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CHAPTER-1
SIMPLE MECHANISMS

EINEMATICS OF MACHINES: - DEFINITION OF
KINEMATICS, DYNAMICS, STATICS, KINETICS,
KINEMATIC LINK, RINEMATIC FAIR AND ITS TYPES,
CONSTRAINED MOTION AND ITS TYPES, KINEMATIC
CHAIN AND ITS TYPES, MECHANISM, INVERSION,
MACHINE AND STRUCTURE.

THEORY OF MACHINE

It deads wth the srady of relative motion betrnees the 1arious parts of machine

Bl the foroes witach ot on theen Theary of maching may be sub- divided w0

the following coisgomie:

s  Kinematics of Machine: [t deals with the relotie motion berassn the
vargms pans neziecring the forces which are responsibls for producing
thess monons,

»  Dveamicy of Machime: It deal: with the forces act oa vamiom parts of
msching: Dynamies of machiss may be syb-divided fmo Slowing me
CEgrE

= St [t deals with e siudy of foces which st oa diffarss
pares of mackines baviss the part mvast be fo rest position.

= Kinetcs: I deal: nish the memia forcss due o R and molon
of pasts of machine.



EINFMATIC LINK
Each pan af snchine wihich senes relavive po otter i called biremste lalk of
slamant [f 5 bnk may comsist of sumber of pars cornected m ock & way thet
they form one wxit and Bave o relafive motion wEh each other. Exmeple
piston. peon rod and cross head of sosine consaisme one unin and behave ke
singie link On the othey hand cros: besd commectng rod, frame of engine g
differest Imks
Twpes of Lisks
« Rigd bink: A ngid sk &5 cee which dess not undergo any deformance
while traspmitng motion. Iz acisl practics, no bk i perfecthy rigd,
Tt fior T Comtenience We may takoe connecting rod, crank sic o Eed
* Flexible Limic A fiexivlz link is thar which, whils wassmining monon 2
partly dadonmed i such 3 nesmnaer that transomission is not affsched:
o Floid Limk Tt is formed kv havine fasd = 0 conteines and motion =
iranzsrimed chroesh Gmd by preszare E g Evdrsalc Tack Invdranlic pres
[~

EINFAIATIC PATR

A pair i= foreed vien there = 3 contsct Berwesn nwo bmks of mchiss bt
whan thers ix mixiwe moton betvess the oo Imks, then & i called Ionematic
piir. The relive motion betwesa the two ks mast be complewsly of
1 v coesmaimed o mabe requirsd pair. Exsenples are Cvhmder and
piston, piston 354 connacting rod afc

Trpes of kinematic pairs:

{1} Bxsed om matars of contact between slementy;
{a) Lower pair: [the jomt by which toro memsben: ooe connectad bay
surface contact the padr s knoven a: lowes pais. E2_ pin joists skad
resstng in sk, slder in sheder crask mechamism



() Hizher pair: If e comacn bermesn the pameg elermsms takes place
& 3 poimt o adong & hee, such & in 3 ball beanag of betwesm D gRA
teeth in comgact. # is imown a1 o hizher pasr

(i} Bazed cn relative motion betneen pairing tlement::
(&) Siding pair: Siding pair i comstinmed by fwo elemears 50 comnectsd
that oee i coastraimed v bave 5 shdwmg motion relimve oo the other.




%) Turning pair- When comnections of the two elements are such that
caly 3 cossmsined monon of romica of o slsmen with pspect g

the otbar 15 posrible, the pair ConsmTmes 3 NENME PR

() Colindricel pair: 1f the relativs monon beowesn the paring slepearn
& the combinstion of toremg snd sliding, then & i called 33 cvimdrical

id} Rolling pair. When the paitine slemasts have rolling contace the pas
foamead i calied poling paw E g Besnmgs, Beh and pullsr.




(2} Spherbal pabr: 4 spheries] pair will heve vorfecs opesn and thres
degress of feedom. Ef. Ball and sockst joim. DOF =3

if) Helical padr or serew paie: TWhen the nature of conisen betwesn the
elamants of 3 pair i such that sne sleenent can turn sbout the other e
scrww thready, & is monm e sorew pair.

(i} Bazed em the natuie of mechanics] constraint.

i3) Clazed pair: Elemens of peirs held woeber mechspically due o their
Fremetry conatinms & clossd par, Thew are also cslled form-clossd or seli-
tloaed pair




B Unchoed or force closed pair: Elemens of pams beld inssther Bv the
srrion of exsreed fhersy comsrems whelosed o fance closed paw Ep Cas
s follovmr

CONSTRAINED MOTION AND ITS TYPES
Constraised motien resishs whea an object i= forced w0 mine o & resmicred
way L2 moves i defimets dirscrion.
Constrmized motice (or mistne motion) cin ba broadhy clasified into thoee
vpen.

1. Complesiy constramed motica

2, lzcomplasby constramed motion

3. Partially {or soccerefully) contirained motion

1 Completeh ¢om trained modion:
Completely constramed modon 5 3 o2 of cosmimed monon = which
misine moton betwesn the linky of o kinematc pair eccun in 8 defEdie
direction by itaelf, grespective of the extersall forces applied E ¢ Sqmare har
in & square hole undergess completely commramed Eotion



ﬁ

Ever whan s extespal force is applied 8 sgmre bur ahwavs slides inide o

squate hole. 11 does ot turm.

1 Incompletely consirained moiben:
Iz mcompdsscly constrained monon, the relisre mobon borwesn the linkz
depends oo the directios of exsarns] forer acting on them A good sxampls
of icopypletely constrained motsen 5 the motion of o thafl moside o crelar
hole. Diopeading oa the dwemion of exemal forces applisd, the shaft Eay

slede or Tum (or do botk) =mds the crcular bole, Incoerplaely conmramed
motien v mndssimble = any mechamics] oytem [f leads 10 isproper

Craoular bole




3. Partdly (or soccevsfully) constrained motien:

A lonewarie pair 1s ssid 1 be pamially of mecssafilly coastrawsd of the
Tl monon betneen i el oocus @ 8 defiEdie direchon, not by mealf
mobten i piton recipsocating insile & cvlnder in an interna] combeios
cnzme MNormally, when s pEon & piiced in 3 cvlinder, it mav underze
meciprocating motioe {upward sed dowemerd motion) snd terming metion,
dependrs o the exbernal forces aplied. X 1 imcompletels constramed.

Lot

Foat vt lisabitui

B

A

EKINFATATIC CHATN:
b & combiston of onemstics binks in sock & way thar the mhiths =otion
bernsen the Bnics js completely o successfelly constrained and the last link js
copseried w the firo ek
Ths foliorvng relstomshups kold goed for 2 kdneeanc chann:

[=2p—4

e -
j=gl-1

Where,
[=Humbsar of laks
J=Tiumkar of joims
1= Munber of paies



Trpe: of Kinematic Chain
1) Four Bar Chsin
2} Shder Crank ctam
I Dishile Slider Crank Chain

L.} Four Bar Chain- I it made of foo rigd links which are connecrzd o
form & quadrilateral by foor pén-jointe

Ligk 000 i fied and kmown 85 frame [mk OB porare 284 i calied crasic
Ths lick BC & called coupler and ok OOy i called lever.

Applications of Four Bar Chain-
I} Beam Emgme
2) Coupled Wheel of locomotive
3) Engine indieater

1} Shder Crunk Chain- It i o four bar cheim haning ons slidme pedr aad
thres ternies pairs. This mechanism i nsed 10 coovest reciprocating
oo of pision i POUArY monen of Ceani
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4.) Douhle Slider Crank Chain: A four bar ckais with fwo toming pain and
mwo shding pairs i ko 35 deable lider ek chais

i




AECHANIEM

It s gn ssspmmhiv of 3 Ausssar of pejomnr bnky which sre copnected B ssrh &
way that they heve complessly or vocoessfully coostmamed el motcn
befnwen theen snd mechaniom i ohieimed by foicg one of the links of
Innemarie chaim.

A Eechamize which kss up to four links with looer pawe = callad Simpls
mechsmizm

A mechanier with more than foer Bols @ pareed as sompourd sechasiam

AMACHINE AND STRUCTURE

Mackine: A mackms =2 3 device which receives spsrzy in soame avaiable form
mrad uwes it te do rome ok There ericty @ relative motion between ity party
Eg lmhe shapssez

Stroctare: [t & o asssebly of vamous parts whech henving no mkins mofion
bernesn them sed nue 10 taivs 1p losds having srsiming artisss Thers sxishs g
riame motion berwesn n= pans. £ g roof truszes, buildings sic

INVERSHIN:

As 3 macksssm i cbtamed by fimeg one of the tink of kmemeric cham, [ sy
other link of the methaniom i Gred nwead of the orizinal ope, the Dew
merhanioen obmained B called mversmion of swechssjess Henes differssy
imversions cam be cbrmned by fonng defferemt hinks ratker than cngimsl one 25
2 thder crank chax become an cxcdlemz crbnder mechammim if the coznecims
rod §1 Fied sed & pantubem pump o e sHder block i fixsd



INVERSIONS OF KINEMATIC CHAIN: INVERSION OF
FOUR BAR CHAIN, COUPLED WHEELS OF LOCOMOTIVE
& PANTOGRAFH INVERSION OF SINGLE SLIDER CRANK
CHAIN- ROTARY L.C, ENGINES MECHANISAL CRANK AND
SLOTTED LEVER QUICK RETURN MECHANISAL
INVERSION OF DOUBLE SLIDER CRANK CHAIN- 5COTCH
YOKE MECHANISM & OLDHAM'S COUPLING.

INVERSION OF FOUR BAR CHAIN
1) Counpled wheek of locomedive: This mechanism iz tned to fTranomit
resary moinh of ef whesd po another whesl [n the link 1 i= f=ed s
boks 2 & 4 = of agosl lengths and a0 35 Crask Link 3 a;r &

Link 4 IW““
=, Link3 s T
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2} Pomiograph: It iv o mechamical Bnkape comnected im 2 monner based
on parallslasrais oo ot the meesnset of OB PSR I [ERCINS a6 feass
Fodeces ideancal moveman: m § scomd pen. If 3 bme drsmomg & fraced
by the first point, an idesticel enlarred, or mEnisnized copy will be
drawn by & pen fized to the other Tsins she sams principhe, different
fands of pantographs are wad for other forms of daplicasion = aress such
w soupmmrs, manrmE sxpravizg, and snllme



3} Beam Engime: It copsisty af Sour Bnks. When the ok T ie sk =
rotaned abom point A thes lisk 5 Le Jever oscillxtes abot poist D This
mechanizm is used 0 CORVEN Nefary BOTI0n HED MSCIGITCIting Eotion.

