200 1 3151 = B = 187 Th-jt.

Ezampls 4; Hovr mwach TORQUE does the 41 000 BPM mmrbime section of 2 300 HP gax firbune

engiee prodhuce’

Anvwer; TERQUE = 309 1 5152 = 41,000 = 2584 ib-ft,

Example £: The mestpor shafl of the pearbox of the enpme in Fxsvples 4 shove tuma ot 1391

BFAL How mmeh TOROQUE 18 avadiahls o iha shafi®

Anpver TORQUE = 3w M - 1Ml = Ml I

ifgmoring lovies in the gearbor, of cosrse),

The pevimt 1o be talen fom hose misnben it that o given smonst of homeprae o be made

e an mfis b of comtnnanons of towmpe asd BPA

Thasl: of b sather ways | ocars of squal weghs. 5 2-Ebey roan-cam enpne that males 500 0P ot

B0 BFM (197 Ib-5) and 400 HP at 10,000 FPM (210 T-f) mall pet vou ont of a commer jist &

well as o S-bter engioe that makes 300 HP at 4000 FFM (3594 1b-f) and 400 HF & 3000 RPM

{420 1o In Gact, 1o carn of exmal weipht, the smaller eugme will probably mace BETIER

becavse 'y much Lighter, dhesefore pun bess weight on the front end  AND, o peality, the car

with the lighier 2-lvier enzoe wall Gloehy weigh less than the big VE-powersd car. wo wall be o

bester race car for weveml peasons.

Mearuring Power
achnamomeler deternsrgs (b pover an snpine produces by sppbang aload to the enpine
cistprt shaft by meass of a vater brake, o generater, sn eddy-carrent absorber, or amy other

controllable device capable of sbsorbmy power. The dvnamemeter consrol svstem cmimey the
ahsorber 1o exnctly gunch fhe smovst of erqoe the enpine 8 prodociang ar that snstast,

then mearirar that torgue and ihe rpm of the sogene shaft and from those two meanmemenin, i
calculares ebserved pows. then o apphes vamous factom (ain iempermee, baomemic pressuge,
relative bomidiey) o ovder io covmecr the obterved power 1 the vaboe o would have boen i if
Fund b mipcsured af srandard ammecpherte condimons, called corrected power.

Power to Drive a Pump
In the conre of working wath Lot of dofferent enpoe projects, we often benr the suggeition that
engine power can be moreased by the vee of a “berter” cal pump Insplicit & that mogpestion is the
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tehief that 8 “beber” cel puagy b bopher pusagnag efficency, sxd can ibevefiore, deliver the
requised Bow ai ke regored pressre winle consunuing less power from the oanlchaf (o do so.
While that s techescally troe_ the magmitude of the Enprovement numbes is arprisingly suall
How! miiach peoe dhoes if take o deive a pamp delnening a kmovws Sow al a koown pressizeT we
barve already shown that power s work per onil e, and we will stick with goed old American
umits foq the tepe being (fooi-pounds per munoie and mch-poumnds per neEnmie). and we koow
that flowr times pressare squaks pewer, a5 shown by

Flow (celic mches |/ noomee) msldplied Ly pressare (pounds ¢ square ioch) = power (incl-
ponnds | (e

From there ot is sy & mater of meliplying by the sppropnste consams 0 produce &n
equation Which caleulates by from presise tames flow. Smce ow 6 siore feguently poen m
Eallons pey muivnise. and sinee if 44 well koo kar thers gse 731 cubic mckes i a pallon. hen
Flow {GFM) x 23 {cubic inches / gal) = Flow (cubic inches per mimsie).

Suce, as explained above, 1 HP is 33,000 foot-pounds of woek per mumie, amitiplyisg that
mh'h:rl]puﬁxuﬂrnmﬁun[nﬂ.-pumﬂ:ufi’uipﬁmmﬂrnmﬂﬂ?(]m
Doviding 196,000 try 131 gives the units-comversion factor of 17143, Therefore, the smple
equatson i

Puoyp HF = flow (GFW) x pressoe (FSI) 7 1714

That squation reprecents the power consamed by 3 pimp bovmg 100% eficeency. When the
equabon v modified 1o melude punp efBoescy, it baconmes:

Pump HP = {fow {GPM} x presoore [PEL} / (1714 % effecsency)

Common pear-type prnps typscaliy operate af betwean 75 and §0% eficency. 50 nuppose youe
all-alomizmm VE engme yequares 10 GPM at 30 pei. The ofl preup vall have been smed to
it some prefemed level of ol presse at wdle when the eoeine and ol are kot 50 il pemp
will b fie moose capacity than i3 pegnied i madatain the 10 PR st 50 pai ot operating spesd
(That's whae the “pelief™ vahee doss: bypassen the exeess flow capacity back o the ialst of the
pump. wineh 35 a0 added benefi, slsy dramatreally reduces the prospect covitations i e purg
mle B )

S0 suppaie your 75%-effcient pump is sanntaining 50 psi o operating speed, ind 18 providing
the 10 GFM peeded by the eopne. B is actually pomping ronghly 50 GFM [ 10 of which goes
WﬁrmmdhmMFumﬂr:ﬂnfnﬂt}dmpﬁ.mmm
dirrve that pressore pump stage isc

HP =(Sgpmx 50 pat ) /{ 1714 x 0.75 efficency )= 1 95HP

Suppose yoo stensmb o the bype and thioekr ovt some really big bocks for sm allegedly 900
efficient punys. That pump (o the saoee Ao and peescine) will connmme:

HP = Sgpm x 50 pat )/ 1704 2020 sffictency | = | 62 HP.

Trypacally, the tongee peak will ccowr ot n mbstastally lower pan than the power peak The
reasen is that, in peneral the torgoe cone does not deop off (Yvwise) as mpadly & the rpay is
increaing (Ye-wasel For m race enpine, i is often bemeficial (within the bovndary comditions of
the spplbicabion) to cpersie the enpne well bevond the power peak 8 onder fo produce the
maxizman average powes within a required rpm band.

However, for o engme which operates in a melatrvely namow rpma band, mock ms an stroraf
empine, if 5 generally 0 oesemest that the enpine prodoce mexcionem poewer ot the micciomsm
rpin. That requires the torgme peak so be fagly close to the maxianam rpm. For an narcraft engne.
you typecally design the tovque cve o peak &t pormal couase sefmp and stay far op 1o
ouinen fpen That posibomang of the togoe ouve would allow the enmee o produce
sigmifeantly more power if it ooald operate 8 & hogher rpen bt the geal iy to optonsre the
perfommance wathan fhie operatng range.

ao exanple of hat comoept 15 shown Bpare 3 below, The three dashed bnes represent Huee
different torgue cuives, each haveng exsctly the s shape and tongee valees, bt with the pealc
toepne values bocated at different rpm valner The sobid lmes show the power prodsoed by the
tompee curves of the same colod.
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COAPONES TS OF AN ENGINE

An engrre coaprises of 8 few bundied componensrs @ unall @nd big ERbonary Bl mesTng
martallic and nos-metallic, cavied apd forped and naade ¥y oihey processes. The componemts: of

0 eEne Can b FIonped Eer TVe CHMCEInES
L Seaticnary of Strncnare formeng componenis, and
2 Moveng o Meclsmaim formung conp ety

Ths afstasnary &onpeneni conitilvie the trasfinal pacs ol dhe S & wymiliarn e
the meschansm parts of an sopine. mportant componests m;d:ﬂ-rnl.l.mdtlelmr

NPl S TR AT S TR
Peston.
Pision. rabgs

Gudgesin (06 paston) pen Consecnng od
Lk

A dooble overtead cam (DOHCY operamed ischimed  overbesd walve  mechsniem
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Dedr sod palless

SrrmctErs] ST
Calamder ol

Cdaundey ool

Ciarder bine
Corambc e

Nlassifoliic. Inler acd Durlet Tl pas
Tess onarar

MEufThed {aledmes )

ibration danaper

Beaners

Fastenets

T i el N W

WALVE GFERATEG MECHARIEWES

The opsrwnon of & vahye (@ oponekg snd cho|apg) o scoomplishsd by o mechanison wlsch
imvelves wusmal AT dapEnding apon the oalve e mon the vaive apavaring mechmnae
Al iy = e ecaigensinis. Heoee, ihe valve operafnas sechesmisenms iaey be of e
Todloweng TVpes.

1. Valve mechmuiun for overbesd valve snpines

2 Wialvs awschsnaon for pide valvs snmrss

i Fmaan ey b demt® - pros lEmaerng ceerhesd canmiafe

Valve Nlechaasinn a0 Overliead Valve, Under head Casmnbaft Dagins: The saguss valvs

8 Fow am wvnrylipas] walce rpess ewgilas ey s smsley fueasl o awyeedios

armmprn. CECEFDCTR in= averhead uvelve  eclosoesse

Lrmbve Fars

Tl e

e T

i i
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Tdﬁ“rcﬁlﬂhnﬁr%"lhml.ﬁm:guﬂl“w&qﬂnpdmm

engines The diapeam is self explanatory, and seeds no flarfher explanabon.: The advantage and

1. Low engine beight s posable as there are no pants above the cylmder head
I, Lubricatron 1§ easeer for the valve mechanam.

3. Wonlang 1= queeter ot (heye is oo rocker am scosmbly.

4. Mechanism 15 bess complicafed than that mn overhead valve engmies.

5 Vohlmewric efficiency and coomgression falio aTe Poor.

§. Shape of the combustion chamber i complicated

7. Space for miet valve is restricted.

Hesasiance o0 moton

This is the resistance & vehick faces while aftemphbing fo move from a stall ceodibion or whale
accelorating, This resistance mmst be overcome by the power plant of the copire o order to
surnen moten, Whea the power produced &5 smalber than the resivtance to motion, the wehicle
will gadnally slow down. We pmst have expenenced the slowang down of uoyeles o we sicp
pedaling The bicycle also slows down if we go uphill or of wand blows fom fiont A poorly
inflated tre alwe caues the vehicle to groan more and slow down. These are the resstances that
fovce the veluche to slow down under their effect

Baoadly the resistances can be coiegorized inio the follcowing categonies:

= Apodymensc drag

= Gmdieni resssimece

= Rolimg resistawoe

= [Inevitn

All the sbove produce 3 restraining force working ageinst the tractive force. The wactive force
imnst be greater s of equal to the resistive fooces @ ooder o maininin & yosiaimble motion. We
i badance (hens 85

E=FH=F_1+F|;‘|'F]_"'F:

Mhere

Fiy= Farce dise 1o air resistanceg

Fy: = Forea dur ro gradient of a slops

Fy; = Force due fo rolling resisiance

F; = Force due to moving or stafic inevta

The last one Fyoomes info the pacture oaly when the vehicle accelerates or decelerates, while the
first three ahways offer 3 resisiance even when the velricle i3 moving at 4 conatant speed

Alr revhtance’ Aerodvnamie drag:

When a body travels within 4 denie piedim, the molecnles of the medimm collide with the
mvang chyject and therelry absoch some of the energy. This 1 &£t as & reasamoe 10 the moving
obyect. If the medmm 15 denser, then the remstance is more. Also when the obpect mones af a
fmstet specd, the resistance increases proporticnately. Mathematically if can be expressod as:
Fa=-t%=CaxPxV?

