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03 | Power Transmission 12 25
04 | Governor & Flywhesl 12 15
05 | Balancingof Machines’ 08 15
06 Vibration of Machine 08 I
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TOTAL 60 110

INTRODUCTION TO THE SUBJECT

# The subtect "Theory of Machines” may be defined as that branch of
engineering =cience which deals with the study of relative motion
between various parts: of amachineand the forces which act on

them.

# A machineis a device which receives energy in some availanle form

and utilizes it to do some particular tvpe of work.




CHAPTER NO.- 01
SIMPLE MECHANISM

Learning objectives:

1§ Imreduction

il Link Kinematic Chain

.2 Kimematic Poir. Lower Pair and Higher Pair
For oo Il miechaetizwr aed 1o osersion
Com ared Follower

L0: Introduction:

We Enow thst = machme = = devics nlnch fecernes eparsy I somes avaihble fomeand
traneforrey f mis sooe wsafnd work 4 nachme corsiss of 3 momber of part= or bodzas In this phogpter we
hiz]] sinddy the machamiows of the varons parhs fom which the sochine & 3s=mblad, This & done by
rakin= pne of the pats 3= Gxed and the ralipee minton of othe poris 7 detarminad with respact 1o the
fimed part:

1.1:Link, Kinematic Chain, Mechanism & Machine:

Link or Kinematic Link or Element:
Esch part-af 2 pmches wheh moves relsivs to som= the olbe pat. = linevsm 222 Kisevie [ink oF link
o7 zlemert A bk may conust of several pars. winek @ ngEly Gstenad togsiner. so that they oo pot
move relfT= 1o ona anctes,
# lmdeshenld havs the Sollondss tue cheacenaiey

1 Tt shonld have relsine mohon.

2 It ba = res=tae body
Kinematic Pair:

.

$ou- e,
T, L B

The two [l or slements of 2 machme whan m comtacrt with each cther. e sad to form = par Tfths

e e medon betweon them = spmpistely or smresinlly constramed (18, m & dfintte dirstem), the
par o e = konemete e
Example: putoa & cyimdar; tatl seck & lsthebad. e
ic Chain:
\%.ﬁhﬂm:ﬁ:ﬁﬁnm@lﬁzﬂh;myﬁﬁlﬂhhlpﬁﬂ!mthfﬂilﬁmw
defimitzmition (= completslr or surcesshlly condramed mashionl. 2 & c3llad & Gnoviiic chmn
OR

£ remErn chor ey be defined 33 3 combsnatos of omemnate pars, somed m such & way st sach nk
form= & part of two pems and the relFme mohon betwesn the imld or slaments = completaly or

cmaully o
Mechanizm:
When ons of the hede of 3 bnemahy: chan = Gxed, the cham s fnows 2c mechamon, oy be meed for

¥ Amechamzm veeth fomr imkes 2 kmowrs 23 sampis mscromEm
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Aachine:

Whsn = mechswm = repures totraam-powe oo 26 sowss pertcnlariyes ol woiE. # than Becom=:
-3 maciong In soch cases the manows bik= o elemens ks 1o be dasived to withstand the forees
el

1.2:Inverston of Mechanism, Foor bar Mechanizm & itz Ioversion:
Imverzion of Mechamizm:

The methnd of chtzinms differemt marhamems by fnme differenr fnks m 2 bmomsne cham = oum as
TR o M

Four-bar Chain or i Chaxin;

mmhiaﬂbﬁ'hmmdmuim-hg@maquaﬁ:qﬂm&mﬁim
ks, s ol tem e atorminemer st A B Cad D

ik

[8:% 1.1
Erarik

.
3 i_.r'"
O_- .
.fr'. L
1-;/ -.
7y o J'Ei

— In = fmr-bar cham, one of the nds (the shortes Imik) will makce = conplets revpluton relstre 1o
the by fhres hnbs Soark 3 T = Fromn 20 ook or drpeee. Inthe e Imkd (50 m 2 ook