L
Ll &

INVERSTON OF SINCLE SLTDER CRANE CHAIN
1} Retary L.C. Engines Mechanizm
A serle slder crask chain |3 3 modificsnion of the bacic four-bar chain [t
comitit 0f coe shding paw and taes formag pEn I &, onally, fond =
peciprocating shepm enpine mechamiom This fype of mecheetiem comert
polary mobion imo meciprecating motian and vice versa In & sinpls slidsr



crank chain s showrn the Boks | and 2 links T and 3. and links 3 and 4 form
thres poming pairs whibe tes leies 4 gnd 1 fore 3 <idine pais.
Link 1 coerssponds w0 the famw of the engme, which & fized. The ok 2
comesponsds o the crask Exk 1 comespoads to the coreectine md and lisk 4
comesponds 1o crois-bead. As the crask rotaies 1he croos-head reciprocmes
i the paides and tvos the plenn r2cprocans: i the cylinder

Cranik
ek Lk 3
iy
ek )
Crosshaed
i 4

1) Bull engine or pendulum engise:

in this mechanizm, the mversion iz obminsd by finng the orimdar or Imk 4
{ie. shiding pair), @1 thown in Fiz In thir cose, when the crark (lisk T)
retates, the conpectins pod (Rink ¥) cocillate: sbowt 4 pun pructed tn the Fxed
Enk 4 st A and the pieton smacked oo the pisson rod [link 1) recipencaes. The
duplex pump which & wied o pppiy feed water to botlery hawy two pirioea
attached to Hnk 1, 02 shors in Fig.



-
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3) Oncillating Criuder Engine

The srmngemess of cocilllating cylinder exame mechaniom, s thows i Fip
E msel o comven reciprocaning motion imen rotsry motion In thes
mechiasm the Imk 7 formizg the mming pair & fized. Link 3 comesponds
2 the connecting rod of § recprOCEng Heam mEgns meachaniim. Wieo the
crank (Enk T} potstsd the péson absched to the pivna rod (Bnk 1)
reciprocanss amd the cvlinder (link 4) osciflaees show & pin povored o he
fized heko ot A

| . = L: =
J-ff., £ \ Cned) ",
'J-J% Z -J s I|
% 1: ____,-"' L} ;
|.| " 5
- Connecting * '3
i 4



INVERSION OF DOUBLE SLIDER CRANK CHAIN
1} Scotch Yoke Alechanizm

In fls mechaniom gae of the sifies hiock js Fred Fotary motien b grven
1o cramic shonn the fined Block.

1) Oidham™s Coupling

It measa for manapssessse of powes Bop one dhal) 1w anethes shafh parslis]
w edch other when the distance bermean the w0 axmes 15 small and vansbie
The shaffs are connected m soch wans thet of one roteie, other st rotetes ot
same spewd a6 i the seme directiog.

Flange Intermediate
phace
(Lini 1} ‘{- (Link 4)
Drriving
shatl
Supporting
frame

:th m HF?T?TF’!‘W?’?HH‘J‘J



7} ERiptical Trammel
Il o device mead for draving slipss Ir bas tuen Eroees o of rishy snpls 0
¥ fimed plare. In & grooves, Two alidng blocks s Gied. The lmk 2 joms
the slhding biocks or o #1 extesion traces o aa ellipee on the fred plate.

¥ "
g J i o e P
F-'T1 i FrrreRrrrrrrrer
R i i
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CHAPTER-2
POWER TRANSMISSION

INTRODUCTION TO BELT AND ROPE DRIVE

Povwer 1 masseimed froem ome skaft to another shafi by means of mopes, bali,
chain and pears For loey dintance belty, ropes or chadn s oeed while for small
distance zass are umad,

Belt: Tha Flexible wrapping connecton: are wed o unn=n power Soe one
el o anstker shalt Tihen ths wrapping connscpor wias the form of hasd
witgse thicineas 13 smadl in cmmparison o width i called baln

Eope: The Flezdble wapping cossectors ae ead o fanaswt powes from ans
shaft 1 anoter shaf If the czoss saction of Wiappme comBeCter i= cleosisr thes
1= calied Fops,

Thee bel and rope e b bspe (8 pensien 5o that the motion o transewithed
wathout aay sip. Due to slypping and sraming acnoa el and mpas = not
potitave types of deoves oy thex velocity matio & not constant.

I camse of balt drive sither A o srooved pulley are nsed whils in core af pops
donve mooved pullev iz ussd.

TYFES OF BELTS
& Flat Bali: A4 bair keving recrangular oroey secnion 15 keeos o2 flar bait It

s mowly wead for powwr mEnEEmEikE 3 @ distaRce @t more chan 3
metery



o V- Bedt A belt hmine wapezoidal cross section is knoon s W - bel It i
mosty used for powsr raamisnen wien o pullevs are close o esch
other. To taks adviezspe of wedgw croes section grooved palley 15 oeed
Dize to 3t wedzing actios 2 can warsmir more power than Bar pulley '

v Circular Bali: I is afso keoos a0 Bops. A el hsving cecular oom
section is imowm s fat balt Tt is mosth used for powes tranaswivsion of a
dispance mdrs thap § mepars

MATERIALS USED FOR BELTS
The marenals wead for belbs st be srong. flemibds and dursbls. It shonld have
n high coefficiest of friction. The various meterizl nyed wre:
¢ Leailerr: The beother may be oak-tanned or miners] ool tannad s
Chroene tammed. When the thacknass of the bek requirsd & mors than, reg
o e Eirgs are cemenind fogether Lasther baler requere permadic
Clsnms
= Fabric: Fabric bekis me made by fodding cameas of cotben dacio i v bavsr
{deperding on the requred tickmess| and stizhine tozether

& Ewhber: The bels are mads of Fabric with 8 robber lver Thess are nsed
i swmills, paper mills, ec

& Balaty: The beles pfe made oo ofthess maserials aps dfmilar to fiblper
beits expern than Balss gvm i weed instasd of mbber The bels ofthess
eesiwrinls s mcad and wetarpreed ket cannot be umed whe fhe
temparatune i above 457



TYPES OF BELT DEIVE
The foliowing = the Sve mam types of Bolt Drives:
& Opes bel drie
¢ Cros: belt dnve
Stapped come palley or speed come drive.
¥ Faurand Inose pullers
¢ Jockey pulley dme

Opes Belt drive: In these nupes of belt drive, the belt & smplovies when the
oo parslle] shafts have 1o rotste n the same direcion Whes the shafts are far
spart, the lower 1ids of the balt should be the tzxii mide 2nd the upper side max
be the slick side Tt in mootly wed for povesr manseviesicn 2t o distance ot

mone s £ meten

QOPEM BELT DBRIVE

Crozsed belr drive: This nvpe of bl drmves, e belt & esploving when ma
paralls] shafiz keve wo rots in che opposie dowcica. At the funciice whars the
bedts cross, & robs apxinet Eself and wewrs off To svedd excessne wear, the
shafts s be placed a1 8 maism Slarance from each other and oparaed o
vary low speads,



CHOSS BELT DAIVE

Siwaped Cons Pelley or 1pesd cone drme: Tha ope of NE dmss e waed
tlen the speed of the driven shal i o be chanssd verv Fequently a4 in the

case of ensclize weols such as lathe, dnlles mackine =

STEPPED OR SPEED CONE PULLEY



A sepped come pulley is an ieral casting havine thres or cowher of pallevs
of diffeyam sives pae sdjsten (o the other Ome st of sspped cone pullsy =
mounted @ rsierse on the driven thaf. An endless bel wall be wrapped arousd
cme pai of pullevs By chiffing the el Enen ane pai of pullevs to the othes, the
spesd of the drives shaft e be varisd The dismerer of the dehvme and drives
palleys s such than the wame el will operste when shafted on dufferer pars of

pullay

Faet and Loose Puller: This opes of belr drives are umad when the deren or
mackms shafi @ 1o ke rteried or mopped ndmpsver denrsd nathout misrfermg
with the driviag shafl A pulley which i keved to the machine shaft i1 calied a
fast pullev s run af the saees spesd 3 that of B machss sha® A loose
palley mm fresly over the =achiss shait and & incspsble of wanamtong e
powar. When the dmen vhaft is required to be stoppad, the belt it purhed om to
the oose pulley by means of & didin® har having bl fogks

FAST AND LOOSE PULLEY DRIVE



Jockry Faller drive: [n an open belt drive amanesmers ifthe cender distance =
sl o of the drives pulleys e very small then the aep of contar of the bl
with the dnan pulley will be very mnall, which reduces e tsesions m the belr,
o ifthe reqismed teswion of the belt cannot be chiaized by cther means. am idler
pulley, called jocksv pulley is placed on the slick ide of the belt With
incresses the arc of comtact snd thus the pensiom witich remul: i imcressed

JOCHEY PULLEY DRIVE

CONCEPT OF VELOCITY RATIO, SLIP AND CREEF;
CROWNING OF PULLEYS (SIMPLE NUMERICALS)

VELOCITY RATIO
Tt 15 the moo of spesd of the drives pulley o thet of dnving pulber.
Linesr Spaed of drver pallsy = 5 Dy I,
Linsar Spaed of drives palley = £ 0, 1
Haglerming thicknass of bek amd also thers & wo slip bevween bel and palley,
them
Velscity Ratie="" ="
LS

liws conaidanag the dicknss of the balt (1)

Vilocity Baion - = o
NI B+t



ELIF

10 ke defference on beneion berwesn ey snd sbark sides ibel 1= oo Largs o b
mimsed by fiction berwsan the bl and the pulley, then whaole portion of bali
which &2 in contact with the pulley begina to slide When thir Sictional mip
becomes meufficisee thers & 3 posdbdity of frwarding motion of driver
without puliev with #t. this i imown 3= the slip in 5 belr. Therefors 2hip may ba
dafined u e ralath motion betwess the pulley and the bait in it. Thiz educez
the velocity sateo sod usmally expressed in %6 and B i descted by 5.