Where

= Co=gfficient of dizcharge

P = Preszure

V= Velocity of the vehicle

Cradient rezistance;
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TWhen the veldcle wavels vphill 2 component of 3 weight works i1 8 doedion opposie W oy
oo [T soune energy o4 not anppplied o overcome s badoward fovce. e ibe velnole would
olow down, stall and roll tackwards, I the velucle = rading upinll at 2 lope of 5. then the
weght of the vebacle, W has two components: e pepenidicular to the road surface (wathh a
valne W-Ces ) and the other aleng the oad surface (wnth o valpe WS 3) The compeseni
nlmﬁhrmdn&:tnﬂumdmmmHﬂhﬁﬂzm

The gradient resistance 13 grven by: Fg =W -Sm 8

Rolling redstance

Wheen a welncle rollu, i sulls wirly its ties in contac wih the poad sorface. The relafive motion of
two hard merinees produces o fetion. Father, oeithey the soad, oo e fres e perfectly oigad
}Imcl.hﬂhﬂ::mﬂuﬂ:llmd:h;mly Mﬁ:ﬂlhlp‘lﬁhﬂdﬁﬁmﬂmiﬂunﬂnﬂdhﬂuﬂq
the oad and the toe. prestest ol the bobem most point snd leas ot the entry and exii poinis_ the
ship of e e wit the road produces mother type of lom of ey which el @@ o0
pEsisines

Rallmg exstance 15 compoted of e follenssg compomenis

= Tae Rollog redstmnce” Foy

«  Hoad rolling reustanée: Fg ¢

= Hespcbamce due bo be shp anpgle By,

»  Fepstance doe fo beanng foction mnd readeal akng Fus

Hen'e (he roliing recistancs offered nwy e Wrisien as

Fp=Fur ~Fun *Fas " Fan

The e rolling resistince Fy pi= o 5ol of tee msistance doe to fenme aof the tre, g esistance
on the tre and fnctios of tare wath the rosd. Theae (hres can be sunmed vp and amben as
Ffor=Frige +*Frra+Fors

o n g bfled suanne the tomd rolliog resabnce cm be related o the vertical load oo e whieels

ancd can be WrLEnD 0%

Co-efficsent of rollng fricton, k= "veex

FACTORS THAT AFFECT THE ROLLING REAISTANCE OF AVERITLE

o Mimterial - differers fillere amd palymers m SRS COMPOENGN Sin iprove ractem whils redusiny
Invsteresd The replocenyent of some corbon black with higher-poiced sibra-glme = me common
IEmensiony - rolling reasescs i Tiaes §5 pelated = the Oex of sadeanlly and the conmcs e
eof the ure Fov cramsple, ot the same presize wadey bacvele tues have less flex in asdewally
Escherd ol sullabon - Lower jreane m ves penilly s more fexmp of odewalls and lughe rolling
r=zstance. This emmpy comereon o the sdewalls moesess mdace and o also lexd o
overteahng and mey have pleyed o pest m the mfimes Ford Explores oolEaves accsdents.

o Cher mfating tires {sch o bicyele tines) may not ower the overall rolling reistance a5 the tre nuy
tkio aned he over the road soface. Trachon 1 sacrificed and ovesall rollme frchion norw not be
reciaresd at B whesl rotanisnal speed duinpes and shippase vreace:

= casung will bemefit the foel scomimyy tuough many casng bves (Le retreadiag}, wlnle a tise with a
“funsd savene” mend deaym will ey Denefin unmd the mead weirs dome
I tives, tread tockmess bus meoch to do with colimy resistmce. The thicker the bead the highe the
rallaag revmilamce) Thais, the *fateal™ bovwle i bave vor Lithe tread and heavy digty il get the
et fis] aconongy ¢ (ke lire ead wears sl

«  Hard steed raibe s longer bex ales Beww lower stane fiction draction) than nobber tfimes They ey
adso nuller fifipoe cracking becmise the cracked ares is ot wom away by the pranne Taing

Senaller wheels, ol slse bemeg squd, baee lugher rellmg regishimee thun buper wheels. In some Ishorstory

iesis, moalle wheel appesred to bave sumlar o lower losses dhan barpe wheels, tut these iesis were dooe

rellmy the wieels spumat o sovall-dameter dnon. which woold thecssncally remene e advantage of

Lrpe-diamene wivees, ten makiog e ety (medea g Tesolving ths paue Vimuelly all woild gl

reconds bave beem wet on relatvely mamow wheels, probably becomse of er serodynmmic adianinge ot

high speed nduch ix rmch bess important st noomal geeds
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CLUTCH

Chuteh is a machine member used fo connect the dimving shaft to a doven shaft, so that the
driven shaft may be started or stopped at will, without stopping the driving shaft. A clotch thns
provides an intermuptible connection between two rotating shafts. Clutches allow a high inertia
load to be stated with a small power.

Chitches are used whenever the abulity to limit the transmission of power or motion needs to be
controlied either in amount or over time (eg electric screwdrivers limit how much torgque is
transmitted through use of a chitch; chutches control whether astomobiles transmit engine power
to the wheels).

In the simplest application cluiches are emploved in devices which have two rotating shafts. In
these devices one shaft is typically attached to a motor or other power unit (the doving member)
while the other szhaft (the ditven membet) provides output power for work to be dope. In
a drill for instance, one shaft is doven by a motor and the other drives a dnll chuck The clutch
connects the two shafts so that they may be locked together and spin at the same speed
{engaged), locked together but spinning at different speeds (slipping). or unlocked and spinning
at different speads (disengaged).

A popularly kmown application of clutch 15 in automotive vehicles where it 13 vsed to connect the
engmine and the gear box. Here the clutch enables to crank and start the engine disengaging the
transpussion Disengage the transnussion and change the gear to alter the torque on the wheels.
Chutches are also used extenzively in production machinery of all types.

A =

faaals whokr ddméoh

Single plate chach

*  When driven wan to chift the pesr or to dop the v=hicle. He depress chatch pedal 2o that the
Poghe gzilund Hur Porirand el puslsi e chslch beacing ol Sages

& Tha haper are prvcted s thar they piills e peecmice plate back s e chvch plate will
gt fon w0 the fvwles] radie bl (e closch plate will ot @ sobwe, Theh oo fhe dewrngaie

Position on chmch

Daagrhrdgng dyjie oTaadeli;

[ Ehas iy of clnich mytesd of helical sprmy diaphrapn e w wsed the reussmng part §
Muikg Tvpe clwal

Slnlo ploce clorch:
Dviapram of mmin plae clotch i shovn e pore.

—— Teyam g e

| rreer e

:!I;ii':] g Lo s
—  _m
it

Mindn pinte choach
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Im thas pype of chafch both the spring force the centmfopal force work 1o engage the cluich
When engine and velucle stop the cluich 15 m disengage on passion. When engme get start
and wpeed get mcreased the Byvweght moves away (expacd) and create a centnfugal force on
preszure plate as well as on chuch plate as speed tncreases the force also get mncreases and the
clutch get fully engage.

When dnver realest accelerator pedal the speed of enpme pot reduced 50 thar the centnifingal
force also get reduce and clutch pet disengage. This type of clusch doss not require chach
pdal

Thas type of clutch s used on mopeds, and scooten

Semi cenfrifugal clurch:
Senm centrifugal chutch 15 shown m figure.

Senn centrifugal chutck

I this tvpe of chutch both e spring force the centrifingal force work 10 engage the cluich
Clutch plate cne pressure plate 15 piven the cloich plate a5 hamang external sphice and enzapes
with chaich box. the pressure plate are having mieral saphogs and engage with engine pears.
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The cluch plate and presoure plare are hold together with the help of helical spring

Come chuneh:
The cone church 15 shown in figure.

Thus clusch is having wmoer cone (flywheel) and cwer surface of outer cone fictson matenal 1
Even to engage s two cone together hehcal spnng 15 @ven at the center of outer cone the
outer cone 15 kaving internal spines.

Whach are engage with clotch shaft? As the mner cone rotates, the ouler cone also pets rotate
whach motate the clutch shafl. In this type of clutch the fnctonal force 11 more than smgle
piate chaich but dew to dsenzage disc advantages this type of chatch is not use m tomobile
vehacle

Clutch speraning mechanicm:

Fellowzng tvpe & the operstuig meeclamim

Mechanically operated church: In thus rype mechanism hokages are conpected w such a way
that the force 1o operate the clutch gets increased.

Hydraubic aperated elutch: In thes type mechansm the bvdranbe ol &5 used to merease the
presiume to operate the clutck. In this mechanzsm master cylinder and slave cylinder are nied
to incrense the o presore.

Overdrive

By definithon, an overdnve has o faster output speed than mput speed. I's a speed increase — the
opposte of & reducton. [ dus wansoussaon. engagog the overdrve accomplishes two things at
emce. If vou read How Torque Converters Waork. you leamed about loclugp torque converters In

order to maprove eficsency. some can have o mechamem that locks up the torque coovener so
that the output of the cogine goes straight 1o the nsmisncn

NAME-SUBHASINI MUDULI
DESIGNATION-Guest Faculty
Mechanical Engineering Department




In thas transmmssion, when overdnve 15 engaged. a shaft that 15 attached 10 the housmg of the
torque comverter (which 15 bolted to the flywheel of the enpine) 15 connected by clutch to the
planet carmer. The small sun pear freewheels, and the larger sun gear 15 beld by the overdnve
band. Nothng 15 connected o the mebine; the caly iwput comes from the converter homsing. Let's
20 back to our chant agmn thes tmoe with the planet carner for wput. the sun gear fixed and the
ring gear for outpus

Eatio=1/(1+SK)=1/(1+3671)=0.67:1

So the output spins once for every two-therds of a rotation of the engme If the enpne i3 huming
at 2000 rotations per snute (RPM) the output speed 15 3000 RPM The allows cars to devve af
freewny speed while the enze speed stavs mce and slow

A device for transuuthme rotaton between shafls by means of the acceleration and deceleration o
fa thud such as sl Also kmown as hydeanibic coupling

Fluid coupling

A device for transouttng rotation between shafts by means of the accelemtion and decelemtion o
{ a hydraulic fwd. Structurnally, a flud

couphng conssts of an mpeller on the wput or dimang shaft and 3 nmner on the output or dnven
shaft. The two coutan the fud (see

tlustranon). Impeller and rnner are bladad rotors, the impeller acting a5 a pump and the mnones ¢
eactmg as a turbine. Basicallv, the impeller

accelerates the fhud fom near its axis. at winch the umgential component of absolute velocty 18
low. to near its periphery, at whach the
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Hydraulic torque converter

Freewheel

In mecharscal or sutomotrve engneenng. A freewheel or overrunning clutchs a device m
a transusson that duwengages the dnveshaft from the drrvea shait when the dnven shaft rotases
faster thag the doveshaft Anoverdnveis sometumes mestakenly called & freewheel but i
otherwise unrefated.

The coadition of a dnven shaft spinming faster than s dnveshaft exists m most bicyeles when
the nider holds hus or ber feet still 0o longer pushing the pedaks. In a frved-gear bicycle. without
a freewheel, the rear whee! woald drve the pedals aronnd

An analopons condihion exasts 10 an sutomobule with a maonal transmission gomg down hull or
any simation where the driver takes his or ber foot off the gas pedal, closmg the throtle; the
wheels want to drive the engne, possibly at 2 higher RFM. In a rwo-stoke engpne this can be a
catastrophue stuation: as many two streke engmes depend cn a fuel/otl muxrure for ibncatwn, a
shortage of fuel to the engme would resull 1 3 shortage of od in the cyhoders, and
the paston: would seze affer a very short time camsng extensve engne dmmage. Ssabused a
freewheel svstem wm thesr two-stroke models for this reason and mamtamed ot m the Sasb
9% V4 and early Saab %9 for better fiel efficiency.

GEARS
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Why do we need gears?

Lets think sbout cars. A car has a whole box full of gears—the gearbox—athne between the
crankshaft snd the dnveshaft But what do they actually do?

A car engine makes power in a fauly violent way by hamessing the energy locked in gasoline. I
works efficently ooly when the pistons in the cylinders are pumping up and down o high
speads—about 10-20 tmes a second. Even when the car 15 umply sdlmg by the roadsuide, the
pistons still need to push up and down roughly 1000 times a minute or the engine will cut out. In
other words, the engine has 3 munmmm speed at whach ot works best of sbout 1000 rpm. But that
creafes an immediate problem because if the enzine were connecied directly io the wheels, they'd
have a munmmum speed of 1000rpm a5 well—which coresponds to roughly 120km/h or 75mph
Put 1t ancther way, if you smitched on the 1gmbon m a car hike thus, your wheels would mstantly
furn at 73mph! Suppose you put your foot down vatl the rev counter reached 7000 rpm. Now the

wheels should be tarmne round about seven times faster and you'd be pomng at 840 km/'h or about
525 mph!