— Th= Ik 2 (B0, wick mikes 3 pata] rotsien of sscillat= 5 brovws z:-leva o wocker o
oliopg=

—% Thelnke 3 (CE, wherk eovmacts tha cranbe 2and =er 1 called eomnectm= ved or conples

—% [hefoed mk L (A5, B nown sz Game ofthe machamam




Inversion of four bar chain:
Thoush there sr= many 1myasom of the four-har chen vet the followme m= mportsnt Fom the sabjact
pomt o aw.
1. Beam Encine (Crank & Lever Mechanizm):
A part of the mecharmm of 3 Beam engme (ke Enovwn 25 oank a5 lessr mechamsm)
whirh sogmeiz of Do nky. = shownm the Dewre

Piston
rod —7|

Cylinder :

Frame (Link 1)

Crank
(Link 2)

In ths mechamon wheb the oank oiaies shoat the fned canbre 4 the levet camliztes showt thefimed
camire I} e epd F of e devsr T B commected o 2 peton rod Which reciprocaies gus i he rotatan
af the zrank

The purpose of thiz mecfewiiom (= 1o comveri rolary motion o reciprocalive malion

Fze= {3




2 Raod of a Locomotive Iz crank Mec

The meckzuem of 3 couphne rod of = oommotes (zko mown az Soubile st merkamsen)
winch gonsists of fror fmies = shonnm the femre

Wheels
Link 3

Inthe mecsamwem. tha fmps A7) and ST (avms equst lessths) sot-asoranks and ars conmectad b0 the
TEapectnE wnsaly mjmtﬂ}ﬂﬂmﬁngmdmﬂﬁ&hpkﬁﬁﬁﬁréiinmﬂ;zmma
somiiant camire i confre dutanes botmeam them

The purposs bf 1A mechanizm iz o tranomil rofory motion from oxe wikeel 15 the einer
whee]

1.3:Lower Pair & Higher Pair:

Arcordms 1o the tvpe of comtact between the Ims, thr.l:u::u:ﬂ:::.gnsm claszfied o tao yoes:

1 Lower Pair When the fwo daments of 3 par ke 3 srfecs copiast when relstrre monon
takes placs and the szfacs of ove clement abides ooer the surises of the ot the pax S
= don 35 iwer JuET

Exsmple: pxton & cylnder; bithe spndls & head stock ez

Hicher Pair: When fe tno alorenis of 2 pair have 3 line or pomt contart whon ekt
mciion teltes plac=-and the mohon befovssd the slatents = partly tormms @l partiy shdms.
thesthe par = kpown as kizher pair

Exsmple: & pxw of frection dees; topthed semme: rope drmves, gic

1.4:Cam & Fnilmmr:

20 15 3 TolElss machme slement wineh Zres recrocstEs of cscillanme meton fo ansther slarent
kmowe == followsy

—% The zami and Bl bav= 3 line 2onfact md hers comstintza hicher pasr

—+ The camm zv= mmliy rotsied @ umirm spesd by 3 shaft but the fllovw=s mobon = pre.
dstemingd and will be accordime to the dups of the cam

|--|




Fillllﬂr

St

Follooear

Wdsn
shape cam

4&:@351&&%@&@3&&:&&3&@1‘?&.5{&?@5,m
atzrhetent of nechin=gss e

POSSIBLF SHORT TYPF QUESTIONS WITH ANSW
Question No.-01:
Ans: The' subjest "Theery of Machines” muy be defined 2= that braneh of engincerms scisrwe which
deals with the study of relstive mohon between vaous pats of 3 machne and the foaces wihich 2ct on
them

fion No.-02:

What i Emetnatsc link? [8-2009/15/1613/19]
Ans: Each porf of 3 moohme. wineh e relaive 1o s0ms the other part = own 35 3 Smemaic link

gr Imk gr glemigny 2 |mk oy comard of sevesl pards wheh e r@i@&ﬂr_ﬂ.edm_m:’ﬂﬂ g0 that they
gonot muee relgine o one anoths, '

mﬁmﬁm—m:
What sre the charsctermtics of 2 Finemstic 1™
Ane & ik shonid hve the llonrine tue chaactsnshio

1 It =hoold hoss relsine motion
1 1t romt be 3 resistant body.
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Crnestion No.-(M4:

Defing kirtematie Pair [5- J008°19]

Anz: The two links or elamenis of 2 machmne whas 1= comtect with ssch other: zre sz:l to form a par. I
the reletive moten betivesn them w compistely or spcessfirity soomtramed (13 m s gelfivate divection),
the parr &= knovmn 2= Emamatic pair.

Qmﬁnn.ﬁﬁ.—ﬂi:

Deefine lowver par and higher paic [S- 2007/0911/12]

Anx: When fhe two slomsspts of 3 e bsve 3 unfas soniat when relsine mehon tiices plers e ths
zurfsce of ore slement zlid=s over the anface of the othe, the par formed = nowm == Jowes pair.
Exammle peton & ovimder; bathe spmdls 3: hoad stoek e

Whan thetwo elsments of 3 par e 2 lics or pomt contsct when rsistree tintion taivea plas= and the
motion betywess: the slemepts = parthy nonmg zod partly slime they the por = bnonm as lugher par,
Emrgﬂsﬂgﬁefﬁ‘hﬂuiﬂ:hﬂhd =xgrime Tope drves, s
Question No.-06:
Define Inversion of Mechamsm [$- 200607]
Anx: ‘The mefhiod of obtamms differsrd smechumisms by foms differet finks = 3 et cham =
Iaiies: = Droersion of mechorone
Crneztion No-07:
Define Mechanim  [B-200710 18]
Ann Wher ame of the lnks of 3 Brewste chen & fred, the chain = boewn 2= mechaneow Irmsy ba
i for framemittn= or s fmens mabon

ion N o.-08:
What 15 machine? [5-2000]
Ans: A swachine & 3 divice which receives ansEy i sorhe raibible Sorm md utilizs it &= 4o s

Aceordine to Theary of Marhme when 2 mechamsm & requirsd to tranemtt power or to do-soms
particele tipe of wotk, 1t than becomes 3 mesbing In snch ezszs ths vmom lmis of slemants beve to
be dasizred to wifhstand the frres sy

POSSIBLF LONG TYPE QUESTIONS

1. Defms four bér cham Skeetch and explam any two mversions of the four-bar cham
[5-2006/12/18617/18]

2 Witz shorinotez on
(1) Cam & Follower [W-2017/18]
(i) Lower Pawr & Higher Paw [5- 2006:13)

Fee= {8




CHAPTER NO.- (2
FRICTION

Learning Objectives:

2 I Friciion Satwesn mur and zorew for squers tread & Seraw Jock

2.2 Bagring vt 1z Clamificowion & Descripiion of Roller, Needle Rolier o ball bearing
43 Forque ravamizsion in flat pivel and conical piver bearing

24 Flm collar boarme of single avd mudtiple npes

2 3 Torgus travsenission for sinzls and mulnple clutches

2.6 Workingof siwple frictional 2rake

2 7 Working of abzcrpticn lvpe dinconomisier

2.0: Revision of Topic previously taught (in Engg Mechanics of 2™ Sem):

1. Definition of Friction:

The opposms Srce, winch sci= m the opposte dwechon of the moten 3= called the Srceof
beton of aenhe cten.