- L | A
¥ Hipak driver, v, Dgumesisd |n Y of df b ipeed, 5% -=—2=110

W4
o . Slack side
X —
i .
T =
L | ;H: 5
o] ¥ {
!
A g ==
s =
e Tight slds | 5,
illi ok drbwwm, &, Peprpsisd In 5 of hall peed
[ v,
&= EHEF
L
CREEP I'N BFLT

Drating reastion there it 40 expasnsion of a belt oa a ught side sed cosfraction of
#he belt om the cleck side. Des fo this wasven sxpanzion and comtmacion of &
bt over e pulley, thare will be a relstney movement (moten) of S balt over
the pallevs this phenamenon is known i Creep o 2 belt



Slack sl

Sgte; Ol snd O ery the #iedy Diwnetory

FLAT AND V BELT DRIVE: RATIO OF DRIVINGTENSIONS,
POWER TRANSMITTED, CENTRIFUGAL TENSION AND
COMDITION FOR MAXIMUM HORSE FOWER (SIMFLE
NUMERICALS)

RATIO OF DRIVING TENSION
Ratie of Drivieg Tenskon for Flat Bebt Levu: conssder s drnssn pulley
mastmg = cleckose direction ms chown = Gram:




Let,
T) = Teemion = bell os the sk ojde

Tz =Temsios = balt oa the slack sads

8= Amrle of contact

i = Ce efficient of fcrion exisns bermeen bell and pulbey.

o= Angls of Lap

Comyider driven or foliovrer pulley, Ball reraains: in contect with the EBF.
Lae T, and T aze the tesdinns m ekt side and slack side

Angls EBF kmown & a2zl of conmeo =[] -de
Cemmder dérmran or follower pulley.

Belt remains n cosfact with the NFAL Let T, aad T: are tensioes in gkt
sufle and siack sude. Let T be remcion s pomt A & (T - dT) be the =n2i0m at
poat N

Ciomrider aqualibrius m horivesta] Besction B and vertical macton uf
Since the whole syspam is m aqudlibrins that is

=1; Tom 90 - 52} + R - (T = SThsin(80 - 82 =0

Trow (382} + pB = (T = 5T) coa (287}

Teos (382) + uR. = Teos(ByL) = STeos(Ee2)

ul = ETcosB )

Since 5812 @ vary nmall sd cosl® = I, So coalE8) =

pFsET D

IH=1k

B-Toos(9d - Bq 2T = STioosP0 - 82} =1

B = Tum(382) + (T + 5Timin{ 562} Az 502 is sxmdl So rm(B8/2) = 382
B =TI = Tip) + §T68I) = T.08 + 182

As BT7Eq'2) i wery =mall S0 BT{5q D=0

B=Tiq (&)

Punting vabee of (i) in equation ()

wIse=ET



or, 5T/T = u.58
Imssanes hoth thasgle  TWhare § = Toal sngle of contse
E

T;J.- G| ||5I—.'.

IBTvT=n
Ti 1]

T=*

Thuz, Rano of beli =mEon = = ghth

22

Eatio of Diriving Tension for V- Belt
L=
B =temmal rescoon betwezn belt and sides wnh & groeved pulley.
2o = Angle of oo
1 = Co-adfirisnt of Friction hernreen bek and pulles
B =Toral reacion in ths plans of grogve.
Buamoiving the forces vertically,
WepstRsRy s+ Py snao® Il sna
Bx=(R)caseca. {0
Frachomd resmiance = ply + pRa = B = 1a{R Doosec o
= uR cosec o= F gooset @

Tl _phcoms
hmmmw-m:']_;e" .

PFOWER TRANSMITTED BY A BELT
Le,
T) = Temsion em tisks s of Belt

T = Tenswa on shack nde of Belt
w = Linear welocrty of belt



P = Power mamamified by Belt

P=(T1-Tav Wan

CENTRIFUGAL TENSION
Whan the bah comtimactslr moves over the pulley, &2 caamfugal foare due
ity onm weigkt tends o 5t = fom the pulley, Thin centnfigal force produce
ol tenssaes on tieke vide and slark side of fhe balk i Inown b= Centrifieesl
fE=-Ea b
Consadar 3 short slamezs of kel

Lt

0= s per unlr bengrh of bed

T. = emiraiugal tansacm on tght and shack vides of sdammat

F. = centrifaps] force ox the slement

= radins of the puliev

v=veiocy of the el

&= angle of lap of the alemant over the poley

F. = paasn of slement x soceleranion
= {lemgrch of slomant x mars par undt lemgth) @ sccelarmon
-{rm:m}::f
= 5 (1)
Alse,
F,=1T, a2
A4 ob i3 omall,
Sin e ¥
z =
F =278
F=T.58 (@)



Fros (1) and (i)
Tc &8 = ool
Or Te=m

Thus cenmifees] tenssem b independany of the 1ok and 1ok side nsons and
depands caly on the velooy of tha belt over the pualler

CONDITION FOR MAXIATA POWER TRANSLIESI0ON
1f it i= desired thet 3 kel minsmit maximoEn possible power, two condicons
et e fulfilled simulmeowmlr. They e
1. Larses tepsion misst repck the pasirmm permissihle valus for the belt
2 The belr shoubd b2 on e pelas of slippee |2 maxieeem friouossl force i
deviopsd @ the belt
Lat,
T1 = Teruion oa tishr zide of Belt
T: = Tenzows on slack side of Beh
v = Limsar wlocty of balt
P = Powes racemined by Belr



PeiT=Td ¥ i
Bt ws bpow ket T, =
O we can oy that T @ T 0
Mihing g vl -:IFI: o gt )

Pofl o0 refr e [l=1e" ¥ Bk
Let il=b % = K, K = oo comsied
The e above ectisa iz P=T LV e KT V Al

T T ® MLssirar Brdan in e b
T, = Ceirduge| oo whh 13 el o

el =1 +1,
| Pl SR
FJHI‘ 110 vaie o gl 131
P=KT -T ¥
KL m¥e

=KT, v -m ¥

P maneted will by modrmes if dFyder =0
Thus differestisting aqmation with respecs tn WV #nd equatine ts sern. for
EETIMUE POWST, We g8t
Sy = LI'I’ = 1y =]
I.u =
Tln.='inl"l:

L] L
Equation () gives vedoowy of bek @ which martienam posr i mmsmimed
T =T, .. ] e I i L]

Hancs whan powss gensmened i peswizzam, the canringal mosion noald be
aronad 173" of the marirem tension.
Welknowhst T.w.=T + T,



=T, = Tl
T,=T,, T3
- URT
Lt -5

Hancs condition for trasamyisyson of mandrrn powes i

To™ 13 T, 3]

T =20 T
DIFFERENT TYPES OF CHAINS AND THEIR
TERMINOLOGY
CHAIN DRIVE

A chaim drive possisy of wn endles chals ussins gver Moo irockss driver s
dmven The veiecy rato & coastasd The chaiks are mesdy used o massmmt
motion snd pooer from ong thaft to mmother, when the cestre distizce et
the chafls i« shorr vech as in bicycle, motarcrcle e
DIFFERENT TYFES OF CHAINS
Thars ars difersns wpes of chains wad = povsr rEEmimOn
 Hedsins Chaine
¢ Comvevor Chains
*  Power tremermicsios Chains,
Hpiating Chaisa’ A bajet f= o mecbanses] device which i psed o B a load or
hwenng & lesd, € can b2 wmad for shiftng of some heasy product Goe one
Flace to mmother plece I & work siation. Howt chais cas be charified it tmo
categories.
&) Owval-Limi Cheine
k) Sted-Lmk Chains
§) OwabLink Chaina: It is coe of the common types of cham aved in kedst
it comeise of many oval lisks amached to each other. These ope: of



chaine are alvo called Cofl Chaine Links of this tvpe of chain is oval
Hemever, thepe sre sqmaps e rvpes of chaes pha) e sl svadakls b
ths konking & ocoumed sasily dus o bigh keadng. Genssslly, we used
these bvpes of chaina ot low’ speeds oaly.

B} Simd-Limk Chadan: Tee smd-lisk chsing wed 0 smiesre the
deformetion 1ad link or tangle eaxily. Tn thit type of chain, & round bar or
stisd s used 50 52 Emide the oval-link chases to grevide moce strensth &
the chain I b= uzed in Ship o up @ down the sechor of the =hips, and
some crane boast whers we need to lift 8 wry kagh amount of load.

Coaveyor Chains: Ay the mame mgpesh commyor chesny, wiich eveans these
tvpes of chaine e poostly used B the comvever If vou dem't keow the
copveyer, it i & mechanical device sysrem that i3 uzed 1o move the marsrial
from ozs plece to aoother, This tpe of chxia & woll daged thet & can saphy
nm onver the sproccet
Canvevor Chains e catessqined o thres pvpses;
8} Detachsbls or Hook Joias nvpes Covevor cham
b} Closed-exd pintls fype comanvor chain
o) Detschable or Hook Joint fvpes Coaverer chaim: Desschable or Hook
It npes Cosverver chams &= used | & comvevor where the length
betowen pover Tanememions & short Detachabls or Hook Jomt types
Conveyvor chis ans weed ia 4 copveyor where the lensh betnesn poirer
transzizions i sho.
b} Cloued-snd pinile tvpe comveyor chaim: Thas ops of chain i comeam of
i barrel mned Bink and made in o single cactine and then the chain iy heats
treaed te proyde huphas simensth



Fower Trasmwiviion Cheise: Yoo can easily fnd ouf by npeme of the chain
that i j= meed o eEsemie the power. Thue pvpe of chain & made of seed and
womesnsds it besti trested 10 evmimeize vwesr and tesr. This ovps of chein bas
Eresier accuracy mad can essily fm oover the sprockst Power Transeciwsion
Chaine ane catsrarizid inbo thres tvpas:

) Eleck Chain

b} RollerChain
£} Silent Chain or Imerted tooth Chaim

) Block Chain: Tha fyps of cham uw wed i low-spesd sreas sed will
prodmce moase do: w the sudden comtacy hetwesn sprochel and chais
bowervar, this & used in some low-3peed coavever machinss.

b) Reller Chain: This tvpe of chuin & comsnacted by

A bush
Ipeer Link
Apin
Crmar Flos
Tumer plate

In thiy type of chain, 3 busk along wich the roller i firted inuide both e
plates thap o pis B passed throash both the end of the roller 1o Faspen
The rollas s fee w roe nside the bush o ther when it Comecs
beromex the sprociet tha wear snd sar would be minemized. Gensmily, o
it mede of seel I 1: soundless and vresrs less a8 compared 1o the Block
chams a=d used in gny cocumstasces and chis ype chemns Fave svock
srvice ares if proper lubncason 15 mentmmed



c) Sillent Chain or Inverfed Tooth Chain: The operstion of this tvpe of
chain = guis silear snd coe be used (0 hisk-spesd power raRsEdnEs
aread. This rvpe of chan doss not have any reller; @ & scourataly chaped
thet i can easily xif cner the sprocket However, hibricafion = an
imporram factor for this rype of chain otherwise i will wear gnd pear ou

TERANNOLOGY

e Sprecker: The cham is fimed om wheals are called sprockess, A
pecesias i the chais

o Piech: [ is the dmnamce bebwesn the hinges camre of oo adjscent
lin:

+ Pitch Circle: A cocle bs drans theoush the hinss cestre whes the
cham i wrapped around e gprockens

« Pitch Circle DNameter (FCD5: The duaemster of pich ccle =
called m pitch cirche diarseter.