It soueds wildly excrtung, but thers's a wag. It takes a massive amouat of force to get a car
moving from a standstill and an engme that tnes o go af top speed, nght from the word go, won't
generate encugh force to do it That's why cars nesd gearbowes. To begin wath 2 car peeds a
buge amount of force and very Litfle speed fo get of moving, so the dnver nses a low gear In
effect, the gearbox is reducing the speed of the enmne greatly but increasing its force i the same
proportion to get the car moving. Once the car's going, the driver switches to a higher gear More
of the engine’s power switches to making speed—and the car goes faster.
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Transmmssion Mamal CGear Box

Ceear box

Tnereduetion: -

The mechamsm that faaiomrs somoe four 1o the rear wheel (1o case of rear whesl dove
valnels) or 1o the front wheel. (In front whes] derve vehuele) or o all the fowr wheel (in four
wheel drive vebacles) 18 known bu & MGG EVITHT

® Tt comprnises of the following man posis

=  Function of gear box:-

=  The gear box and its associated units perfonm the following function on

= A pear box assists o vamation of tomque (or tractakes ffort) produced by the comne m
= Alarge torque 15 recpaired at the start of the vehacle and a low torgque at higher speeda

= It belps mw smooth muomng of the velecle at different spesd wmce vanaton a torgue mduoes

Trpes of ranamisdon:
Several lands of wmesisoon e emploved on st vehicles. Thess can bed clasfed as
fallows.

1 AManaal transmissien.
1) Shding mesh gearbex.
1) Constant mech gearbox.
3% Svochromesh pearbox.

) Syvuchronwal: pear box whiitl over derve

I Seeni- Aubsimmaiic frandonisddan
LjElecizic confrolied Witlh & avid chive
2 Elecre conymeled wath over dirve.
3} Fhund = poooues dive

A Awitomadic dirive.
1) Hydnoanantc drnive
2} Torguee comowrtes daive

Shding mesh gear box
& Sldiieg el g bos dheok on e
r—--a—:‘_.-:._ 'u_ll l-r-
-"'hL | p—
= LN T f
—_— | | - |
=, { |"r [} mpees
L _f = I _II— - ;r.r
i 1

I
=t

Wiheen dmvoesr wand s o move the vehicks e sngages the 1Y dog o fhe with the belp of pear
whiffng levess &a the dog whles on sngape 5o e 1" gens 41 simns consss wirk 17 gesy sod tenes pe
potnte e mame shaft e 1% gear operstes.

PO Lol

Aw dlrivey pncrve Bl dgdes b dlocles M sevoond dog el i e iGiagie Wil secoid @esy ond s
shaft (owednnn gead) At e Sog engsger T0 The ecoisd gear of rommtes Wit wecord gear snd e
o rofate the mmn shadf wath bugh speed and bow sorgquee.

= Ard GeariTop gearj:-

To move the velviche fisr & gais he driver shift the second $og and ke enFages fo e diand o
TP % P A INPRATTE [ e the dow rotates with gear and leads o rotste the man
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= Consrant mesh grar boxo

¢ Constant mesh gear box 15 the modsfied gear box of skding meh zear box

¢ Inothds oype of gear Lox all the gears of puain shaft ave ervantly engaged with lag shaft geass.

o Do oo dhat the possibilany of brickang ieeth gets seduced as well as the nonse of pear box pet
richcule.

*  Constractien of gear box:-

¢ The vanous sizes of helical pears are mounied on main shaft with bearng: they are fee fo
rotate on muam dhadfl

¥ The dogy are provided on maan shaft m befween two gears soch that they can shide the two
wpines the remaimng construction 15 safe

¢ Same as shding mech pear box,

+  Working:-

= Constast mesh gear box showum wm figure

-

+  Neurral gear:-

When engine carm and de cluich get rotate. I rotates cleich gear and Loy shaft gear, all ibe gears
on main shaft alse get rotate because the no one dog is engage 1o the pear.

«  REeverse gear:-

Ay the driver wand's 10 move the velucle back be shafes the firt dog wwards digger gear which
15 epgapes 0 the dler gear As the dog engages s stadt rotate with the pear @ reverse of
opposite direction and tends 10 rotate the main shaft = revene direction.

Overdirive 16 8 deviee merpesed betwesn the trasmnsuon (Zear box) and propellr tkaft
pemmst the propeller shaft to tem faster than or-over dove the transmision maun shafk. It i3 5o
called becanse it provides a spesd it over thar of the high spesd rans. The ovendsive pemuns
ihe engioe to opoiwe coly abowt 70 peroent of the propeller shaft speed, when the wehiclke i
operaung in e high spesd ranges. The overdnve is swted 10 high powersd cars employing
thime-spesd gear boxes, snce 10 order 10 produce flexible top pear perfommance o 0w gear final
drove may be pecescary remltme in the snsme monsng faster as high speeds than s desined.
Creperally an overdnve 15 fned o the top pear oaly, but son0e sport cars bhave an over dnve on

Pl ™ v
x

Advantage. The synchromech fype of mansmssion hae the big advanmage of allowing
smoeth type and guick shifting of gears without danger of damaging the pears and
withowt pecessty for double cluiching The synchromesh gear box 15 consdered the most

nAtREsd st deptrriotpn o mosucar.
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BRAKING SYSTEM

Braling System
* Brakes are employed to stop or slow down the speed of velucle.
* When brake applied to wheel brakine force 13 created that foree oppose the speed of wheel or
rotation of force,
Eraldng requirement:
1} The vehicle must stop m smallest distance.
2} It omist act suddenly in emergency.
3) It omst have strong bralang foree.
4) It nmst netther slip nor kid the vehicle,
And less heat production.
5) It nmist operate on least effort
Types of brakes:
Breaks are divided into seven types as per there uses finctionality, locations ete.
1) On the basis of purpose saved.
a) Main brake.
b) Parking brake,
1) Omn the basis of locaton.
a) Wheel mounted.
b) Transnmssion mounted.
3} On the basis of drivers ergonomics.
a) Foot brake.
) Hand brake.
4) On the basis of actuadng.
a) Mechanical brake,
b) Hydranlic brake.
c} Air bralee.
I Electric brake.
5} Om the basis of construction.
a) Drum brake.
b) Disc brake.
&) On the basis of application of brake efforts.
A Mannal brake.
b) Power brake.
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£ Power psmated

T O thee basis af action of braks slhses.
A loternal sxpanding byaks

b} Exmemal comracung brake

Braks Dynm:

Coastructon of Braks Doroin:

=  The bake drm 15 mounted on axie bk and whole assembly = bold m wheel to brake shoes
e handed on the back plate by oenes of pen expandes 15 fmed o bepaeen choey

= The fncton madenal 13 pasted or taretia oo bralee shoet the expanded {camn) expandes

=  The brake shoe snd press on dmom. Due o Sncticn achion braice will ges applied

=  Eyake dremn is shownin figore

R LR

Folowing pars wied in break druomn
1} Brakce drmn

2 Back plaee

2 Burakos shios.

A Birakor bimang

51 Esppander

&) Blesde plug
Woorlcing of dise breal:
#  [IMse beadoe ds shown e figere.

= The disc beake are sppeases bncdraulicallbe when the i he iw b boe Ehe Baales flndd proasped
by e mmatey cylinder if Uaeas Thisit i praskes Che g and ped vinch oasle. Bicton wth
rosier dise s due 10 Bicticnal nction ke will got applied

Adexhamical brake:

=  Thas bealie ayalern o opealed by e iubdsecal Loles fe
=  Thas buals sywien applied Light vsbicls ftwo whesler and oo thres wheeler thay sywtom

fecpured saode ¥ orrs Frem dedver aad sppleed beas fooce by he Bealos sysledn o (B ey,
dewren 'l need on four wheeler or heavy velvicls

Hydranbic brakes system -«

Iumil:mlhthmuqmnd it thie bl of ml peessame oy tss syulean daaier oyhsides

-

s oclunal 1 arypeorta
mhﬁﬂ : Mm&mmmmummnﬁmmxmk
Do, 4% dr@alic Braalfpem :-

Mg:h%ﬂf-fﬁﬁmmuw i ahowm m figure.




Hyvdrmlic brake
#  The brake svetem 15 frted wath brale ool when drrver presies the brake pedal the muncter
cylinder creates ol pressure and sent i wheel cylinder,
* Piston in wheel cybuder get expands due 1o ol pressure and the brake shoes also get expand
and rub o brakee shoes
#  Also get expand and rub o beake dnam o that bealoe wall get apply.
Master cvlimder:
Masver cvlinder 1t 15 hanang followang part:
1) Cylnder body:
2) Piston.
5} Primary cop
4) Secondary cup
5) Check valve
&) Femm spnng.
7) Push rod
B} Dt cover
Working of master cvlinder:
* The diagram of master cylnder 1
shows 1o figure
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Posumatc or Axr Brake Svstem

Mogtly it 10 used heavy vehicle the compressor run by engine sucked pir from atmosphers and
the prston of compressor compress the nir and sopplied 1o air tank.

In berween compressor and tank water separater &5 used which remove the warer partial from
air the air tank stores the ar with pressure up to Skg/icm? the safety valve is used m the tank
to muanifold constant sy pressure.

The pipe 15 connected from tack to brake valve and from brale valve to brake pedal the brake
valve get open and pressure awr flows from tand to brake chamber as soon as the aw pressure
mter in brake chamber the disphbragm get deflect whach pushes the push rod for tamng the
caam & the camn get furned &t expand the trakes shoe and brake wall get apphed

When driver releass the brake pedal the brake valve pets closed snd air pressure cannot
supplied 1o the brake chamber so that brake will get not applied.

Brake lining:

The braice hnmg are laph fnchon matenal beings used rub agawm the rotating brake drums and o
have hugh standard of quality they are required to full 611 varoos requrement such as gven
bekows-

1) Mo water swells

23 Low heat swells

3) Low wear rate

4} The hagh coefficient of normal and hot fichon

53 High sunnge and physically properties

Brake bining material:

The brake linng are made of asbestos, rubber, metalhe particles. reun punerals and
coeificient of fcnon modifies among these the asbestos 15 most unportant there for baake.
Linmz are commmonly known as asbestos brake hongs.
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General amangement of an aur brake sywem.

When the foot pedal 15 pressed down, ar pressure acts on the duphaem of brake chamber. The
diaphragm 15 linked wth the brake shoe operating camshafi. The diaphragm 15 pushed ourward
m the brake chamber consing movement of brake shoe operatmeg eam The brake shoe expands
curwards and holds the moving brale drums as they come mito it contact, The brakes are thus
applied. As soon a5 the pressume 15 released fiom the brake pedal it comes back with the belp of
return sprmg. Thas resolis 10 closing of brale valve and release of presmure mude the brake
chamber. The brake shoe operating cam moves 1 the reverse direction a¢ 2 remult of pressure
release on the brake chamber The brake shae contracts imward with the help of retractine sprng

rebeasing -the brake drum of the unding effect. The brakes are fns released

W

Layont of an axr brake system for bos or tuck

Main pares of an air brake:

Followmng are the man party of an aw brake:

fi) dir comprazzor fij ) Unloadad valve
fili) Reservorr fiv) Brake valve

fvi Braka chamber. A} Quick reloaze valve
fvii} Relay vabve. vitl) Waning signal.
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Advantages and disadvantages of air braloes

Aur brakes ental the follovang advanioges.

1. Much mioge powerfl than the ordmary mechameal or hydrambic brakes (that 15 wihy these
Ade exchosrvely need 1o heavy vehicles ).

2. Simplified chassis desgn.

3. The compressed ar Brom reservo, apart from braking. can be used for nyre anflatnon,
Windscreen wipers, homs efc.

Disadvantages

1. Invelve relafivey saoee parts.

2. The air compressor uses a certain amount of the engine power.

Loads on the Frame:

The frame expenences loads of different gature dunng mobon of e vehicle These loads m
tm, produce stresses and strains of vanous binds. Generlly, the frame snstains the following
types of loads.

Flexural {or bending) load. It & produced in s vertical plane of the side members dos to

o dead weiphi of e velicle

v weght of the passengers

'H’Eﬂ_!'fm[l!

brakting fonque

Flexural load also develops in [ateral plane of the side members doe to

= poad camber

& comering foce

w side wrnd
The effect of flexxaal load is to case flexaal stresses winch can be enther femsle or compresane
in matire. The compressive stress is rezisted by placing thosst-iaking menibers between (he frame
and the back axle The tension 15 ressted by wning matenal of sufficiend strength

Torsional load {or twisting moment). It is caused due to vertical load when the vehicle comes
across a road bump, The twisting indoces a shear stress in the frame. The frame 15 denigned
strong enough to resisl formon by provading

o torgue-restsime members

o cross-memibers

= & radiee rod

> Benzo-franee type torqne members

Impact load I is cmaced doe te mmpact of wheels with read chatacles. It paay result 15 dectoation
of the frame or its collapse Bumspers and over-nders are used 1o sustam nupact loads, therelby
provading safety and longer life to the Same
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STEERING GEOMETRY AND FRONT AXLE

Steering System

Automobile 13 fragmentary wathout the steenng system as if gives the velucle a directional
stability, Steening enables the driver to easily maneuver the vehicle according fo the path It
deesn’'t mean that automotive, when developed, included steerng mechamism. 3o, how the
steering wheel which we see on today's car was iovented? The automotive freaks, dunng those
days, got the idea of steer the vehicle from boats which nsed tilters that helped them to furn left
of right. The idea was mplemented on aufomobiles foo, but didn't last longer as it required more
effort and the steering abihity was almost poor. The ultimate discovery of the steering wheel was
seen in fhe Pan hard model which was tested m the Paris-Rouven race. This innovation was then
seen 1 every car model that followed and as such the round steenng wheel became unportant
and compulsory element of the car.