2. Types of Friction:
In e=neral, fraction = of the nvilowme tipea:
2 Shabe Fncton
b Erranns Focien

1, Limiting Friction:
The mammmm tains of the inctoes! fBree. whaeh cones meo play, when = body mst b=zme
tor ahds o the Eﬂﬁ:ﬂ_:}fth&ﬁ.’g'#cﬁf;uimmz it Sce af - fetow o swply
i ks :

4. Co-eificient of Fricton (u) :
It =-dafined == the rafio of the lmwimg frictson {F) to-the normal r=mctam (o) betwean the
twobodi= I edenalad br .
Asthenptrcally,

2. Angle of Friction (@)
mamEi rescten 5 called anele of chon

6. Angie of Repose (a):

Tha ommimomn anels of ths plane st which the body kst on & starts to shd= dios 1o & oam
weists & callad anzi= ofrepose

Fziz | &




'{_ ;-l-." o y ,
& ;";}ﬂff
TH A
ﬂ'
ﬁ-} _I"' ) * A wWeos

2.1: Friction between nut and screw (for square thread) & Screw
Jack:

Tes fnllowms ferms zre anportant for the sndy of screw fchion:

L. External Thread: Asn externs| thread = a thread on the antaide of 3 member

2. Internal Thread: Anintema| thresd == fhread onths msids of 3 mamber

3. Prich: The distance from = pimt on- = screw thread to'z correspondme pomt on the ‘pext
thread mezsured paallsl to the soas.

4. Helix Angle: Tt 1= tha zlope oo melinston of the threed with the hormems],
Mathematinally,

Laad ef sorae
EFEI'.:_'FTHEE?,I"FE"F-F'
Liead: It = the dutance, 3 sor=w thread advamces sxilly in one tum On 2 ringle threadad
yerew, tha laad and pitch #re wenticsl on e dowuble thranded serew, the izsd n too tomes the
oitehe on & tripis-headed yorew, tHe lezc = three fomes the mrick sic
6. Depth of Thread: The distance between ths crest and the base of the thresd mezsursd

nommsl tothe axs:

g =

Screw Jack:

it B3 devee, fo7 Witmg hasvy loadz- Dy IpphynE 3 comparstroaiy onaller=ffon at s omadla

W
Head - #"'—F —
X 2 W
o e
p e b Lever
-4

IT T S thweaded rod




Torgue Required ro Lift the Load bv a Screw Jack:

deraloped o wall frm an inclied plns 2= shovm in below Geara:

i @
T \ “FﬁHF Y
__,_4—-"/- 1;:%&* i f Bin a
P E Lo F
|"i'—- il —————» Jﬂu 1W|‘.‘ﬂﬁu
Wt
ﬂn“

Forces acting on the serew

Development of scraw

p=Patoh of the screw,

d = Meap duamater of the serew,

e=Helx anzls,

B =Fffort appliad 2t the comumferancs of the sorew to fift the load.

W=1zz3d tor bz liffad zpd

il = Coaffirant cffrirtion betrrasn the seréw aed it (= t2n @), nitera @ b thefeetinn #esie
From the zeomstry of the fizare {127 side], == can writs

P
[Ag = —=
' ug

Sincs tha pncple on whisth 2 strewy jacle weeks i= simmlsr fo et of an inclined plins thaefins the e
apphied om the byer of 3 sovew ek may be comddersd tn be horeronial 3 shomm ahove feove (it s

Sincs the logd 1 beins lifted, therefors the Eure of frictien (F = . Ba) will act dowmmeards All'the foroes
actme on the srreor are shonwm fne shove fizure (neht sxds)

Eesohums the forces alons the plane,
Poca=Wama-F=Wime-p B —11)
und resolmng the frees papandiculs to the plane -
R =Pane=Wooza —2)

Gubstiimme the value of B m equateon (13,

Feg= 1 48




Poszo=Wunn=uPina+Weera)
Possa=Wmma=gFana=uWeoza
Porsg—yPama=Wane=yWossa
Ploscg—pmal=Wisme—peoza)

one 4+ ueosa

P=

oS — Umnea
sutermpme the caive of ¢ =0 ¢ mrihe zhove sguation; we g2t

inaTEngcosa

F=W x -
COEE —On@In &

Muitiplrme the mumerator and dencmmator by cos e,

ENGrESE S Ingcoia
0083 OOS & — ST £ ST, o

FE=T x

e, TRl ) .