GEAR DRIVE - SIMPLE, COMPOUND, REVERTED AND
EPICYCLIC GEAR TRAINS (SIMPLE NUMERICALS)

GEARS DRIVE
Gragrs are the woth wheels nsed 10 mansmit power berwesn o shafis, when the
camere dismece beroaen themn i vy emall Gears ars geseralhy usad for ooe of
four defferent measomn

# Toinoresss or decresss the speed of rotston

» Tochange the soourt of force or fonge;

# To move rotstional morion 10 & deffsras s

o Toremms e deschon of meisthon.



ol changing he smousy of force oo ioagee. The p=ars cam be chassified scoonding
in

¢ The position of thafl sres

# The perpheral velociy

= Thatypeof gy

#  The t=#th position

Accordisg to the posien of 1hafl sxe:
Oears pay be classifisd socordiss o the relaive posttion of the axes of
revolmon The axes may b2
» Purallel shafy whare the sngls bermesn drormg and deroen dhaft o
0 degzee Exumgple: inchide spo mears simgle and double helical
o
* [msersecting shafs whars thers 15 mome snple betmeen demang asd
driven vt Eoamples inclode bevel md miter gear.
o Nog-imersecning sed non-parslle] shafts where the shafls srs mot
coplanar. Exsmples inchuds the hypoud and wons gesr

Accordins o peripheral veleciiy:
raars can be classified a5
» Low velocity type, if their periphera] velocity lies in the mmge of |
to 3 misee.
o Ml=dinm velecmy pe, o e paiphen] velocoy bes i the mags
of 140 15 mimec
s Hish velocity pps W their peripharal velocy sroasd 17 svsse.



Acoording to fype of pears:
Cragry can be classified 3¢ emerne] samre internsl meary sed rack sed palon
» Exzernal gesrs mesh smsreally - the igger one 15 called “pesr” snd
the smaller one @ calied “pinson™
» lmsrnsl pears mesh iiereally - the larpsr ome i calied “sspular
gar and the smaller ope w callied “pinion”
s Fack =d pimion [ype = copverts pobary B0 Linesr mofioa or vice
versa There i 2 sivaight Bne peas called “rack™ on which 3 seall
resary gear called “pEmon” maves.

According to beeth pecition.
Gragrs are clasaafied #: soraighe inclmed snd ouned.
» Strwight gesr festh ars thoas where the teeth wxis & parsllsl fo tha
whaft axie
o [aclmed zear reath ars those whare the raath ank 1 a1 some amgle
o Curvw paar testk ars conved oo the mm's ruriace

TYFE OF GEARS

SPUR GEARS:
Spur gears e nsed W wanom povey batwesn rove parallel shafts. The teeth oa
thess geary are o mraipht amd ars parallsl to the skafs o which they ars
sbtached.
Epur Gears Charscierintics:
*  Simplest and mos sconcerics] npe of gear o memafsomre.
* Speed rmios of wp to B (i extrems cases up to 10) for oo wep (Hugle
reduction) desisn. up o 45 for twa st desirn and up o 200 St thres-
fep design



L immistwtioas:
« Mg sueabls when 8 dirsmion chanpe beavess the rwe diefls i peguned

* FProdoce noss became the commmct ooom over the full Sos widih of the

HELICAL GCEARS
Helical pran rasemble mpar pears, but the testh are ot 8t om mngle mmiher thas
parallel & the shad anis lde oo spur pear: The ansle that the heleal pass tooth
iz om e refemed sooas the belm amgle The angle of helm depend: mpon the
condstion of the thaft dengn and mistrre porinon of the shafin. To enaus thai
the eears rm 1moothhy, the helix ansle should be ruch that one end of the pear
toolk remain in corescl umml the opposie end of the falloniss sasr tooth hat
foamd 3 contsct. For parsliel skafis, cthe helm sangle should mot excesd 20
dezrees fo svoid excessive esd thnec.
Charstierismo:
» The longer teeth camse hehcsl gesn o have the following differsmoss
from e et of the tizw 1mw:
* Tooth rmrenstk it sreater because the teeth are lomset than the sesth of
spur gear of equivalent pach dismssr
= Can camry bagher loads thee can s gesm becamse of grester marfacs
iontad on the pesth
= Can be nsed o consect paraliel shafis = well a3 non-paratis] nom-
*  (puieter eves ot bizker spaed aod are darsble.
*  Limiesrins:
= {(Fears in mesh produce thnest forcss ke mxial direcnons.
*  Expemins coepared to spur gaan.



HEVEL GEARS:

A bevel pegr 1o shaped s 3 sectin of 3 cobe and prissrily med 1o EEmE
powsr between intersectg shatis st nght sngles. The teh of o bl gear may
be simight or spmal Sérazzhd resr 2 prefered for peripheral speed: up to 1000
feat per mwmite; above than they (=0 1 be noisy.

Charscterisiic:

- Dhsigmed for the eficknt Temmmision of power 1ad motion between
inbersectine shaPs 4 good example of bevel sears i seen i the i
mechani=m for 4 kand drill A= the haefle of the &l b= tumed | 3
verincel derection, @ bevel gears change the rotsnion of e chmck o &
horrenatal mestion

* Permit & miser sdjussmes durine sssmbly asd slem dor soEs
displacesans dus 9o defhectbon under opersting loads  withewt
concestrating the lcad cu the end of the ootk

ANTTER GEARS:
Liter gear are akemnical 1o sl pean with the szcegtion that both gean
afnayvs Bave the spme momber of preth
Charscterio:
= They provids 3 wiesdy rafic; other charscterionics are mmilar fo bevsl
Erarnn
= Thev are u=ad 4y isperant parts of comvevors, elevaiors and kb
B P
» (hsr ration iz ahvays 1o | and therefors not used when am apphication
calls fist & change of speed

WORM CEARS:
TWorm sears are wos b0 ranssnit power bebuess two shaft thal ave =t psle
sEles w0 each other and are mos-imersaoing VWorm gears are special pears rhar



resembie screws. and can be weed 1o drive s sears or helical Fears Worm
Eemrng |3 eusepnially & special frm of helics] gearme i which the resth e
bne comuct and the wmes of the drnvng and driven shais are wenslly & nght
aezler and do not intenect

Chermtierisibe:

* In the eeckung of men surernsl Sears, ronamon 2083 im the opposite
direction. In the mething of an nternal gew with oo externs] gesr the
refation poes in b same direchion.

= The meshmg srangement sasbliss a greater load caTving capachy with
mproved safefy (mnce eeshmg et s enclosed) comparsd @
equivalent externa] prare

*  Ghafy gwes peesnie paraflel sad snshls 5 coenpect reduction with ot
in the 5sms seaie. Internal gears ame not widsly availshls s stundsrd

* Than they s wmed witk the pamion, more teeth cary the load thet &
el dissritnned The sven disoritmtion decresdss the predsme erci
and imcresses the hie of the gear.

Allows coenpact dengn rnce the cegter Srtancs 15 ks thes for exterzal
pears Tsed in planesary sears to produce hrge reduction ratios.

= Provides good surfacs spdurance des 10 & coavex profils safece working
EgEN 1 concave martice. Applicstions

*  Flanstary gear drive of high redoction rasios, choiches e

= Limissricens

* Hewsing and bearing spponts an: mors coamplicsssd becymse the exerns]
Emar mests witkmn the imberzal pear.

¢ Lo ranes gre peenitabde and o many cpiss pespeanfhls becasse of
interferenoss

*  Fabricamion is defficult snd anslly specisl tooling & required



GEAR TEAINS
Cragr rain 1= & ey waRsrnisoied Tvetem Eeds up of (wo of Eoge paaps The
mear to which e forcs w et applisd w callsd the dmsr and the final gear oo
the baiz b nhick the Sorce in trammmitted ix called the driven gear Azv zean
ermresn the driver and the driven #ears are called the idles:s. Comearionallr, the
smalier gear is the Finben and the lirger oo iz the Gear. In meon sppbicamons,
the pinion &t the drmer; this redaces ipeed ot imcreases Torgue.
Tvpe of sear taise.

* Sumple pear Tam

» Corpoond pear traim

% Plapessry gew male

Simpls Gear Train - Simpls pear taies have only cee gear per thaft The
Sjmpds segr train = peed nhere there s 3 laepe diupnce 50 e oovesed beraean

the tnput skaf mnd the ouipas shaft.
-
Do =t N 1]

s
Da
i ol Ear




Fig. 13,0, Seemphe g ma.
et &, = Apeed o gear |{or dnvesimrpm,
Mo = Bpood of geer 2 o difven o fedower) b gum.,
Fi= Namber of booth on geor |, and
1% = Maambe of teeth on g 1

Simce the speed rane (or velocity rame) of zear wam 2 the ratia of the spead of
the driver to the speed of the drmon or followrer snd reto of speeds of say paw
of gesn m mesh & the moverse of ther musber of teedh, therefone

L
o e

It mav b noted thar rano of the spesd of the drmven or ioliower 1o the speed of
the driver it imown st tmim valwt of the pesr traim Mathematically, From
ahaie, e ses tha the prais vales B e reegweca] af spesd ratia.

B
p

Compound Cear Traim - [5 3 compoond gear oum 5t eass ces of e shais =



chanses in speed or power oafput are nesdad and there is onlv a small space
bz the e and copul dafls

Compound gear
|

[

IHiveen

T T
111l

In o commpound train of pean. & shoom m Fig 132 the sear I o the driving
e moumbed on shall 4 sspes 2 aed 3 are compomnd sears which sre moasted
on skaft B The g2ar 4 and £ are also compound gears winch ars mousted ca
chaft C and the gear 6 iv te desen geor somevied on thaft D

Lt

¥ = Spesd of driving sear 1

T1 =Tumber of 1esth an driving gear 1,

NI NI .. X5 = Speed of respective sran mrpom  amd



TI T3, Tf = }uomber of teeth on respective prir.
Since zear | s i e wits gesr I eharslore its spesd ratio &

n_T »
M N
Siularty, lor geice ¥ and 4, socod 1 1
By _ Ty ,
= Ty i
ad Zor poan B o b peod miio &
Nz _ T
— — Tiit
moT fii;
The apeed maiio ol ewpomd gear Tuin i abaimned by mulspliving (5o 2guia;

1018 dral 160,
N -8B T.T T
e O ey O 2 e B N
M Ny M T T Tg
Sikse g T pned Tt miaeded on aee shat 8 themions ) = & Similaly pean
o e 5w mummicd v dsedi U thenefone Ny = v
N Lol
By TxTxl
I
_ Smied v W freola e Poodedl @] B st o e la oo Ha i ceet
ipean rarty = veand Al m e e TR e Al e e e
iR 8y [T oy 1o el Bt L
il Tratn Falue = P L L T —

The achastage of & compound trasn cver @ mmple ssar tmin iy that o much
lasper spead redwction fom the firet shafh 1o the ke shal can be obtained with
small gegrs If 8 sieeple sear mwaie s used 1o gve 2 larpe speed reducmon. the last
Eamr bas to b very buge Urmelly for o rpesd mdaction iooeocsesof T80 1, @
simple trais i oot wed sed 4 compound Cain of worm gearine ia emploved.
Moz The pears whick sresh maict have the same covular pitch or modake. This
e | and I oo have the saee mnodule s they mesh togethar. Samilaly gaam
3 and i, and pesrn 5 and § pmst bave the same module.