The steermng system 15 however not as easy as 1f seems. where you stmply turn the steering wheel
that fnrms the road wheels. It is composed of complex mechanizms, lmkages, joints and gears that
acfually make the wheels to fum.

Let us have & sneak peek on how the steenng system actually works-We know that the basic
function of steering system 15 fo furn the wheels i the destred direction However, it s
inferesting to note that when the vehicle is tumed. the front wheels do not point i the same
direction: Let's see how...

&

For a proper steerng system. each of the wheels must follow different turming circle and when a
perpendicular 15 drawn from centre of each wheel: all the perpendiculars will meet at one single
potnt, which 15 kmown as mstantaneous cenire.
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But then._ the queshon shll goes unanswered, that how these wheels actually am?

Loolmg closely to the figure. we con see the complex mechanism of the steening system whach
makes the car wheels 1o twm The system works on four bar chan mechasm where four Links
are flexably connected with each other and mparting motion, to one of the bok. will canse other
leakss to move accordingly:

The steenne wheel 15 directly connected to the steenng gear, whose main fiancton 15 to convert
the mtary moton of the sieenng whee! 1nto oscillatery motion of the prtmam am. Ty moton 15
transferred to the e rod through the drag ine, whach moves the tie rod left or nght. depending
on the steenng wheel wput The e rod ends are comnected 1o the pivots that actually hum the
wheels.

The mechamsm of steenng repuunt samse 1o all the steenng systems, but the dafference can be

seen m the type of geanng srangement used in the stesnng gearbox. The rype of ssenng gear
mechamsm used m mtomobule power steenng 15 Lated below:

Worm and Sector steenng geas
Worm and Roller steermg gear

Cam and Lever steenng gear
Wonm and Nut steenng pear

Most common rypes inchede rack and pinon and re-curculatng ball (Worm and mut) type
amangement

L. Rack and Pindon Steering

The system consists of a pumon attached 1o the steenng shaft, which meshes with the flat rack on
the drag hme Pumon smparts left or nght motion to the mack which canses the te rods 10 move
the toad wheels consequently. This mechansm 15 usually adopted wnyversally m all the cars that
are available today with some major mmprovements.

Earhier, steermg system was robust, though of was quute difficult and heavy 1o use. The peed of
more flexible and smooth system was desired and a such some of the vital experiments i 1920
gave buth to the power steenng system. The entwe credit goes 1o Francss W. Davis whe was an
enginesr in aptomotive company. With his efforts, power steenng system began to be used
commercially i all the cary.
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2. Worm and Sector steering gear

In thas type of steenng mechamsm, worm 15 conmected at the end of steenog shaft and sector is
mousted on 3 sector shaft. The sector looks Idee a'ball and worm looks like 3 gear The teeth of
the wonn mesh with the teeth of the sector. To pronade free play. worm 15 mounted on a beanng.
It 15 alsc known as “Pitmas arm shaft™

3, Worm and Roller steering gear

Worm and roller is simular to the worm and sector type of sieenng mechanism A 1oothed roller
is mounted on a roller shaft and worm gear is mounted on a steering shaft. Gear tooth of worm
gear meshes with that of the roller and moton 13 tansmefted. The roller 15 momnted oo 2 ball
beang Ths mechamsm has low fncton compared to Worm and Sector mechamsm and i
widely nsed on Amencan passenger carm

4. Cam and Lever steering gear

Cam and lever 15 smmlar to the worm and sector gear mechanism. The worm & replaced with
cam and sector 15 replaced with a lever. Cam 1 engaged by a beanng and lever, cames two studs

that sre mounted oo bearmng. As the drrver fums the steering wheel, studs move up and down oo
the cam 5o lever and pitman arm shafi rofates

5. Worm and Nut steering gear

A out 15 meshed with the wonm and screws up and down relative to the movement of the worm.
This 13 also kmown a8 “re-curculating ball rype” mechanssm. Nt 15 used wath ball that reduces the
fiaction and power loss.

Without mcreasmg further unpatience, let us Jook the power steenng svitem mmplemented on a
normal rack and pruon stesrimng system.

Power steening refers to the use of hvdnube power m assishog the steenng motion. When
coupled with anv of the steenng syitem. the power steenng makes nse of pump winch forces the
fluid under pressure. o belp the steering pearbox. 1o overcome the fctic and easly nun the
gears and smpan movement 10 the road wheels. Power sieenne makes steenine wheel to tum
eatly and also a small effort. on steening wheel, wall grve sharp tormng of road wheels.

Power steening pot a new dimension with the use of electne motor and sensors that do not nse
enzipe power but run separately nung battery. The sensors are used to sense the torque and
moton 5 apphed to the steerme wheel Based on ths. the control unst. powers the motor fo asast
1n steening At thys junchue, it 15 also mportant to know the term steenng ratio whach belps 1o
determune the seenng shlity of particular steenng system. Steening rato 8 defined a5 the ratw
of mumber of degyees that the steermg wheel fumns 1o the oumber degrees of wheel nun.
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Steerms ratio for cam vary fom 121 @ 201 Eg Ifwe wanl to fim the wheels to 20 degree by
ce complste sevohstion of stecrmng wheel, the rato will be 36020 or 15:1

A highesr sieeing Ao fequEres mode nams of steenting wheel bt effort requared will be less.

POWER STEERING

mmgdlupmhmhﬂmmmwﬂﬂm
problem duee 10 the preater conmct asea betvesn the tae and prownd The dmer requises 8
greater fogoe 1o e exe ] Led om the steering wheel for steering the beany vehsche or bemily lomded
commmercial vehicle, especially when ibe veincle bas to take o shap turn. Power sleermp mades 0
eanm e hum sharp covners. Boaa fitdesd pot ondy o boavy comuacrcial vehickes sl sl o boavy
andl median weight cars. Il s venally mrmged 1o be opeative when the effad of the sleermz
whee] excesds a pre-determuned valoe. When thes effort s excloded, o sabe doects the wodomg
fhaid to the appropriste side of the power cybnder, and this ot in e cieered wheels being
tomed m the devised direction The working flnid is high quality lubricating odl having a
wEscosity rating eqelent te ASE bow fior normal conditions. The actmal amoent of assistmnoe
piven depends gpon the resistance offered to-movement of the mad wheels

There are wseally twe genenl bpes of poeors sieenng sysiems:
1 [Intepral power weermy, in whick s power opeysting ssmhly i part of the cieeriog
st
1 Linkage power slesrmg. moahich il power openong astenshily is part of the binkage

INTEGRAL POWER STEERING

The miegral power deening it decigaed to fecave poner sisisce ooly when the effen
al fhe steermg wheel fun excesds o poimds snd ie tp b Hve pon_ds 1t consiste of 2 vwomii-and.
ball-beanng mat steenng pear with & hydawils ok peton, concentne aath the worm shaf
winch can md in nuoveng the mat in sther dewectson by mean of npdeamlsc prescoe. A reachicn
cogtract valve 15 boked fo the worm sheft threst beanng throngh s Lok and acastor lever. Any
moment of the thoust beanng canses the control b o move which openy and Closes 'cil
passape between (he valve body md e hovsing oftl e gear and pindon assembly,

The working of the mtegral power siesring danng & aght nem is shown, When the vetsicle
16 poang sraight-ghesd. the otl flows fom the pamip, roseh the open cemter of the valves and
bk to revervour,

New Technelogies and Innevations in the Steering Svusem

Mapy new mnovabions 1o sieenng systen are avadeble today that gves best possibile diectional
stabibity o e can with extreme comfort levels. Some of fhe improvensents nclide; 4wheel
steenng which swids in deenng all the four wheely of the car. Thay helps n macewvermg the oo
ot kigh speeds. Some of the can today abo mcknde 8 sysem Enosn & speed sensitive sieermz,
whichuses a concept that dunng high speed sieertnr requuirements &re bess and as soch the powers
azsistance is reduced. It is mcremed dorimg low speedh ay inoce steeting effort & needed  Fufure
th‘ﬂtq:ﬂl:l:lﬂllﬂtm:! qdmnhun{,ﬁmem:lmhwmq:iﬂm idea of
siess-by-wire mechanism o winch the siesving will be achieved compleiely using electromics.
The mms am of the sysbem i b0 elmisate the complen system of hofnges and poosts grang
more pace for enzne ond wierior desimone avpects.
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Wheel Aligument
Whesl abgenent refers to the poutonms of the font wheels and steerng mechasem
that grves the velucle durectional stabibiry, progsotes ease of steermg md peciaces e wear
108 s
Awhesl 12 saud 1o have derechional stabaity or contrl of ot can:
- i straaght dowe a road,
- ember and leave 3 fum exaly, and
- fessst oad shocks.
The front wheel ahzrment depends upon the fallowng facton
Factoey pestaumung to steenng geometry
1. Camber 1. King pm mehination 3, Caster 4 Toe-m
Factors pertmamng to front whee! condion:
1. Balance of wheels 2. Inflation of tyres 3. Brake admstments

Camber:

Camber 15 the tltmg m or ot of the front wheels from the vertical when viewed from the
front of the vehicle. If the top of the wheel tilts owt, it has "posstive” camibes. If the vop of
the wheel nlts m_ it has "negative” camber. The amouat of ikt measured in degress from
the vertical 15 called "camber angle”. Any amount of camber, positive or negative fends
10 CANSE THAVERD OF MOrE 1T Weds o0 one Side (han on the ofber nde Camber thould not
exceed two degrees. The front wheels. are not vsually mounted parallef to each. ut are
firted corward shehtly ar the top and wward ar fhe botiom 1 have positrve camber. The
purpose of the camber 1 to prevent the top of the wheels from tlnng wward too mmch
because of excessrve loads o play 1 lengpes and wheel beannz. When the velace 11
leaded md rolling slong on the road the load will just brong the wheels to 8 vertical
pation The oppoisse 1 e m case of velucles having pegatrve chamber,
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King-pin inclination:
The lang-pen mclination (or steenag axle snchnation) is the angle between the vertical
line and ceutre of the kingpin o1 steering axle. when viewed from the foat of the vebicle
(Fig.) The king-pin inckination 16 sbsolutely necessary due to the followng reasons:
(1) It belps the car to have steennyg stabalsty
{1} Bt makes the cpemton of the steenng quite easy particularty when the velucle 15 statiogary.
{au) It helps i redwcing the wear cu the tyre.
Inchoded angle:
The combuned camber and keng-pan mchnshon s called the “mcluded angle”. The angle »
msportant because it determunes the pomt of miersection of the wheel and kg pin centre lmes
This in torn detennines whether the wheel will tend to toe-out or toe-m.
- If the poset of intersection 15 above the gromad. the wheel tends to toean
- If it 18 below the pround. the wheel tends 1o toe-onl
- If ot 1 nt the ground. the wheel keeps s strmght posttion without any tendency to toe-1n of toe-
out. In this pontion the steerng s called centre pomy sieermg

Caseer:

The angle between the kung-pun centre bine (or steenag axis) and the vertical i the plane of the
wheel 14 called Caster angle. If the Kmp-pm centre line meets the ground at a pomt abead of the
wvertical centre e, a5 15 shown m Fig 8.01 ot 1 called possirve caster whale of 1t 15 belund the
vertical, whee] centre From! hne 1t 15 called negative caster The caster angle m modem vehacles
mnge from 2° to §°.