=P =Waan(a+ @)

Tozqus required o overrome fecton betwean the soraw snd mt
Ti=F={d72)

Ti=Wtm{ oo} = (47}

When the axol loas & taken op by 2 threst colleror 3 G2t sorfece, = shown m zhos= fizwe, sothat tha lnad
-ﬁgﬂ.ﬂ:ﬂﬂ:ﬂhtﬁ&.m.ﬁsﬂmlﬂmrﬂuﬁﬁhnﬁaﬁmiﬁﬁﬁmlﬂmmﬂq

Tr=w X W= |_F..1—-E.;Ij
T:=F'i ¥ E‘-i R
Where
s Booznd B = Ohtode and mesde eadn afthe cofiar
s H=Msanmadms of the colis and
« p; =Coefficenf of friction fior the-ofar
~ Totak ergns required to overcoms frichion (1= toretate the scres),

T=T+T:

T =P = (d2) = {uy « WeR)

Fags 112




1y =t P, & appled 32 the end of 3 bevar of Jrm lenzihy [ thes the tial forgue raguired to sveroomes
Firtion mest be aoqmal to thotorgrs spplisd ot the =nd ofthe lever. ic

T=Px(d2)=Pr =]
Sumerical Mo, 01
An alserric MCICT-AFTVER DOWEr Sorew mgves g mat in o hortrontal plone epairnt g fores of
75 &N at @ zpeed of 300 mowmine. The screw hes a single e tirsad of & mm pich ena
miror digmater of 40 . T cosfficient of friction at the zrew threads & 0.1 Estimaie
pawer of the moior.
.
Given Dhata:

=N =TI IV N y=0mm'mm  p=5 o ; d: =40 mm

gp=mng=01
We kngw that;
mean giameter of sorew, d=di—pa=Sl=8C =3 T mm=00T m

= Foece requured = the omomnfsrence of the sovewr,

2 — 1 4 H_* | SESLESEL 1w et
F=Woenlog+gi=x e =TEXW % = _n_ﬂ_-l_,E 10" N

And_toaqus requred to overcoms fncton,
T=Fxd2=1l 3100037 2=145%m
Wz Eromcthz speed af the sevew,

Spme e tamit :H_
A= F—"-ch,l'-.u.:rn_ =30rpm

ﬂniﬂnplnﬂped. us %: Eé‘--%=’fﬂ4raf_-.
?m-;‘fﬂ'i!m =T w=211 45334 =110 W= L 108 KW (A=)

Torgue Required to Lower the Load bv a Screw Jack:

If an= completa turm af 3 sorew toead by pezsned to be mmiousd. from e bady of the sevew amd
d=veioped o vall form an metmsd plane == showwm mebelow s

Fag= 1 13




P=Effert spplied 3t the coeomiftrence of the serew fo ower the bhad
=1o0ad to be lowered and
&= Cosffisant of fection, batveen the sorew znd mut (= @ng), whee g & the fxtonansls
From tha secmetry of the fipurs (laft side}, we can wits

. _ P
Ona = -z

Emeﬂﬂ_mn:qﬂamﬂﬂmhlmptkwmhemﬂnmmﬁmmﬂmdpm lﬂ!EiE‘l:ﬂ]-F_ﬁIHIE
appliad on the leser of 3 =ovew {20k may be coscadared to ke honmontal 20 chimim ghose Seare

Since the bad = bems Dwered therefoze the fowe of Motion (T = p By wall act upeards Al the forces

Forsg=F-Wamg=pfs -Wmme—1}
Po =Weosa~Fsne —{1)