Flanetary Gear Truin - A plinstary transmis<ion sysiem of # & also mowm e
eppevrle svesses 1y coms e pormally of § cenvally piveted Qi mess 4 FRE Beay
and several planst gesn which rotess benwean thesa. This sssembly Concapt

. PER A8 (0 e asiranomscal sense e plansts rotae anound o Sus

Beverted Gear Train: When the smes of the first gfar (16 Bra diiver) and the
e gear (Le lean drnvem or fellower) sre oo-axsal, then the gear mam i bwwn
as revarted gear tam. We see that gesr | (1e. fimst drver) dovres the gear 2 (ia.
first driven or follower) in the opposite direction. Since the sears 2 pnd 3 are
mpanted o the same shalt tharafnre they form & compound sesr and (e seg 3
will rotats in the same direction ai that of gesr I The gear J (whick & now the
secoad dfnver) drives the geer 4 (Lo the lat dreen or folloner) n the mame
direction e taat of prar | Thus we 22¢ that in & reverted sear frain the motion
of e firsn pear sed the bast pear 15 hiks.

Lt

T1 = Miussber of teeth on pear 1

rl =Pnch cocle radvms of gear 1,



Kl = 5Spead ofpear 1 mrpm

Sissilarly,

T2, T3, T4 = Humbar of resth on revpective geam,
rl g3, vl = Piirh corle mdii of respecos gesr, aed
WL N3, K4 = Spead of pespertive sears s rpom

Simce the distance betwesn the cenfers of the shaflz of gears | and 1 8=
well a3 geam 7 amd 4 i5 same, thareiors

rflel=rd=pd @

Alsa, e circulsr pirch or modele of all e m=ars s sssumad to be saeme,
thegefore mumbsr of reoth on each gear & duscly propernessl o =
RO oF rdm
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Produrt of the mumber of teeth on the drivens

Jpeed Katia =
s 2 Product of the mumber of teeth on the drivers
N nat .
of T = f_unf.-. )

From squetions (1), (i) and (im), we can detarming the sumber of teeth on sack
gear for the snen centre distance, speed rarin and module oaly when the
pamber of Gear Train Pags § of 13 reeth om one pear 1= chosse seturanly. The
reventad gear owing are wied o sUlewere tramismion:, latke back gean,
indnstril rpesd reducery, and in clocks {whise the mimse and hour band seafh
are co-gmal)

GEAR BEATIO
The raties of rieshes pf teath om Bear ih that o B pinien & calbed seos ratis.

Gear Ratio= T
1

Whars,
T= Mursber of teeth on sear
1=Number of t2eth on pizson



RELATIVE ADVANTAGES AND DISADVANTAGES OF
VARIOUS DRIVES

ADVANTAGES AND DISATWANTAGES OF EELT DEIVE
Advantages.
= Beh dewves am sizpls s sconoescal
¢ They dos't seed parallel shafts
= EBehiz drives are provided with overicad and jam profecton
* Mease and vrbranon sre damped oot
= Machisery life i increased becanse load Boctuations are shock-ahsorbed.
¢« Thev are bobase son-fres
+ Belt drives ame hizkly efficien i e (up to $8% womlb §5%)
+  Thev are very sconombcal hen the dismmce barwesn chals i very lags.
Disadvanfuges:
* In Bel defves smeulsr velocitv matio i ot pecessasihe constant of eomsl
t0 the rao of pulley diameter, becpmss of dlipping and soerching
* Hast huldup ocomn Spaed in lamited to wrally 35 meters par sscoed,
Povorer franersies som it limied o 370 kilooratts,
= Operating temperermes are by resmoed o -35 w 85°C.
Somme adioetment of camter dstance or wie of an dler pulley & necesiary
fo wearing and stoching of balt drive compentstion.

ADVANTAGES AND DISADVANTAGES OF CHAIN DRIVE
Advamiages:

o Thev can be wisd for both baag aad short dissances

s A seywber of thafty and be Sree from s single chan

¢ Thev are compact i have small overall desmsesions



Thev do a0t pressnt fire havsed
Tempsrumrs and amirenmenial conditons do not 3ffeo ther workmg
They do ot requeye initis] tenvioa

Thev kave very bizh sfficiescy (up te Sd%4)

They do mes thp

They are satier b tnvall

Thev can wahsrand strasive condmons

They con operade T wet conditinny

Dsadvaniage::

They can't bt izoed rhere 1Ep ix the rvsem requirement
Thew pequire pracise alieamees ¢ompaned b0 bek drivey
They raqums frequent lubmcation

Thev have lets load capacity compared with sear drives
Thetr operation & Bolsy &nd Cin CHISS TReEloes
They e mot roiable for non-paralle] shafix

They requue adummanes for aleck like iemioning dewice

ADVANTAGES AND DISADVANTACGES OF CEAR DRIVE
Advamtages-

B uaine gess fraine largs velociry patio can be obtired with senimies
e,

Cesm are mechamcally smoez 1o kogher Joads can be hifed.

O mre wead fior massmisson of lanse HE.

They are used fr mansEwomg mooon weall camrs dismmoe of shafs
The are umed for larze reduction in speed and for tramomission of torque.
{(rears requize cnly bebnication, ence less mumtsnanoe b regumed.



Tsing ssar sysieiss We Can HANSEwl moton benwesn Bos-paralle]
inrerseciang dhafls

Thery ere wmad for portnoe drme, 10 B velocity retio remems constant.
They baye lone Efie 10 the sesr cvsiem s very compact

Dsadvantapes:

They ere not ruifable for Lirgs velocitie:,
Th=v are faet saftahile for ranspties makion over 3 lirss dissees.

Dezs 1o the sngagerment of toothed whesl of gears, some pan of macking
may gt permanently demaged m cane of sxosssive boading

Thiey hanve me famibiling.

(s cpsrIaion i BoirT,



CHAPTER-3
FLYWHEEL

PRINCIPLE & APPLICATIONS OF FLYWHEEL

FRINCIFAL OF FLYWHEFL

A fwleel 5 3 mechancs] device  specfically  designed w0 efficemly
wore oofatioasl emergy. Flywhesh reain changes = roisnocal apesd by
ther mo=ent of mestin. A fhwhesl ja fited on the crack theft of enziwe As the
fivwkee| poszs wirh the crank shaft o shoots and releses emergy which &
proportimal 1o tha square of & recational speed, Fhywhesl acis 05 am saargy
mesenvodr. Whenever the epsrey availihle v m excesy than che regmiced one &
shmorks the enerpy an when the svaiiable snergy = s than & reguirsd goe d
raleases the amergy. When the fhovbeel sboorks spergy & spesd moressas and
whan & relasses anergy in speed deceies, thin coozn ot bewit oocw SunmE @
ol




AFPPLICATTON OF FLYWHEFEL

Flymbesls srs often mad 1o provide cominnsgs powe oulpl | svasry whes
the emsrEY Gourca i pof connzmous. For exsemple, o flvwhes] & wed 1o mmoots
fast azpule velocity Suctmason: of the crackehaft in 3 reciprocating emzme. In
this ssse g crasbohsft Sywhesl mores sasrey when tongos i@ ensred oe it by s
fimeg paston. and renems @ oo the paston to compras: 4 fresk chaepe of air asd
fosl A fhroheel may vho be umd 0 npply Esermitent paber of men o
powet levels thae exceed the abdlies of i ensspy source. This = achisved by
sccmmmlines enspy o the flvmbes] cuer 2 pened of tme, & 3 e it B
compatibls wxh the eoscgy source, aad then meleanmg smerpy o o mach higher
mate over a relatively shor time wchen # is needed For esample. fyvahesls are
wsssd in power hamesrs and iy sliae mackine:

TUBRNING — MOMENT DIAGRAM OF FLYWHEEL FOR
DIFFERENT ENGINES

It i the sraphical sepreserestion of the mowine moment of crapk-sffort for
various posmons of the crank I iz plooed on Camesian co-ordisstes, o which
ths TwEing momean & faken a5 the orlinats and crask szgle & abscisma. Tha
turming momenr diapras: (ko kaons i crack- efon diasram) B the maphical
repressamanon of the MUREZ moseel of orank-=Ton for varsus postioss of the
crak. It 5 plored on Carmsmn co-ordmases, in which the numg momsnt @
taiven @y the ordingte aned cramk snele 30 ghacissa

Followmg figurss show the mrmng meman dmgrasy of diffarses sogmet
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Terniss moemest diagram for foer siroke smele crlisder 1.C. Enzine

FLUCTUATION  OF SPEED AND FLUCTUATION OF
ENERGY

FLUCTUATION OF SPEED-The differsnce betawen the maximum
and ponimem speeds dusine 3 cacle i called the mazimu= Auctotion of
paed.

Fhateation of speed = (4 =2 n
Tikers, X - mairwm spesd
Nz - mamamurs speed

FLUCTUATION OF ENERGY: It i the diffsrenre betpesn the
masimues and minisom snergy of Frowhesl
Fhrml:imnfq]rtﬂu.:-u:l}nﬂqmml
Mprimurs emerey of Fowheel sln |
Minizmam snergy of Fvndesl =la;
T = moemsans of s of Svwheel = mk



TWhere. m—muss of the fywhes in ke
k- edive of pvestios of fywhesel

o = Mamnes Angulsy velocuy, rad wec
@ = hiinsvmm Anenler velocsty, radsec

COEFFICIENT OF FLUCTUATION OF SPEED AND
COEFFICIENT OF FLUCTUATION OF ENERGY

COEFFICIENT OF FLUCTUATION OF EFEED
I & the retio of mexieeom fecnanon of speed w @ mean spesd The
masimum focsaation of peed & differsace betoreen meizsen amd minEUm
speeds dwing mcycle
Eﬂ.&hﬂnfmiq-ﬂ'_ﬂ:‘_ﬂ.
Wher=
31 and M1 = haxusvam snd Alinmons gpeeds im f pen during the cvcle
3w hoan speed i s pun = (N1SN2)2
COEFFICIENT OF FLUCTUATION OF ENERGY
It 1 thw ratio of marimue uctanton ey to the work doze par orcle.