The purpose of caster is to sive a railing effect to the frond wheels. When the wheel trlls the Lie
of werght, that 1, moves in the same directhon as the velncle. of 15 ey to steer 3 staight course.
Fig Caster angle (Positive),

The posstive caster in wheels results 1 2 nanaral tepdency m the wheels 1o toetn. The negatree
caster would have the opposite effect. 1.6, the wheels wall tend to tos-cut

- The poutive caster increases the effort requared 10 steer and mies 1o keep the wheels srmeht
abead, In the beatvy duly trucks negatrve caster s provided, thes malkes steenng easier
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When both the wheek have the same posative caster, both vall have equal tendencses to toe-in.
which will be balanced by each other because track rod is provided to maintun the distance
between the wheels ngdly. However, when the caster ai the rwo wheels is not equal, the
tendency to toean ot the wheel with larger caster wall be more whach wall canse the velucle to
pull constantly iowards the ade of the wheel wath lesser caster . Since the change of caster angle
results w the change of the other angles of the steenag gecmeny, e, camber, long.pm
inchnation and moe-in or foB-oat. of 1% very mportant that dus mgle = adyusied firsr of all. whale
doing the admstment job. Abonr 3° of caster mves pood results.

Differental assembly

Dufferential 15 the mechanism by means of which suter whesl rums faster than the wmnes
Wheel whule taloing a mm or moving over upheaval road. Differential is o part of the
ey axde honsing assembly, whach mcludes the differenrial. rear axbes, whesls and
beanaps The daffersnt] conusts of a system of pears mranged m such & way that
connects ‘the propeller shaft wuh the rear axles The purpose of the differennial 15 o
provide the relatrve movement to the twio rear whee lswhen the car is taling a tum. The
torque transautad to each wheel 15 however. aluwnys equal Dafferentials are used in rear
drrve mde of frontenmme. mar.wheel dnve vehiclss. Differsntiale are also wed in the
Trans axles oo Font-sogme, Font-wheel drve wheels, Also, four-whes] dnve velucles
have diferential at both the front and rear wheels In addition, some four-wheel-dmve
vehicles have 3 therd differential m the wansier case

Censtruction of differsntial

Fig Shows the vanous parts of a dafferential post. The bevel puncn i fixed to the
propeller shaft which rotates the crown wheel The crown.-wheel has another unst called
the differential vmt. It comsasts of mwo bevel gean (mn pears) and two bevel pumons
{planet pinions). The bevel gears are in contact with the half shafts of the mear axle. When
the crown wheel is rotating, it rotates the differential nait. The bevel (sun) gears of the
i Ferennial rotate the two half chafts.

Operation of differential:

When the car 15 on a straght road. the nog gear, differential case. differential pruon gears. and
two differential side gears all fom 38 2 voet. The two differental prnion pears do not rotate on
the pmson shaft This i3 becase they exert equal force on the two differeatial uClegears. Asa
result, the side pexrs turn af the same speed as the nog gear. which cavses both drve wheels 1o
o at the same speed also. However, when the car bempns to round a cunve, the diferaniial
pinion gemrs rokate on the pinfon shait. Thas pemuts the owter whee! fo nam faster than the mer
wiraal

Suppose cne wheel hums slower than the other as the car ronnds a curve As the differential

NAME-SUBHASINI MUDULI
DESIGNATION-Guest Faculty
Mechanical Engineering Department




case mintes, The pinion peas mms minte on their shaft Thiy ooowrs becanse the pomson pears
wat walk asound the alows-noming dfferental- wde pra. Theredore, the pmmon praey cmsy
sdchbicaal ok mctvon 16 the Exdtér Pumting cuiber wheel on the furmn. The achion an a typssal fums
15 showm en Frg The deffesemral speed i contidesed o, be 100 pescem. The rosting acticn of the
pon gears carnes 9 percem of fhos speed o the slowwerarotatng mper wheel Tt sends 110
peroent of the spesd i the fnder-rotatng cutey wheel Thas 15 bew the differential allows e
drrve wheel to hen faster than the other
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Whenever dise cor poes tound o fom, the onter drive. wheel wavels a gresier disiance thas the
ey drive wheel The two pensom geass rotaie on thesr chaft snd send moee rotary mohon 1o te
Chawer wheel The gear oatio o e S Pemial o ownally refened b s e axle ratio. Howeroe i
Whonld b micre accuedie b0 call an ke defeieasal sano.

Typet of differential:

FIXAL DREMNEA final dive o #hai part of 8 powss E R = the diite
shaft agwd the differential by fnctdon s 1o chenge the disechon of the power tmnsmsned by
the dnve shaft tough 90 degrees fo the doving axles. At the same tme. lparovides a
fixed reducton Derwesn e speed of the drive shafh and the axbe drviog e whesls The
seilprracon or PEar daten of fhe fooal desove 3 decermmwised by devvllong dee posasber of ey o
the reng gear by the miombsr of eefh on fhe pmoow pear, In passenger Velhcbes, fhay apesed
rechaction vanes from aboet 301 & 5:1. In snxcks of varees from abous 501 #0101 To caloulase rear
sy ratio, cousst e manber of beeth oo eachk gear Thes diveds (he oomber of pouon esih
e il apanbeer of g pead teeth. Fod exaangde. of the peiiesds pear hias 10 seth amd the ving geai
e 30 (30<Eveded Wy 10 the cew astle mabte would be 501 Massfecforess culall & ceer asiles
ratio thal provides & proanise | e perfocmance snd economyy. The sversds pailenier
cas raho a3 50: 1 The lngher axle matio

FROFELLER SHAF

A propella chaft ia alws kaows derve abafl T is comsecied bo the meiversal © otpling {DHC) o dis
s encly T s orporsles & skiding joonl m i constnactu The shiieg jonet had & male splios oo
propelley dhafl and a3 feomale sphne oo deerve The up and down movemenst of ress axle oy
sccoumaed Bod by e ueversal jobEts when the saoveng velcls expesienss rougls coad ool ons,
The up and down mothon oanoes & chasps in e lengis of propsller chaft wiech i adpaved by cha
il o This ol oh piovaded ol e @earbos end
The peepeller dsnl® sasimsss toriesn (PRAtng) duensg 195 operaticn 01 4, derefore. dude of
sl circalnr or bollksw conoalar (mobulery cross<section. A mbular section s commeonly need as i
B A NE ol Bl bl R ko seacy the rosoue. In Bas o be desgned o warbstend wibwancn

DESIGNATION-Guest Faculty
Mechanical Engineering Department




effect: aleo smce the phencmenen of wlurlmg miav be artizal at bugher speeds

There are other destens alvo 1n whath slp amanpement 15 different These designs sncorporate
L. A zobid shafi and a splmed shp yoke,

2. A robbes element berween the fwo shdmng mbes.

J o

Slndimy R
hollinstele chepew H!'ld:.?:lh

Meenally splied bush
Sphacd ship yoke

Sobid section propeller shaft
Details of propeller shafts baving

fa;a sokd section and a splmed ship yolie, and (b a rubber element between 2 shiding shaft and a
mebe

ANIE

Anaxle s & central shaft for arotating wheel or gear. On wheeled velucles, the axle may be
fixed 1o the wheels. rotsting with them or fixed to the velucle. with the wheels rotating sround
the axle. In the former case, beanngs or bushangs are provided at the mcunting pomts where the
axle 15 supporied. In the Iatter case, a beaning or bushing sty inside a cepiral hole m the wheel 10




Canfim myemw

Loading of different axle.hub arrangements

A, Semi-floating axle bub.

B. Three-guarter floating axle hub.

C. Fully floating axle hub.

Axle shafis are divided mito senu-flcating, theee-quarter floatng and fully floating depending u
the stresses to which the shaft 1 subected. Axle half-chafts are sstuated on each ade of the final
drive and contey motion 1o the road-wheels. There are basscally three different arranpements of
supportmg axle wheel bubs on the rear-axle canng. These inchude

(1) Senu-floanng axle b (ocommmnonly vsed on cars)

() Three quarter floanng axle hob (rarely used today).

{im) Fully floateag axle hub (commonly nsed on heavy velucles)

Figure demonstrates bow loads are resisted with different axle-bub arrangements. A tough. hard
matenial is wsed for the ade shaft fo wrthstand the vancus strassss, resst splne wear and provide
ood resistance 1o fatgue. Medivn carbon alloy steel conmmng mckel, chiomivan and
molvhdennm 1 genenlly used 10 manmiacture axle shafis.

Semi-floating Axle Hub.

The road-wheel 1 attached to the axle hub, whach 1 an extension of the axle hali-shaft A smgle
bearing inside the fubular axle-casing supports the cuter end of the shaft The inuer end of the
shaft 15 splmed and supported by the fmal-dove nmt, which iself 15 mounted oo beanngs within
the axle casiag (Fag 26.521A) The senu-floating axle along with ity overhanmng kub is subyected
to the drving torgue as well as to both vertical and honzontal leads. The vertscal load produces a




sheanng force. and the destance between the whee] and the suspension-sprung seat oo the axle
causes & bendinz moment the reaction of which 15 shased between the axle besnsg and the final.
driveumt bearings. The borizonsal load due to tltag of the vehicle, commening cenmfiigal force,
of sade wind grves rise o both sade-thrust and & beading moment Thus benduny moment nuy add
to the vertical bending moment or may oppose 1t, depending on the direction of applicanon of the
side-force A semu floating axle, sustable for small and medinm szed can. & iHhustrated m Fie
26.53. The axbe balf shaft and flanged bub are forped from 2 sangle pece of macke] chrome steel
The tueb end of the haft t= provided with  larger diameter than the sect of s length which
reststy the vertical and honzontal Joads. The outer face of the flanged bub is shouldered so that it
centrabkizes accurately the brake dromy. The Saege 15 provaded vath evenly spaced holes aroand ot
fior wheel stads

A pre-greaced and sesled deep rooved ball-race beanng 15 pressed over and alocg the shaft vp
to sts shoulder. The beaneg 15 sandwiched on one nde by the axle-conmg md on the other by the
brake back-plate and the retaneng plate by four nuts and bolts. To prevent excess orl keakage o
the end of the mxe-caung, aradal-lip orlseal s precsed mto & recess n the canng Oul level of
the final-drve 15 considerably lower than the axle shaft However, the large amount of sphish
oy canse the lubncant to spread along the shadt and eater the brake drom. Ax oul retamer 15
fitted ot the buob end and the bp of the seal 15 positioned towands the final dnve in the sealng
amangement A sens-floatmg axcle shown in Fig. 26,34 uses a taper-moller beanng, which is
sutable for larger and hugher-performance cars becamse of sty greater load-camyng capacity. A
separate bub 12 wedged oa 10 a kived and tapered half-shaft and » castellated ot bolds 1t 1¢
positon. The taper-goller-bearing inner cone fits with a light force tnsade the mouth of the casing
The exact position of the bearmg 10 the casang 1 provided by shuos packed between the cassg
flange and the brake back-plate. [ncreasng the thickness of the shums on one nde and decreasng
it o the odher shatts both kalf-chafis further to one side relative 1o the axle cavng. On either
road-whee] the ourward thrust 5 absorbed by the adjacent bub beanng whnle mward thrust 15
transonfted 1o the opposute beanng through the axle half-shafis and & sdoned axle-shaft spaces
(ot show). Therefore, each hub bearig takes thrust 10 cae direction oaly.