C,=4AEE
E=ife’
2

AE = Afewwnyn Flocrustion of ssergy 84 spead changes from &, 10 8.



CHAPTER 4
GOVERNOR

FUNCTION OF A GOVERNOR, COMPARISON OF
FLYWHEEL AND GOVERNOR

FUNCTION OF A GOVEENOR

The femcrion of the govemaor & o adjust the fuel sopply autcenstcally wwh e
changs of the smermal load of the disie] engine within the raquired speed rangs
of the disssl snsins 1015 £0 keep the deas] anpine speed basically siable TWhen
the kad oo sm spsine noremssd o spesd decrsasss thesefore B becomss
DECETEAEY 0 morsases S supply of werlong fluid. On the ocher band, whee the
load oe the asgme dacrsasar, iy speed Ecreaae and thus leor working fioid o
requaed. One of the rvpes of sovermot o cesrrifeeal severnor nbch noes sffect
aof cenrifegsl force on moostmg weights drven by the machme cwput shaft
Tegnian it wpeed by alenng the mpw smount of fuel

Trps of overnsn
There are basically roo tvpes of poremmory:
§ Cemtrifsgal sovesnar:
* [eemia povenc
Ths cemtrifizzal governors can by fether clanishiad as illow
1. Fesdulam type—TWaH overner
1. Lowded type —
There are o knds of loaded govenon:
(o) D wreghd type
(k) Spring-loaded npe



2] Dhead weighs fipe.
{1} Borsr Fensmen
(=) Prosil] govarmor
(&) Spring-losdad mvpe
{1} Hammell povenmor

i) Hariunz povernor
(B Wilina-Harnsll goveimes

i) Puckerms peverno

COMFARISON OF FLYWHEEL AND GOVERNOER

TIVWIEEL COVIENOR

1 ol g sed w e S o of serey QrrERS o e 1 pumn e e sl
d & | whron o dmy or s zoend

I Uemsgdy, (rebsl o ehisey pot ol e mabes  Uveema o os g s de Boubest
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SIMFLE DESCRIPTION AND WORKING OF WATT,
FORTER AND HARTNEL GOVERNOR (SIMPLE
NUMERICAL BASED ON WATT AND PORIER
GOVERNOR)

WATT GOVEERNOR

Wit sovery bs the simplest and saviey comtrolled formn of the Cemtrifusal
govermers. [t conaists of oo fly balls snacked e slesve of pegligible s,
The upper andes of oo are prooted so tear im balls cen moss wpoard snd
dorwmward as they revolve with o vertical spindle. The ensine deives the spindls
through bevel pears The lower srms are oommecied 0 the sseves The sheeve 3
ksved to the spandls in sock 3 way tat it revolves wath the spandle. At the same
tire. ¥ cin slide up and down sccordier io the spindle spesd. Too stoppers are
provided o the bomtaes and op of the spindls 1o lmit the movemani siasye.

i
' Fanl ingudsiceg inbis
= (Plassils silei)

f i
|

J‘rTHf

Empjdp T i= !




TWhen the load on the enrine decreases the speed of the ensine and then the
sngulsr velnefty of the sovernar spimdle meregee The contrafesl force on the
ball moresiss that ssods balls mess outward aad seeve move wpoard. The
pward merement of the 1lesve achoxies § mechanism that operates the throgie
vaive & the end of bell crank lever po decresse the Al suppiy. The power
ompur 1 reducsd. When the speed of the engime decreases 35 the load oo the
angime increrie, the centrifigel foroe decreases. The mesolt @ that the mwend
motrvemen fv-balls and donmvard motement of the slesie The movernsst
causes @ wide opsnisg of the taortle valie The Ecrsaze @ the fosl apedy alsa

InCTestes SRS Epaed.

PORTER GOVERNOR

Porier Govesoe i modificesion of Wt Govereor with conral load stiecked o
the sleeve. This Jud moves up and down the cemral spindle. The additfons]
foere moressss the spesd of revolation requirsd 1o snshlz the Balls to risz e sy
predemneanad ksl

Canirochon:

A Porter gevemer has moro i balls nkack are aitached o the ares of the porer
govareor. Thass two smms ane procted o the top of the gindle, Thn mindle &
driven by rhe emmine The pams of the srms jwst shove the By halls e
copgered 1 the cemmral sleeve. This sleeve moves up and down sccordisg w
the movemnsat of the balls Thars are stoppars place in the spindls to bmus the
vertical =overment of the spindle This deeve & corries 8 heavy cereral load.
The Ewvesmenr of the dlesve commal: opening and clozing of the tronle vahe
Workiag:

TWhen the oad of eneine decresses, there will be mdden fncresse in rpeed of
engms gad spondie spesd will alo inorsase. As the spmdis spesd meresse: o
fiv balls alse s redsting soumd the spedie ft The cammifiogal force will



push the ball gurwend making the balls move in upwaed directios Since the
el mmees prweesd | e aepes gles moves upwasd snd the sleavs copssrisd w
the bower par of e an= alio moves opward. Upwasd movement of seevs
sciusdey the throttle calve 10 3 mechintem coomecied £o the dese io decrease
the fiiel supply o e aseine The dacreases in fusl supply decresse the spaed.
Hanez speed it ExiEmEined.
In the otar case, nhen the load of the enzine moweses speed of e enrine
Secreases. Ax fhe ensine speed decreases, speed of the spindle alao decreases
anl cenirifupal force B the balk Hesce the balls come doom with the ams Az
the arms oms dowe, the sleeve commected 1o the arm elio comes dowm aed 1
actuaiey the theotfle valve which increases the foel supply. Dae b0 increase in

sl sgpply, speed of enging sl fnrieaces




HARTNEL GOVERNOR

Ar Harmel] desimped his governsr cioes 1875 In i 8 Sprine-fesded Goveenor.
The function of 3 governor is o regulae the mesn fpeed of o eogis, when
there ane tamiaSons i the load ek whes the load an o engine incresses. it
spesd decreases thesefoqe it becomes necessary to [nerease e supply of
weeking fuid Ow the other hand when the losd on the snzime deoresses, =
mpeed morwmes, and o len workmy flesd @ required The povespor
maematically coptrol the wupply of working funid bo the enzins with the
varving losd condmions aad keeps the mem spesd wishin cemain lmes,

Comstroction:

It is & Spries-tosded Governse 1t ks twe ball crank bvers carvies the v bail
&t one and sxd roller smached to the other and che fmction of spring & o
haft are encioued inaide a cosime. The shesve §8 pressed araiss the sprine whes
the cemtnifugal $rce on the balls increases. Do i spnng memum nsoore this
Enarmor cas b moundsd s borsoetal, mrvsmed, {nclmed) posinon.

Party of Hartmell Governot:
The folioormg s the msin parts of the Harmell Govemor
s Frame: This is provided with & wpeins inside which protecss sed
supparts it sed the frame 1 coamemzd o the bell orapk bever which
romases sloag with the b,
o Hall: These are placed oo the bell crank kever whick ia done with
sams sparafed waighe
+ Bell crmnk bever: This 5 veed ™o roime akong witk e kalls providad
om it mod i in connected to the fiems o rotate i
o Nt This i= proved on the top of the faems which usad w adjus the
formz o the slesve



o Spring- This = med to apply the presuoe oo the slese abeasver
required snd this helps to push the slesve downweards when § mfsed
maors thas the requirsd

s Collar This provided oo the top of the sleeve 1o 1uppert the sprins
o it

¢ Sheve Thia wied W movs = so vpward and dowmmand direction
ncconiEng bo the rottion of the bell crank lever attached to it and thix
belps po flow the required amesss of fisd into the emeine when I
ralzad ahove froes e boninm podn

Waorking:
Harmell peonemer is 3 spring coamodled ceamifiszal aovemor, in which 3 spring
controds the movement of the bsll snd kence the skeve. Abosa fig shows s
Hartnell movernor It consists of & frame ‘ceine i wiich o pre oom pressed
bedical spring (= honsed The casies sad spring cin noasee shour the spisdle axis
The spring spplies 3 donmward force on the sleeve through sn adjusshlz collar,
The rprizg force can be adjmted by 3 o provided Twe bell crank Jevers are
pivoted st 00" to the Same sach carrving a ball ut one end a reller 8 another
el The roller frs mio the grooves of the slesve

The 1keeve moves up and doon dependieg on the poverzor’s spesd. TWhen the
speed of the poverecr ensime ipcrepses she ball tends to fv eutward Eom the
2o of the povernor, bu the ball's movessssr = comstramed The bell cramk
lever moves on a pives, rofler and of lever lifts the sleeve wpwsnd ageinet the
spring force. This movement traze ferred 1o the throttle valve tarouzk & sutable
mechanism rhe reuh 1 dow fiel suppiy and decressims speed Then spesd
decresani the e moves donmwerd, and trorh opens @ mors el soppl
which ity in morwony peed



-

Ball —

Bl crank

lewer

Bl i - Seove

Advamtage: of Harmell governor:

. It cam be opermted 52 very huigh spead

" Sealier in e

s Very cheas pesulsnes

* Pre-compressica can be sdjnssed o give the requirsd squltsmem spesd



44 TERMINOLOGY TUSED IN GOVERNORS: HEIGHT,
EQUILIBRIUAM SPEED, HUNTING, [SOCHRONISMS,
STABILITY, SENSITIVENESS OF A GOVERNOR

Heirhit of Governer: [t i the vertical distance fom the cenire of the ball 10 a
paint whers the sxes of the smms {or amms produced) mismmect oo the gpadls
. [f i nnmlhy demoted by b

Equiibriwms Spesd: It = the spesd s winck tee poverner balls, s ., aro

in complete equilibeiom amd the sheete does oof tend w0 move tpwards or
dotvmiaeds.

Xlean sguilibrinm speed: It @ ths speed of the mean posison of the balls or the
ilEEE.

Maommms and mimimem sqoiibrioms speedy The spesds o the maxpmem
afi] eviniernm radive of rotetion of the balls, writhont teadine i move sithar

&= knowE 3 e and einiewm equilitriom speeds mapeanely,

Sleeve Bl [ 1 the vernical dismnes which the sleeve mavels dus to chamss s
spuhbrine speed

Hunfing: [t & & cosdicion @ nkack the speed of the sagme commoiled by e
Eovemmor Sachmtes coetmuowmby sbove and below tha mean speed. It i covmsd
by u mevemar whish i oo steaitive.



Dpchronisom: A Ervernor = b o be mochronois. when the sqmlibriem

wpead 15 conmams for sl adam of rossnon of the balls, wikm the weoorkong mmge
An isochrenom governor will be infinstely senrittoe.

Sobiliny:: A povermor 5 sad oo be sable of ot twings the speed of sngme 0 the
megoxed value sxd there is not ouch kustng. The kel mevsss ocogpy o definsie
poition for eack ipsed of the snsins withis the nodkine ranss.

Sensifivensn: A sovermor & said to be vemuitive when i readily respend to a
amall vanasien i spesd 1may o be defined 3 the rame of medn spead o the
range of ppead of govemor

Mazn rpeed

Senmtivensrs :E.'EH;TI

N

Sensiniangss =
Ki=-H2

The snabdliny and sensxremsss of 3 govemor ars e opposms charscensncs:



CHAPTER-5
CAMS

DEFINITION AND FUNCTION OF CAM. DESCRIFTION OF
DIFFERENT TYPES OF CAMS AND FOLLOWERS WITH
SIMFPLE LINE DIAGRAML

DEFINITION AND FUNCTION OF A CAMI

Cam is 3 mackanica] skement which & wed o delnar e mOprocIong or
mcillsties motion to enother machme slemeed noem ar folower. Cae and
follower 5 8 rvpe of 2asembdy, both works weether m amv mackine sjessar
Cam and follovers we e smiagle of hghar par dus w the b cootact
betumen thar Soee coesplicsted motion: are sasily schinved by cong s
o follewers whirh sre difficulr 5o achisve TWe can say that the cam asd
followsr: @ the mest mporiant part of the meckanizms. The came and
follower combinstion & mosth wmed In iweal combostion engnes for
operating imlet g exbaysr valies, machies fools, primtine copmel mechapiom
33 oa They are perenally mamefarmred by naee de casting milfing aed b
pmchmg. A cam 1 w rosung or shchag pece w8 mechamcal bmings tha
drnves o matine composent imown w8 follower. From a fimctional viewpoint, o
cam-gnd-follower srrapgsment s very sisniler bo the linkages The cam socepls
& MpUE moten (retary motion or besar meotion) and npats 8 esalant Eotcn
{linsar motion or Totary motion) to o fllower.

A eam und Sollowrer are o method of pomvertine fobiry metioe feen  Meear
monen The most well-knovwn spplicanion s in am Eesmal combastion enime,



where the cam and Sllower combimation determines the gpenings times aod
duratedn of the vabves {vis the pusheod and pocker s

Osher spplicanions might be oo indoerisl machmery, megulsting cpening and
“opmckine dwck” 1oy, nhere o oo can be used 1o meve the dack's beak s
make the guack noise) in fact sy spplicanos whers voa wiat 4 farly shen
linear motiox: af @ megular repested inerval Chsmes of cacoler motion to the
trapalatory (ltear) motion of simple harmons tvpe sod tace-versa and cas be
dome by slider-crask mechieim e discussed preveomsly. But now the gueston
armad, what to do when croelar or miery motcs In o e chazged o bmesr
motion of comples nabore or gacillatory motion. This job i well socamplished
by pmachinge past of 3 Eerhapir sl paaikar FRGWR 85 08

DIFFERENT TYPES OF CAM AND FOLLOWER.

Trpes of Cam:
There aré fa Bypes of fama:

« Radial or Disc cam 1n radisl cam, caen profile (chape of cami} s desigs
= mch way by néack followss move az per the thaps of cem or cam
pofile @ perpendicular direction to the cam sxie. Thers i abwans
smface comaol berwesn cam profils and fellowss by speime dorce of
gy forcs

¢ Cyhindrical cam: In cylmdrical cam Sillower sxis aed com amis are
parsliel wo sach other Cylindnical cas i3 ovlindrical shaft on which
pofile mads on cylindricsl murfece by mechinng. This profile & m the
rmoore form and Sllower ba: sorfece coptact with thiv proove. As
eviindrical sha® or cvlindeics] cam b soestes followss move and
enervement of follver Eay b reciprocaomg of osciBsnmg.



[

| ap Follmney Hoopaacaaee by Eodlawer Dkciilane
Figumre 1.5 ; i vlindrical Cams

CyftndmCE Tam

Trpes of Fallowers:
Followers may be classified in thres differant ways.
¥} Depending upes the vpe of motion, L2 reaprocsnng or ascillinng
b) Depending wpos the axs of the motion, ia. radial or offiet
¢} Depending igeon the shage of their cosfacting end with the cam Under
this clizaficeion followers miy b divided o trse nvpss



& Fnife-sdes Follower
= Eoller Follomsr
u  Flst or Mmhroom Follonwr

Knife-mdpe Follower Fnifesdpe follomsss are generally, not msed becausz of
the obvices high rate of wear of the knife edze. Hownar, caom of aoy thape ca
be worked with # Durine workme Soaciferahie e thnmt sxist hetsen e
followes and the zuide

{a) Knife-edge Follower

Baller Follewer- In place of 3 keaf-sdge, o roller o provided st the comtscting
ang of the fllower, hose the sams roller fallover. Tecead of dlidine motioe
berwvean the commacnng surface of the follower snd the cam refling monon takes
place, with the revolr thee the rwte of wesr 13 greathy reduced. [n rodler follower
also, ar in Imife-edse @illoner, sde throed i exested on the fllower munds.
Faler fallewars are sxenapiely mad n satonsry zie sad ofl snpine: Thev ar=
slip wsad in sEcraft sngmes dus v their limwed wear a0 high cam velocioy
Tkile working on the concave rrfice of 3 cam the radiom of the surfsce must
e o Jeast aqual bo the radius of e roller



() Raoller Fallower

Flat or Muskroom Follower: At the pame implies the comactmg end of the
follower ix flag as shown, In ewchroom followen thare i oo side thrust oo the
cuide except that due to Siction at the comtact of the cam and the followsr, 3o
ooty i there will ke chiding morion berwesa the cosracnang surface of the
foflower and the cam bet the wsar cim be comsidsrabiy reduced by off ssting
the xcir of the followery The off-sectier provided comaes the Soliowrer o potais
shee = anes whes the cam rolmi=s. Fla face follower = used whese the spate &
bemzd That & why o i weed to operas vahes of swomokile engines. Where
sufficint space & gruilabie o3 i sistionacy gu and odl esgmer, roller follower
15 mad a2 preppioned ghive The Bal-feced followes is peserally prefsed w e
redler fallower becauss of the comguizion of lavmg o @se & amall dismensr of
ths pin m the rolier of the rollar Snllemvar, [n Sst fllowarn, hagh surScs wrsres
are produced i the flst contacting surfice To minimire these stresses, @
spherical shape 15 prven o the flar snd



(i Flat mr Mashrosm Fellawer

TERMINOLOGY OF CAM PROFILE
#  Cam profile; Cam profils & outer nurface of the dise cam
# Bese crcle: Base crcle is the smallsst circle, dramm tangemmal o the
cam profile.
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# Trace podal Trace poant is & podnt on the Sollower, 1race poist molson
Jaarpbes the mevamsnt of e fallomer

»  Pifch curve: Prch oo i the peth genereted by the trace poist aa the
felloues & rotated abouf o stsbonery cam.

# Prime circle Prime cieche 15 the cmallea ciecle et can be Srawn oo 38
o be tanpentiad 1o the pichk curvs, oih @5 contre & the cam cenim

o  Presvere angle: The presmre ansls i the anghe between the dorsction
of g fnliower mevement and the normall 1o the phich corve

» Pitch poist: Prch point comesposids to the pons of merinnmm pressan
amzle

o Pitch cirele: 4 circls deswn fron the cam comer and passes tronsh
the pach point is callsd Pack cicle

o Sireke: The rreatest distance or engle theough which the foiloner
EndrvES o Pofanes

DISPLACEMENT DIAGRAM FOR UNIFORM VELOCITY,
SHM. AND UNIFORM  ACCELERATION AND
DECELERATION.

FOLLOWER MOTION WITH URIFORM VELOCITY

Fianise balow shome the daplarsmen valneiry b aocelsraion pamsms of 3
fedlower baving wmifonn welociy npe of motioa. Smos the followsr moves vith
comazant velocity, during riss and &ll, the duplacement varies Ensarky with &
Also since the velocity chanses fram sern to & fimite valoe, within po tene,
mzeqencally, the socelermon becones mfene gt the bemanmg snd sad of nee
and fall
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Fomlower Motien with Unifoms v dociey

FOLLOWER MOTION WITH MODIFIED TXIFORA VELOCITY

It = observed i the displacement digsrams of the Sollows: with mmifem
vebectry that the socsleranen of the followsr beromes mfimde ot the beginnng
and epding of s and refurn ke Io oeder to prevent this, the diplacersent
disgrams gre slishily modified In the modified form the velocity of the
followser changes umiormly dunng the bepmamg and emd of each swoks
Accordingly, the duplascsmant of the foellowsr vamas parsboboally during thess
pericds. With thiy modification, the accelaration becomes cosstass during thess
pericd. menesd of bema efieie 5 m e wifees velocity tvpe of Bones The
displacameat, velecmy and acceleration patterms 20w shown & Spare below,
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Follower hlateon with Modified Uniform Vebeiry

FOLLOWER MOTION WITH URIFOEM ACCEFLERATION AND
RETARDATION (UABAD

Harz, the displaczment of e follower vanes parsbolically with respect w
amrdlar diplacemens of carm. Accoedingly, the velecity of the fllower varies
miformly Wik respect B0 aneulsr  Ssplacement  of cam  The
sorslernon/retardanon of the follover becomes commtam acoordinglv. The
displacamwnt, vwiociy axd accelaration paterss are shown = Srare below,
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Folkywer madtion with uniferm scceleration and retardation

FOLLOWER WITH SIAFLE HAERONIC MOTION (SHAL)

Is fig 5, the motion evecuted b poist PL which & e projectson of point P oa
the vemical dmmeter w called sanpls hsrmonc motion. Hers, P mwoves wil
wmiform szpuler velocity eop, slong a ciecle of mdax r {r=1/2)
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CHAPTER-6
BALANCING

NEED OF BALANCING, CONCEPT OF STATIC AND
DYNAMIC BALANCING

KREED OF BALANCING

The kalsncing of rofbng bodi= = iEporam o svcdd vienton (8 keavy
industaal mackizes sech 37 ges nrbmss and slecinc gemsrmion, witestion can
came catwrophic failese. gs well 83 noie sed dicosfort Tn the case of &
parrow wheel balseriss simply imvelves meving te comer of pravay o the
cemer of rosstion. For 4 syssem o be in complets balamce both fosce and
conple polvpom hould be closed in order to prevent the afect of comrifzal
fisere. TF proper balancing s not done then wear snd war dons 5o 1o svodd wesr

& tear and for high production proper balsecing i done.