Front Axle and Steering Svitem

Froot axle cames the weight of the front part of the sutomolbule as well as facilitstes steenng and
sbeorbs chocks due 1o road surface vanations. The fromr axles are peserally dead mxles. but are
bove oxcles m wmall cars of compact designs and also in case of four-nheel dove The seering
svtem cooverts e oty mouon of the diver's veenny wheel o the angular tumsing of te
Froat wheels as well as to meliiply the dover’s effort wath leverage or mechamcal advaniage for
temeng the wheel:. The steenng ostem. m addshon to dwectng the vekncle m a partcular
durectica omst be smanged peometrically i mch o way o that the wheels underpo troe mollme
motion without slipping or scaffing Moreover, the steening mmst be light and stable with a
certan degree of self-admsting abubity. Steenng sytens may also be povwer aussed. The chagier
desowses the Broad axbe comstruction amd it alipnment, and seenng peomety and deenag
EVstent

Fromi Axle

The front mcle (Fig 27.1) &5 dessged to trassomt the weighe of the antomobede from the sprngs
to the front wheels, sarmng right or left 2 mqured. To prevent merference dne 1o front engsme
lascahon. and for providing preater stabulity and safety at high speeds by lowenag the cestre of
oty of the road vebucles, the entire centre portion of the mue 1 dropped. Al abown = Fig
271, fivar ede mobades the ade-beame siub-axies with brake assembbes, o aclerod and sub-
yleam Froet axles can be live mdes and dend axles. A ve front axle comming the differensial
mechaivn through wheeh the enpoe power fows towards the fonl wheels. For sieencg the
froat wheels, constant velooiy jost are coatamed m the axie half shafts. Withoot affectng the
power flow fhyough the half shaflc thess yomts help m haming the stab axles aroumd the bmg-
pon The from axbes are pemenadly dead melss which dost not trapemit power The front wheel
Tushe rotate ou antifncton beanagy of tapered-roller bvpe oo the steenng sprodles, which wre an
integral part of swenng kckles. To penmst the wheels to be fumed by the steenng pear. the
sseenng spindle and steeneg Lomckle asemblies are hmped on the end of axie The pan that
forms the prvot of fus binge i3 kmovwn as king pin or teering lomcide pin. Generally dead fromt
mxles are thyee rypes. In the Ellot rype front axles the vobe for lang spendle 15 located on the ends
of Thesm The aule ends are forked 1o hold the seenng banckle extenion betwesn them The




reverse Elliot front axles have lenged spindle yoke on spindle itself mstead of cn theaxle. The
forked portion 15 integral wath the steenng kouckle. Thas rpe 1 conmonly nsed as ths facilitates
the mounting of brake backing plate on the forged legy of the steenng komckle In the Lamoine
type front axle. instead of a yoke type hinge, an L-shaped spindle 15 nsed which &5 attached %o the
end of the axle by means of a prvot. It s novmally used m tracton.,

Fig. Frontaxle,

The axle beam m nse 15 of | or H-secton and 15 manufactured from alloy forged steel for npdiny
and strength. As compared to dead froor axles. a totally different type of swiveling mechamsm 15
mead on the love front axle To connect the wheel bub axles with drving axle shafic. constant
velocaty jowmis are used {or the velucles fitted wath the front bve axles. Tracta. Rzeppa (o1 heppa)
on Bendrx constant velocty or unversal jounts are normally used Front axles are subjected 1o
both bending and shear stresses. In the static condition. the axle may be conuidered a2 a beam
supported vertically upward at the ends 1e. af the centre of the wheels and loaded vertically
downward at the centers of the spnng pads. The vertical bending moment thus caused 15 zero at
the pomt of support and nses hmearly to a maxiomm at the pont of loadmg and then remams
constant

Thns the maximuom bending moment = W1, Nmwhere, W = The load on one wheel NI = The
chstance between the centre of wheel and the spnng pad mUnder dvnamne condicns, the
vertical bending moment 15 mereased due to road roughness. But ats estmate 45 defficolt and
hence 15 geserally accounted for through a factor of safety. The front axle also expenences a
borzontal bending moment because of reastance 10 moton and s 15 of a nanwe sumlar 1w the
vertical one but of very small magritude and bence can be seglected except 1n those ssfoatons
whea 1t 15 comparatively large.

The ressstance to moton also causes a torque in the case of drop type front axie as shown mn Fig.
27.2 Thus the portions projected after the sprng pads are subyected to combned bending and
Torsion




SUSPENSION SYSTEM

Introduction

The modem automobile has come along way since the days when “just being self propelled” was
enough to satisfy the car owner. Improvement i suspension mereased strength & durability of
components. and advances in fire design and construction has made large contributions to tiding
comfort and dnving safety,

Basically, suspension refers to the use of front and rear springs to suspend a velucles frame,
body, engine & power frain above the wheels. These relatively heavy assemblies constitute what
15 known as “Sprung” weight. “Unsprung™ weight. on the other hand. includes wheels and tire,
break assemblies and other structural members not supported by the springs.

The springs used in today’s cars and trucks are engineered m a wide vanety of types, shapes,
sizes, rates and capacities. Types mclude leaf springs, col spnngs, awr springs and torsion bars.
These are used mn sets of four per velucle, or they are pawred off m various combmations and are
attached to the velucle by a immber of different movnting techniques.

Front suspension types

there are two types of front suspension in general use: the independent system & the solid axle
system. Independent suspensions usnally operate through beavy-duty coil springs or torsion bars
and direct, double acting shock absorbers. In sohid axle construction, the axle beam and wheel
assemblies are connected to the car by leaf springs and direct or in-direct shock absorber.

With the solid axle setup, the steening kmuckle and wheel spindle assemblies are

Connected to the axle beam by bronze-bushed kingpins, or spindle bolts, which provide pivot
potnts for each front wheel. Modern independent front wheel suspension systems use ball joints.
ot sphenical jomts, accomplish the purpose. In operation. the swiveling action of the ball joints
allows the wheel and spindle assemblies to be tumed left and nght and to move up & down with
changed in road service.




Front leaf. or late, sprmgs are used m comunchon with sobd axle beams m most truck
applications. Rear leaf spangs are nsed on trocks and some passenger cars. Sungle leaf or mulh-
leaf spnngs are usually mounted longitudinally over the front axle beam or nnder the rear axle
housmg

The sprins center bolt fastens the leaves together, and ity head locates the speweg m the front axle
beam or saddle oa the rear axle honsing. U-botts clamp the spong fSrmiy in place and keep it
from shifhng Eyvebolts, beackets and shackles attach it to the frame ot eachend

In muany cases, leaf spangs are used at the rear of the velucle w combunation with anothes type of
sprng m froat. Chrysler, for example nses leaf spnngs 3t the rear, forsion bars m front.

For many years, Ford nsed leaf springs af rear, cod springs in froet. Now, fll-saze cars have coul
sprng suspenswon. front and rear. Ford's small cars have cod sprmes in front; leaf springs at rear.
Banick: still wses codl spring o all around. In some foretpn cars, tomion bars are nsed froot and

rear; in others, leaf spnngs are mounted crosswise for use with independently suspended wheels.

Rear leaf spnng m U5 velucles geperally are placed parallel fo the frame fo sbsorb the forque of
the drrving wheels the frent half of each leaf spring acts like a radins rod or control anm to
transont the dnving force from the rear wheels to the frame With this suspension setup, the leaf’
spnngs also serve as stabalizer sade sway of the chasas.

Coil springs

Many wdependeat froat suspensscn syitems moorporte compresmion-type ool springs mounted
between the lower control anms and spring housing i the frame Others have the coil sprngs
mounted above the upper control anms, compressed between a prvoting sprng seat bolted to the
control arm 20d a spang tower fonned i the front-end sheet metal.

Generally. the upper control anm prvots on a boshing and shaft assembly, which 15 balted to the
frame The lower amm pivots on a bushing and shaft assembly or on a bolt crow frame member.
When the lower control am 15 oot the A-frame type. s supported by stnst, which muns
dingonally from the lower control arm to a bracket atiached to the frame. O some models, fhus
strul serves a5 a support; on others, if provides a means of adyusting caster.

Stabtlzers or sway bars are nsed m conpuaction with front sespension on gy cars to dampen
rod shocks and munimize road sway. These bars are bracketad to the frame front croes member
and extend from coe lower control amm to the other




Actoally the 5T A (short.long ammes) system of front suspensson hac been adopted almost
uversally for passenger cary, The proportional lengths of the upper and lower control amis (and
their engineersd placement) areé designed 10 keep the nse and fall of each front wheel in a
verscal plane. With thes ammangement, changes mn wheel angularnty, weght balance and twe-
scuffing tendencies are peghmbile when compared with solad axle suspension

Another coil spnng setup that 15 primae appheaton in small cars 15 Macpherson strut
suspension. It combines cod spnag. shock absorber and strot io a single assembly

When cotl spnngs are used 1in both front and rear suspension. three or fiour control anmns are
placed berween the rear housing axle and the frame 1o carry dnving and bralang torque. The
lower control anms pivot m the fame members and sometumes support the rear coil sprng to
provide for up & down movement of the axle & wheel assembly.

In addition. a vway bar (track bar) 15 wually attached from the upper comirol amm (o the frame
sade raal fo bold the rear axle housing m proper ahgnment with the frame and to prevent side
swvay of the body, However, of the rear coil springs are monated berween the frame and the
swinging half axle. the independently suspended resr wheels have a sturdy axle bouumng attached
o the deferennal bovsng which. in nens. i3 bolied 10 the Same.

Torsion bars

Although torsion bars were and are used extensvely on European cars. this type of suupension
system received oaly tolen attention from the US. musmfiscturers watil Chryvsler developed their
E}ﬂmmlheeut} 1950s. Before that only a few buses, trailers and race cars were squipped wath

toron ar SULSPENSI0N.

Bamncally, tormion bar suspenmon 15 0 method of vhlizng the Sexutality of a steel bar or tube
twisting lengthwise to provede spring action. Instead of the flexing action of a leaf spring the
formon bar fwasts fo exert oresastance aganst wp and  down | movement

For expmple. an mdependently suipended from svstem wath toruwon bars mounted lengthwase
would have one end of the bars anchored to the car frame and the other end attached to the lower
control anms. With each pise and fall of 2 front wheel, the coptrol amm pivols up and down,
taustmg the torston bar along its length to absorb road chock and coshion the nde

Chrvsler cars are equzpped with left and nghts. non-interchangeable. front tortion bars wath hex-
thaped ends. In position the bars extend fom bhex-shaped rear anchors o the Game crows
member to hex-shaped holes mn the front lower control amm. adjusting bolts are provided at the
fromt mOUniing 10 incredse of decrease torsion bar twist and theveby cooirol froor sospension
height, Croer the vears, Chrysler has made many improvements i the system, mchudng
Iengthemng the formon o lower the sprmg rate; adding a removable rear anchor cross member
that rubber-1solated from the fame: deviung a plastic plag and a balloon seal for the rear anchor
Olds mobile Tomado and Cadallac Eldorado front wheel dnve cars also nse lengthwise monmsed




fomson to cupport the fool and b0 provide for  haph adjstment

Torson bars can also be vsed laterally to provade spung action for froat and'or rear wheel
ndependent mupennon tyvem. Older Vollswagen cars offer 1 umqpe forsca bar smangement
with all fovr wheels dependently suspended. but with rwo different toraoa bar semup m use. At
the froet, two lanunated square torsaon bars ben separate axle tubes are anchored at the center to
counteract rwstng and Iateral movement. Each hay a lever or torwcn arm attached to 1ty outer
end. Ball jomts connect the torsion amms 10 the steenng kouckle. The wheel spundle rads betund
the axle mnd tends fo swimg m an arc when moved up and down by mad mregulantes

At the rear, Vollswagen uhlzed coe shat. round torswon bar on each side. These bars are
spleadsd ar each both ends and anchored m the center of the frame crots member The outer ends
of the torswon bars carry the sprmg plates to which the wheels are attached. Here, toc, the wheebh
follow behund the torsion bar on “trathng e

Alr suspension

Axr seipension system are detigmad 1o cushicn the nde and keep the car, bus or truck leve] fore
and aft and at a constant beirht regardless of load. Ay suspension was miroduced oo many
haxury cars m the lae 1950, but ot was dropped after oo or two mode] vears. Recently,
however, new leveling systems have been researched and developed for passenger car use,

A typacal aur suspension sysiem conssts of an enpwe-doven aur compressor, supply taok filter or
condenter, valves, prping. controls and air springs or bellows. 1n operation, the iy compressor
maintaing 3 constant pressure & the supply tank Aus 1 paped to the control valves, which faed air
to each spong & needed. Pressure 13 ancmatically ncreased on enber sde or at froat or rexr &
required 1o keep the car level and 10 keep any desumd height from the road (Wit Lonit of
gystem)

Automatic level comtrol

Air springs are not wed m Cadillac’s sntomatic level control system. Rather, the rear shock
absorber extends or compresses to bang the rear of the car to the same level as the froor Thus
automatic syitem vhloes on s compressor, meservow tank assembly. pressure requlator, hoses,
flexible  mrhnes,  beight comtol valve and  special  thock  absorbers

Older Ford cars used one of two levelng systems that uhlize aar bags 1w conyunction wath rear
codl spungs. The antomanc system consists of ar reservosr and pump, levelng valve, agr bags,
avion tubing & metal fittngs and connectors. The mamual system has stular aar bags connected




to lnes leadsng to the tunk of the car where ag ar valte conmection permuts levelmg by
application of mr under pressure from an outnde compretsed awr  soumce

Late model Ford can camry an option for & rear suspension astomatic load-levelmg system that
finctions oaly after a load (approxmately 400 The ) 15 added to the velnele When the load lowers
the vehucle o a specific bevel ax ddeeve rewr shock sbeorber miflstes and exiend, rasmg e
vehacle to design hesght. When the load 15 removed, the r sleeve shock sbsorbers deflare and
lower the vehucle to design hesght

Ford's rear suspensaon aswomatc badJevebng system mcludes 8 compressor and aar bleed
valve, presaure reservow tank hesght coatrol valve and Lok theee flexable mylon au bines and 3
ribber T w1 ) hise

The compressor maintamme 6 or 125 pu 0 the system The air bleed valve peruts air 1o bleed

for testing and serviang or for bookong up a tader, The pressure tank stores lugh - pressure ar.
The heght conol whe and bok munten vehicle deugm beght ot e

The lever on the beight contyol valves 15 aftached to the rear suspensicn upper am by means of
the bk The control valves sense: nding height and ssther adewits or exhansts height pressure ne
to or from the sy sleeve shock absorber. A tume delay mechansum in the height control valve
prevents the tansier of ar when the lever 5 moving durmg nommal nde mobons

CASFILLED SHOCK ABSORBERS

Gas-filled thocks absorbers are the sew concept 1n nding stabshiry and donving pleasure. These
are antomatically admsting, doable-acticn shock absarbers.