CONCEPT OF STATIC AND DYNAANC BAT ANCING

Semtic Balancime: St balimce coows when he cemer of graviry of aa object
is on 12 &m0 of rotnen. The chisct cae thersfore mepan ehonary, Wik the
i horivontal without the spplicasion of any brakins face [t haa no bendency
t motate due o ke foeve of meavity. This i sesn i bike whesls where the
reflecove plas is placed oppostie the vabee 1o dismbas e ceneer of eus w
the comer of the wheel

Dwnamic Balancing Fotamg sheft unbslsnesd by oo idemncs]l amached
waighsn, which croms & coumterclocknme cenirifugs] cowpls Cd that e ba
resisted by b clockvrine codple FI = Cd exsried by the bearines The fimae 5



drawn fom the siewpoint of a Eame rotafine with the shal hence the

comyifies] foaces,

A rousting svetem of muss & i dhoaec balance when the potstics: does not
prodace mmy nesaltant centrifnes] foere or couple. The sybers motstes withoot
requiries the applicanion of any extsmad fogce of couple, othsr than that reguined
10 nEppet its walghe. 1 8 svoes i3 inineally unbalanced, o sveed the sess upon
the bearings carmeed by the centrifogsl couple, commerhaancing weightn moat be
acded This is seen when a bicvele whesl pets buskled The whesl will sot
mocace (eself when saiessry Sue w0 Zravicy 22 B &= sl sancally balanced, b
will ot rotute emoothly o the confre of macs 15 8o the nds of the ceste beaneg.
The spokes an a bike wheel need 1o be tuned in erder to spop this and keep the
whee] pparstes 51 effivissaly as posaihle

INTRODUCTION TO BALANCING OF ROTATING
AMASSES IN THE SAME PLANE AND DIFFERENT PLANES
(SIMPLE NUMERICAL)

INTRODUCTION TO BALANCING OF ROTATING AASSFS
It i pazssnount o bakance 3 morsnng device both stanically and dynamically 1o
slmirate copumon parfonmance peoblems such 25 wibretions, nos2, and best
wiich muy conse ryvbem: failire
The Sollowins chues aré fmportast Eom the subject point of visw.
o EBslsczgof 3 sngk mostmg =ais by 3 @mgk mas cotanag mthe
* Balsnoiss of 3 single rotsring moss by (o Masses pOlsles n
diffarsm planss
o  Balwcier of Severs] Ansses Botating in the Soms Flane

# Balmcisr of different masses rozaning (0 differsm pianss,



Balancing of a Single Rotating Mass by & Single Alavs Rotating in the Same

Flans:

Conzider 3 disnarbing mass i amached w0 3 shafl roteing o rad's

Lat 1) be the mdins of rotwticn of te mass m, Wa loww thet e centrifegal

forre axemted by fhe mase m oo Be el Fy = B &l f
(1)

":E_ _______ I
& h

Y T eeT—— —'_Tj"l.i of Fallaies.

ﬂ".__ _____ _.,:_:Ni‘ﬂﬂ‘l'ﬂ

Thin cetrifees] force produces bending momenst on the thaft = opder 1o
coumparnze the sy of this force, u balime e mass (=) may be peached o the
sarme plane of motanon 23 that of disvurbing sz (m) soch tar the cemmifogal
focrer due to the tro maress am aqual end cpporite. Lat 1o = Fadim of roaton
af the balancing mses m;, centrifazal fece doe to mess m,

Fo=m.o'.n (i)

Equating sqaations (1) sad 3],

m;. & rems al

om. b =m
Estancing of & Smgle Ratafing Mas by Two Mmses Rotuting in Diffarent
Flane:: Iz this casn plaze of distrbing mass lies in betueen the plane: of the
two balascing maiies,
Conzader § disezbang mass = belsnced by oo rotimg macses mo and B &5
thomm e Figure



Let e, £y and 12 be the radii of méaton of the mysses m. =, and o respeceively.
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The met farce sOing o8 the shal® muss be szl w0 2500

Fe=Fa+Fq
ool rem. e n e m et
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O m w1 =y 0

e in order i find the mapninde of tabiacing force ot the bearing B of
& shatt, taks moment abow A Tharefors

EwimFauly

ma'nel=meral

mn=l=mr=k

Simnilarly, & order %o find the balsocizg force st the bearing A of o shadt,
lairs pooments abom B Tharslon

F«"."Ht=FI'J;I

menel=me el

mef=]l=mpal

Balancing of Severnl Masies Kotsling in the Sams Pline

Lt us comader fowr masses =), M, & 30d ms ngudly soached w the shaft and
mvohing sboot the axi of the thaft The comespondmg redil of roistios = 1,
£, Bamd, Let @, 6, Beoand 8 be the angle of these mapsses ootk the horisoessl
hne O3 Lat @ be the sgaler veloczy of the shaft inrad s The magnirnds amd



position of the balanc e mass may be found out by two meshods; (i) Amalytical
mathad and (1) Grapheesl seed g2 dismpessd bl

1. Ansbytical meibed
iy Fisd ou e comrifogal foroe anemed by ench mam on the soesing dhal
ili} Mewsbve each fver borimtally asd vertically (¢ @ find I ad XV,
A o i e for sach mam.
D = oo B 4 moryaom By & ey con ) ¢ gy oo

Simelariy. IV = oy i By & mory il By & iy il B & & myry am
) Magmitade of revabe corerifigal force
F o= W+ IV

invi B ¥ i o angle. which the prabony fore moke with e Soneeisl. s
mi = H
N
Thesefioer the sngle of Salancng muss with the bovpsessl & = (0" &
iV The bulecing force s ogaal 0 e ressltam force, bee in oppenie direcaen.
ol Now, Bl ol dhe mageiade of hebwcig mas, sch =
F=mr 1o v i e

whewe, m = ik men o o= B i of oeson

L Graphical medhed :
u']ﬁntiﬂiewhnlhhﬁld'MMlh-ﬁ.

() Find ont the conmrifognl force: exestod by eack masm of e potating dhail



() Nirw, drew fhe wechor dagren with the olenaal comrifigal foree ach e ab roproe
cenmifegal fore mﬁhm:,mwit;ﬂtﬂunm-ﬂnﬁ
Sienilarly, draw be, of and de mpreseniing cenrilupl forees of ooy manaes, %, W
A

i) Mow, w per polygoa lw aof Fartes hdmﬂuwn#hi
mugeinde and (reton i shove W P

iv] The balancing foeor s then oguil i e Feulla foee, bl (0 opponite dinectien.

i) Now, find oue the magisde of beliemg mass (w, af & gven radhs of oacm 16,

i e

= rewint cestifopal force. F,
itf o = sl of myry, myry gy od ngy
L | rr = Rorsio vk o

Balancing of Seversl Masse: Rotabing in Different Flames:

Let us oonsider four masses m), M 5 and me revelviaz ia plases 1 1 3 pad 4
reapectnely &3 shown in Figure (3). The relamive segulsr posmons of thess
masess a9 abowm in Figurs (k). The sugzamde of the balancmse marme e, and
iy i plamed 4 asd B ey be obimingd 4 diseassed below:



=y oy B ATET R
DEE® AP G 8~ _."!ﬂ
LY *_-r_-'xlﬂ":
Nz
. ‘ﬂ_r"i"h"- ' E'E,El‘;!"'-'_'n
Ly g T
:#‘?E"__ | .,m. .I.iﬁ
=’ o™
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(6 Comgle polygon, () Foree palygon
1. Take one of the planes; sav A 32 the refarence plans (8
2. Tabealsts the dais 35 shows m Tabls: 1
3. The couples sborm the referencs plane must balancs, is the sesaltant cotple
s e ZErD.
Taamgr | costh b nelocosdy =0
T T —

The forces |n the refersnce plane mus balsnce 12 the resalant force mus) be
=

Thomr cosdy dmry el =0
Zlymyrsing, +mur sing, =0



Exomple: §
Fow messes . s, onoand sy e 300 kg W00 kg 240 ke gad 200 ke
respechvely. [he comsiponding medn of rotadien e 0.2 m, 015 me (035 mand 0.3
m respectively and the anglen borwieon weccasnve masses pre 457, 757 and 1357
Find the position and sagnicede of the balance res requived i o8 mdis of
rotanea s 0.l m
Talution
lea = Anlencisg ms, ol

0 = The angl: which the bakincing ms makes with .

% Amalytical method

T = K3 myx cosfiy
TH = 8} poskl) + &5 ol S = Blb pos 1 20+ TR eoalas = 2| & kg m




Na. o Cewivifirgal force + ol

_wmwiner Mo iyl Rodee oy dngheideg) Ag
! 20 032 o dir
| R i 45 45
i 240 024 I 0 Al
i 2 03 55 ™
5 i [ 13 [] [T

IV =X,y sind
LV = i uimll 4 49 dindS - 60 usl 20 - THand53 = 43 kgm

fo=J(2163.2 F + (B35 = 1331 kg.m

Fe=mer, 3 =dlem m = | bk ki,
_ \ -
m'El—-r_; e i B=213

Emﬂhmutjtdmbjmimtlﬁuulhnhﬂmﬂmdm#,
th refives: shar sl oo thie halanging wasy feen the horieaninl mpss of 200 Ly,

il = [RO" & 7T 44% = Ji}| 437 A,
Ewarmpda:s ¥
& shafl cowries Foun mmsaes A8 C and £ of imapaiisde 2000 Ly, W0 kg, 200 kp
] 200 kg respeebively wnd revolving s rsdsl BGomm, 70 e, &0 omm gl 880
s i pelanes sl frons & ) 300 mm. 3060 e gl T mme The angles
betivess the crasle menaamed seiiclociowize ane f 1o 8 45° § oo O W amd o
£ 13 The halencing maszes are o be placed in planee ¥ and ¥ The disaence
betwess ihe plees o and X s 100 mm, between & asd ¥ois 400 mm and
betwicen F and £F ps 2040 room. (1 thee hatancing masses fevolve ot & s of 100

s, Bnd their peznbudes and angular posibons



Pl
iy - e ips | el | smedips’

) -] il ‘P ] -

F e £ 1] . | | 1.
Py - il iomg ¥ [

r L] L i 41 al L+

s g o b ki } wl L}

r -y oy LEEN L] LT

B b (7] 1] ik e