The basic secret m 10 construction &5 the combemation of highly pressurized N2 and an all-
weather find whoch belps nuninsze bounce and sway to debver more comfortable ndes. Less
bounce and sway umproves sieenng and comenny In addihon. top read contact means less wear
ou parts and tyres. These fatwres magufy m unpostance for velncles with radial fyves or those
dmven extensrvely, for sports car and performunce buffi. This 1 truly a remarkable thock
absorber that fits most velncles

Construction Features Mazm constructional features ae as followe
1. Breakage 15 redoced by seamless eve fng moustings.
2. Chl leakape 15 reduced by self-sealing packaeg




3. Rabber cuslnon protects shock inude on sxtrems extennon shiokes.

A.Eh'dﬂn'audpﬂmmdm Wiade', iR fEHen

4. Constant perfomuance fiven wear resiiant piston nog
6. Large dounster senmless steel oyl lder reust spletg,

7. Smple twbe deapn reduces heat Teaild-op.

£ Boik fbe estension and congresaen valves are located m peston for queck: respomse io e
forces = eiflver dereciion

INDEPEMDENT SUSFEMSION SYSTEM

Azsther enrly form of fenl mdependen! suspension  called te trailing lnk suspenion Thos
e desiimn Gies o se of ann locaied aliead of e wheels 1o suppost e tmispoimg
&nﬂmpmummpmpqdmpnﬁ:ﬁm.mlumﬂzmﬁ;hthﬂlﬁud
velocles uﬂnﬂﬁnhwmﬂhhmiﬂdﬂmﬂy I!ELFH:EIIE
traaling lnk vepenion sttengted fo excel i e wess of impeovensent. Teniling lnk sysoensy
lilee ihe ooe @ the Grou of ihe old becile were 0 muccesy fioan e menodacneer simdpomnd as
ihey dd mnprove tide md reduce the packaging size of the seapenmon However, there were

Going in chronodogical coder. the first mass prodnced froat sespension desipn wan the solid
benmm axle. Just o ot soumds, in the beam axdle s both of the front wheels are comected fo
each cther by & solid axle  This sivle was camed over fo the firet amtemobiles from the oose
iraan cameapes of the past and worked well enonph s that miftially oo sther suspension even
peeded o be comudered. [ fact the beam axle can shll be fomnd foday. MNew developoenis i
eprtags, roll bars, pnd shocks have kept thee solid wxle practical for some applicatom. Have sou
ever fakces 3 kookr af the foot end of & senn or Beavy duty mxk? I vou beve, you woubd we
fotsoed tat botk of the front wheels are comnect by & sobd axle We'll make & quick bt of the
sihantiges versus the disadvantepes fi the beans axle fronf suspenvon o help wderstand why
i cat be wed on beavy tricke but i far frean desirable oo o pacformprce o nidsenger ©.




After despoers had come to realize the severs dwbacks of the sobd axle fronf suspenuon
they moved on to early aftempts at an independent style of front suspension. One of these
aftempts came 10 be known a5 2 swing axle suspension. It 15, a¢ the name suggests, sef up s
that the axles prvot about a locabon somewhere near the center of the car and allow the wheels
to travel up and down through thew respective arcs. This system was eventually adapted for
rear suspensions a5 can be fovnd on the old beetles. 'l use a sumple chart o belp 1dennfy the
advantages the swing axle has over the solid axle and highlight some of the shortconungs of the
sspension design a5 well

iy 1ol Raw il
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In the 70's the MacPherson front suspension assembly became 2 very popular destgn oq front
wheel dryve cars. This strut based system, where the sprng shock darectly connects the sieenng
lockle to the chassss and acts as 2 bok m the suspensicn offers 2 sumple and compact




suspension package. Thus 15 perfect for small front wheel dnve cars where space 18 tight and
even allows room for the dave shaft 10 pass through the knockle. Today most small cars will
use thus type of suspension because 1t 15 cheap, has good nde qualimes, and has the compact
dumensions necessary for front wheel drve cars. As wath the trashng bok stvie mdependent
suspension, whale the MacPheron assemibly works very well for production road goiag cars, cn
performance cars if 15 less than ideal  The chant below diustrates ths pomt.

The gext evoluton m suspenson design was fo meve towards the equal length A-
arm setup. Thus 15 commonly referred to 25 a “double wishbone™ suspension as the A shaped
contro] arms resemble a wishbone, In fhus dessgm the mspension 15 supported by a mangulated
A-arm at the top and bottom of the kmuckle. The earhiest designs of the A-anm suspension
mcinded equal length upper and lower ams movated parallel to the zround This dessen bas
many advantages over any of the previous mdependent front suspensicns. The chant below
caver: these and datark: the shorteommngs of the first ganeration of double 4-amm destone

After desigmng mplemertny and expenmenting with the equal leogth double A-amm
suspension it was vary apparent that all that was geeded to make the double A-amm front
suspension satsfactory for hagh performance nse was to determune 3 way for the suspensson 1o
gain negative camber as it was compressed. (Le. dunng chassis roll) The problem was sclved
by implementing upper and lower A-arms of different length The reculting unequal length
double A-arm suspension was borm.




ELECTRICAL SYSTE

A starter is an electric motor, pnenmatic motor, hydraulic motor, or other device for rofating
an infernal-combustion engine so as to initiate the engine's operation under its own power.

Engines are feedback systems which once started. rely on the motion from each nth cycle to
initiate the next cycle. In a four-stroke engine. the third stroke releases energy from the fuel.
powenng the fourth (exhanst) stroke and also the first two (intake. compression) strokes of the
next cycle, as well as powering the engine's external load. To get this feedback started. the first
two strokes must be powered in some other way. The starter motor is used for this purpose, and
then is not needed once the feedback system is mnming:

The electric starter motor or starting motor is the most common type used on gasoline engines
and small Diesel engines. The modern statter motor iz eiﬂmrapetmaneﬁ-magpetmaseﬁes-
parallel wound direct cusrent electnic motor with a starter solenoid (zimilar fo a relay) mounted
on it When current from the starting battery is applied to the solenoid, nspally through akey-
operated switch, the solencid engapes a lever that pushes out the drive pinion on the starter
driveshaft and meshes the prmon with the starter ing gear on the flywheel of the engine.

The sclencid also closes high-current contacts for the starter moter, whech begins to . Once
the engine starts. the kev-operated switch is opened; a spring in the solencid assembly pulls the
pinion gear away from the ning gear, and the starter moter stops. The starfer's pinion 13 chatched
to its drive shaft through an overrunming sprag clutch which perauts the pinion to transmit drive
in only one direction. In this manner, drve 15 transmatted through the pinton to the flywheel ring
gear. but if the pinion remains engaged (as for example becanse the operator fails to release the
key as socn as the engine starts: or if there is'a short and the solencid remams engaged). the
pinicn will spin independently of its drive shaft This prevents the engine driving the starter, for
such back drive would cause the starter to spin so fast as to fly apart. However, this sprag clhetch
arrangement wonld preclude the use of the starfer as a generator if emploved m hvbrd scheme
mentioned above, wnless modifications were made Also, a standard starter motor i3 only
desipped for mntermittent nse which would preclude its use as a generator; the electrical
components are designed only to operate’ for typically under 30 seconds before overheating (by
too-slow dissipation of heat from chmic losses), to save weight and cost. This is the same reason
why most automolbile owner's manuals mstruct the operator to panse for at least ten seconds after
each ten or fifleen seconds of canking the engine, when tryng to start an engine that does not
start inumediately.

Cha expersosents. hatve Sonaidemtly abonm hat bimemade FAL alsrmataors are the giaoil pevwerfizl
and cou-effective solotion for Wmnldmg 8 ewnd peoewator. Their lowsrpn performance i
exceliend, mul al mgh ypeedn Doy oan semdly crmk ool e mopn thanks o Bwew eificency Chy
e recent P abemason hrve besn based on YVolve s bk assemblies, wiscl ae very
swrdyy snd haes thueet bearingy buily o the mngt Owe Isrper oasis are "Dhec™ o " Asxial”
degns a flat plate of mapnetsy rotating oexd to o st plate of codls. Oor moaller PRI altermadors
e "Radial” desipns, where fhe magners e famened o the outside radis of the amsee. Soce

all altermators produce AC, the owpot mmst be convered o D wash bosdpe rectifiern for battery
charpimip

Char dessigns to diaie: harre been ungle phase for ease of constmiction. Thuee-phave abiemafor: hane
s advantspes [they e somewks osore efficent. and make Better e of svmlable wpace), ng
they are omewhat more difficult 1o buaki

Wik & 7 dismeter prop. oo Violvo baakee desspos com por more than &80 poops jamo s 12 weld
bafery m o M.mph besere<that’y abost 700 watts. We're seen the Voheo deun peak ot over
1EF minpa dhanng hupgh vands! Thas pves these hometsew deapns o iy sdvastape over amila-
sized comverted mdnchon mofors. which become inefficent queckdy and fop owt ot 2025 ampe
guspes Wilh @ 7 1. dumesiey prop

Inductian Motor Conversion Altsrmators
»  Advaniages: cheap. ey io find fady esay o comvet good owrpos perfomnsace




DC Generators

«  Advantages: Sumple and pre-assembled, some are good at low rpm
+ Disadvantages: Hich masnterance most are not good at low rpm. large sizes very hard to
» Suitability for Wind Power: POOR 10 OK

Brushless DC PM Servo Motors

A brushless DO permanest magnet motor 15 really just a permanent magnet aliernator! A specaal
drever catwit provides AC power that 15 m phase with the rotation. If you are able to find a large
one of these surplus. it's possible you might have an excellent start for a wind power project
They are nsed mn robotics and precision control appheations, and some nse Nd-Fe-B magnets for

hagh torque m a small space.

Induction Motors a3 Alternators

It's possible to male a 3-phase mduction motor produce elecmary. esther 3-phase or ungle
phase This requares 2 confroller and capactior. The generator amst run at 3 farly constant speed
For thas reason thus type of peoerator is mwore swtable for comstant-speed bydro power
mstallations than for wind where speed vanes—though i1 can be dome. We have pot
experunénted with tas techmwque vet, unce we don't have a mutable hydropower source. For
more information check out the bock Morors ar Gmerators for Micro-Hydro Power by Nigel
Smuth

Cut-OutRelayatHigh TowRPM:s

When the amwnwe mn the generator 13 spunneng fast enough (about 1000 generator BPM or 750
engane BEPM). the corvent m the shunt windsgs (3g) of the cut-out relay will generate a magnetic
field strong enough o cvercome the eatral spang tenson of the contact arm (3d). It snaps oum
bongeng the two comtacts topether. Cunrent now flows trough the senes windings (3e). acon
the contacts and out the amm (3d). finally reackmg the ourput termunal (usually “A”) on the
coatrol box. From there, if goes on to the ammeter (if fitted) and then to the battery.

Thus cunrent now Howing trough the senes windings (3¢) achually miensifies the magnetc field
aronnd the core (3f) of the cut-out melay, and this in tom holds the am dowm even more fiomly,
pressing the contacts (3d) together. The pomt when the contacts close is usually admsted so that
the internal voltage of the regulator 15 about 12.7 to 13 volts. When the engme slows to idle, the
mmature clows down as well This means that the voltage mduced m the spmmng ananire
drops. Lower voltage reduces the siength of the magnetic feld boldng the senes windmg's
cootacts (3d) closed Eventmally, the weakensd magnetic field can no loager hold agamst the




MAGMNETOIGNITION SYSTEM
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In magmeto rpmition sysiem a magnets 15 used to generate electne current for producmg spurk A
high tencion magneto generate: 3 very high voltage needad for spark: plug

Mamn components of magneto ignition systen
a} Frame

b) Permanent magnet

¢} Armature

d) Soft wron field

&) rotog

£) Prumiary and secondary windng

g) Breaker pounts

h) Condenser

The armatare consists of an woa core on whach there are two sets of wandngs

1) Primary

2} Secondary

The annanuwe 13 dnven by the engine. As the armatue rotates, prumary windags cut the hnes of
force of magnenc field and an mduced current flows o e pomary corcwit. As the promary
current reaches its maxinmm value i each direction, the primary circit 15 suddenly opened by a
contact breaber and the curvent collapses This action induces & very hugh voltage m the
secondary winding whech caicsd o momentary; spark to jomp af the sparl plug gap. A distnbutor
13 provided which camies curvent 1o the spark plig dwough high tension wires. The condenser 1
tsed 10 ebnmgats the arching ot the breaker pouaty and wtensifymg the cument m the secondary
coewt. For omin cvlinder engmes. a distrnibutor and a rotor ame required to dastribaste the curment
to dafferent spark plugs.




Electronic ignition

The disadvantage of the mechanical system is the use of breaker potats to mberrupt the low-
voltage lgh-current through the prmary windmg of the cod; the ponts are subject to
mechanscal wear where they nde the cam to open and shwt, a5 well as oxidation and burning at
the contact suefaces from the constant sparkng. They raquere regular admstment to compensate
for wear, and the cpening of the comtact breakers. which i responsible for spark tuung. 15
subsect to mechameal vanaticns.

In additions. the spark voltage 15 also dependent on contact effectiveness, and poor spariang can
lead o lower engme efficiency. A mechamical confact breaker system cannot control an average
sgrution current of more than about 3 A whale stll grang a reasonable service life, and ths may
hiut the power of the spark and ultimate engine speed.
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Sealed Lead Acid

The first sealed. or mmmtenance.free, lead scid emerpe in the oud 1070z The enmnesrs armed
that the term “sealed kead aced™ 15 3 nusoomer becanse oo ead acad batery can be 1otally sealed.
This &5 e and bartery desgeern added a valve fo comrol venting of ges duning sressinl
charge and rapnd discharge Father than submerging the plates 1t a hamd, the electrobvte =
mipregnated info 8 moistened sepamtor, & deswgn that resembles mckel. and bthinm-bases
syt This enables 1o operate the banery 1 any phvucal onentation without leakage.

The sealed baftery contarns sy electrolyvte than the fooded type. hence the term “pcid-starved ™
Perlugpe the mod sgnificant advamtage of & realed lead acid 1 the ababry 1o combme oxvgen
and hydropen 10 create water and prevent water loss. The recombmation ooctrs af a moderate
pressiwe of 014 bar (2pa). The valve serves as safety vent of gases naldup dunng over-

ervercharge of streefinl discharpe Repented venting would lead to an evental dry ot
Doven by ihess advantages, several types of sealed lead acid bave emerged and the moit

commuon aegel, alw koown s oveheswpulated lead acid (VRLA), and absorbent glacs
mar (AGM). The pel cell contains a silica type pel that smipends the sbectrolyte m a paste.
Smaller packs with capacsties of up to 30A are called SLA (sealed Jead acsd] Packaped in a
plastc contames, thess battenes are nsed for small UPS, emerpency hghtmg veahlator for
bealthesre and wheelchaws Becanse of econcnucal pnce, depesdable serace asd low
maintesance. the SLA remans the preferred choiwce for biomedical and bealthcare in hospitals
and retwement homes. The VRLA i the larger el vanant used a: power backup for celiular
repexter towers. Intermet hubs. baoks. hospatals, arports and other sies.

The AGM 15 a pewer desupn and quspends the electrolvte mespecially devaemed plass mat, Thas
offers sevenal advantages to bead aced systeme. wnchading faster chargng and mstant high load
camrents on demand AGM works best 02 & aud-range battery with capacities of 30 1o 100Ah and
15 less smited for lwge syviems, sach as UPS. Tvpaical vses are sarter batier for
motorcvehes, start-siop faaction for ouero-bybnd can. & well a5 manne and BV that need some
cyelng

With cychng and age. the capacsty of AGM fade: gradually; el on the ofher hand. bas a dome
shaped performance curve and smyy m the hugh perfornance mnge longer but then drops
suddenty owards the end of ke AGM is more expensive than fooded, but 15 cheaper than
el (Gl would be too expensve for SIar siop T i cars.)

Unlike the flooded. the sealed lead acd battery 15 desagned with a low over-voltage potental 1o
probibat the battery from reacheng 1ts gas-pensrating potential dnning charge. Exces: charping
mpﬁﬁtﬂ;duﬁqﬂnﬂ&pﬁmuﬂ&ym@fﬂqﬂﬂlﬁgﬂ,uﬂh
part also AGM, cansot be charged o thea fisll potennal apd tbe cluuge voliage Lot must be 561
lower thag that of a flooded. The float charge on full charpe ot also be lowersd. In respect
charpmz the gel and AGM are 1o duwect replacements o the flooded nype. If no deugnated
charger 15 avalable with lower voltage seftmgs, disconnect the chasger after 24 hours of charge.
This prevents pacemng due 1o 3 flom voltage tha 15 sef oo high.




Charging svstem nsed in an automobile

Auntomotive velacles wnclude a somge battery for cperatmg electronict m the vehicle and uung
an electrac starter fto start the velucle engme. Automotrve baftenes provide power for the
velncle's statine, hghtne and igostion (SLI) components of the car The recharpeable battery
provades aranlng power 1o sttt the velncle and also » the caly sowrce of power 10 contume 10
muntam the hghts or other devices m operaton when the velncle wwmtion has been tumed off.
When the velucle 1z monmng, the engine 15 nsed to chaspe the battery. Additionally, the babery 15
also used to power electncal components of the vehicle when the enmne & mosme. Antomotive
battery temunals typecally compnse @ comical contact section for movaning 0 8 comcal banery
post termmal. and bavng a clamping mechanssm for hghtemng the contact section 10 the battery
termunal the termunal firther comprising a conductor connechion section. A battery charpmg
system 15 coupled to the eamne and 1 powened by the eamne whea the velncle 15 mmmung. The
charging system 15 wsed 0 charge the storage banery whea the velucle 15 operatng Tvpical
charnne svstems mcinde a ample voltage regulator connected to the output of an alternator. The
voltage regulator 15 nsed 1o set a voltage penerated by the altemator whach 15 spphed o the
battery. Volage regulator comrolled car battery charmog systems keep an automotive storage
bartery at full charge level md to provide sufficsent electncal power for the operation of the
vanous automobnle electrical accessones.

Transiation Austo Care Cepter in the leadsr m Blissoula for the service apd repanr of oo
chartengs syotemes. Char Missonla soto shop staff taloes the times o sducats oo COSIoINEST i
imownng that the batery. startmyg and charpng systems i fwewr car or tmeck play priotal robes m
emxsimang: e depandabls cperabon of your vebacle wihile doveng mnosod aroose] Misscals The cas
hatiery doges slactiral spergy hat 40 fhen convertad by fas alniter mibs e mwchameal Sores
BSCESIRTY 10 MR Vour sughse The alieroaler fen serves fh purpass of producing i slectncal
cngrent -ingtaally provided by the car battery-that on pecescary' for the velacle's alectneal meedy
wihen the snpoe i ruueng. The igoton mecduls s dee kow voltagpe supply o the (priticn ool
cn smnd off dwhech m fmm e comveried o a highes volings fhat @ necesswy for e vebacle's
ENGOn TVIiemn b0 operate. The voliage 15 nsed o engage the spash plugs and creane the spaic
thai sre necessary o ignite the combined asrfoel muscimee in the car enganes cylinders It is thas
rnon that i3 uinmmacely ssed o ponver e prstons that i nam begin the e of the process of
porereTing your cmr ot frwechc

There are vanous factorn that contnbrebe to the wenr and tear of your velacle's battery. chargmg
apad stwting svdienn. For example the Gequent tosung on and off of vong msioonastile when
rrmmung sawandy in Rhssonla wall canue more wesr and tens than a daly conanmue to snd foan
wour hfissouls woriplace . Ovheer fisctiors that affect the wesr and wear of the bamery, charg=og, and
stnng system chsde 3Missonls doving asd weather condotons. cierall meleage. wehicle age.




and vEus neomotve oompdnests hke = velucke emertisoonest fystenk hat Cmse ao
exiessve elecmical domns
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The & VIptomns Youmay sipendnie Ehat sacheats p.:-'.'.'.'b'.f [.tcbl-.-n:'. wtth yom battery, chay EIBE
amd starting sysems inchede e dimnune of headlghts and mstenor lights. the “chedk enpuse”
and‘or battery bt comng o, or the Sabore of vanos car or track accessomes

The meechanscs a1 our Missouls amto repasr shop are expenly tramed m the complete serace and
repair of car and truck batteries. charpng and startme systems_ If you think you are hanang
problems vl my of the conyponents of your charpng and staring svitem brog your o oo
brock fo clar Missouds spfomotive repasr sepvice cenier and lef

INSTRUMENTS AND THEIR FUNCTIONS

The list of dashboard mstnaments 15 too long. Most of them have been enzmesated below with

1

thewr fimctions groen m brel, nd detaly of few of them are grven @ continung articlss

Speedometer. I shows mstans spead of the vehacle 1= blometer per howr (kna'ph) theonghous s
remng




Oudomneeter, It pecopds the distance taveled by the velucle i Kilomseter ever mioce the telick i m
CpEAn o

Tackommetar It ooy the sngios wpaed in rpaon It o provided with o RED rens nuwle wheeh
mapdies that (he mpne operahon o #us gpeed mage may canse o danage o o,

Asameter [t i4 weed to mdieate the clasping curenl penersied by the dyisns and the
dischargng current o the battery: Autonsobdle anmisbers are tsually of cenfre zere shlen
whick right ade of scale thows churging current and the boff side depicts discharping current.
They are avadable 1 &fferent range of scales, the most consmon beang 30 aniperes on each sde
with pespect to 2er0 in the centre

Trip Conspurer, [t displanys severnl mformation such as

Average speed of the velucles ance ihe compriter was reset.
Average foel consmnption m lres/ 100 ban doce e compnster was resst
Total manmmg tunes of the velicle amee the compuber was reset
Dhatsises troveled Soa sten of 5 poatizileg e dises the computer Wl fest Wia] guasnry
af fisel consamed compuber was reset
The &tanecs afier whach the fusl rasl: will be smpry

&  The tines of srvval o0 8 particnlar Sevaeation of the yamey.

o Chenpeading of the vehicle thn the preser speed mven by the speedometer, odometer,

sl dmchemater
Beades these, tere are asoy ofbea meobiary mirmatien modes. The compaer cas be e

fior amy qoastiy o ind when desoed. These moulsey modes se a3 follows,

& & = =

L

In-car temperare semsor. [t senses-tbe tempeatme nude the car coogmrtment and
actondinghy sets the heater'coolen. of sn-condihommg svtem amomatally

Fuel semtor. It beeps vighl o foel quannty and mfcems of Guough 5 gauge.

Sunlight vensor. b cenves the wrtepaaiyt of monleght and spforms o the temgeranare tensor intide
tle car. Accordingly the heaser, conlsr, or AC wall seton

Pressre vensar. [ senses the presnge of @l = letwicatuon sywem sod difcins e the gaape o
display. Temnpeianse gavge [T nxhicses e temperange of enpoe coobog waer whes the
igmition i switched OM, Lubricating o4l pressure gange It displaw the ol pressore. I the
mﬂnilmm&muﬁ.lﬂhhiﬂm“r.:mm

Fuel level gauge. The fuel gange hows e kel of foel i the fuel tank when the ipnition is
wattched O It shows E for empty and F for full ot the rwo extremes