Supstrimtme the vahie of Ry m efoeton (11
Foosp=y{Weeso—Fuga)l-Wena
Foss=p Wesa-—uPme-Wans
Betp=pFima=j) Weoaa—-Wina
Ploozo=-u=ma=W (i eoza—ama)

pmEg—=ma

=
F. Im_.r:-'#—u.:i:r.:

Substitaiine the valns of o = tan o = tha shovs squation, we ==t

EN @ OpS @ — SR
o= +'EEI.-'IFELEI.E

F=W x

Faz= 1 1d




LR P ODs &+ S0 g ool

P="% —
O A CHs - Ema Smy

Mg i L NIRRT
~ xm[i_ﬂ}_tmw =)

=P=Waa(p —a)

Tomus regured o ot =coms Tittion betwess the sosw md =t
T=F«{dD

T=Wian (g —g) »i{d?)

Numerical No.02:
T mean diameter of @ square Hhreaded zorew jack = 30 mme The pilck ef the thread’ = 10
mme The coefficient of friction &£ (.13 What forcs must be appiied at the snd of c 0.7 m

long lever, which £s perposdicelar o the lonettudinal aviv of the serew o rabie a faad of 20
AN and o fower 17
Solution:

Civen Datx: "ﬁ'=.?.'€f Pi=ME N 1=0 Tn;F-_= 10 d=50mm=067m,

E=tma=4d.1%
18

We o that tme=5 = —_—=0.0637
L=t 2= Force requmed gt the =nd ofthe ==
Wee nowe that fores seaowed st the cormmteretics of the corawy
PR BT R T
= Wenle+e}=Wx =20 N 10 x ———— =434 N

LeEEnE :-:m.r
oow, the fmres regumed ot the ol of the lewer may be found ot by the relstion,
F I=F 42

Wz know thst Sorce reguired stthe cocondesence of the sordw
= Wenlg—al=WH —eE s MR e — 1TION

i+=_|':r T BT e i=
Now, ths fmros regumed atthe enl of the lewer m=y bBe fund oot by the relstion,
F =P 4z

o =0 = =61 N (Ans)

TRmEE

Fags 1 1=




-E:[ﬁ:imi:r of 3 Screw Jack:

It pezy be dafinied 2 the ratio betwen the wasl afiort (L2, the effort requred fo mov=the bad neslectms
fhctian)] fo-the actual «fori (Lo, the effort reqmred fomiose the load. conswdarme fction).

ball bearines:

Eearing:

— A bearing = 3 maching slement that corstams reldTe moton fo only the deswad mobon, and
radores frynon beiween porine pats

4mmmﬁﬁmﬁbm&ﬂﬂt’ﬁlﬁmﬂmhmdm&§15m
pednces ens eV -camanptEn 3= s0dres mobon B yepiered weEn b itsn e llimes

— Thev ko tammt the load of the rotmme slanet fo the homme This doad peay be radod sxnl or =
Torniingyn ofbeth

Ehﬂiﬁtﬂﬁhﬂfﬂ[ﬂew' -

1. Ball Bearings:

~

Bﬂlhﬂm;:-as:&:fﬁamﬂﬂmntgp&:u}i&rm; caz=cgeed Boomatolz mwalibals 3
bwws =vaces The mrer race & Foeto rmiats whils the saferrace B Satioors

2. Roller Bearings:

Fags 1 1




Roller begrines somain evimdrizal molles slarants indasd of balls 22 kead corrime slomnands betyeen the
rEoes Anslemendt B comidared 2 roller i length = v or han h dometer (even fonly sl Smce
ey are m [me oontict Witk the e =i owlsb races {rstead of pond- comiact == thecase of Rall

.'.‘J_Eﬂamﬂa:henlzlg 153 sl fype of oller bemwes thet fos orlisdies! mlles ot esembls neadl=
bifmse of thar sral donetsr Monmsliv, the ionsith of roll=s in mlle bagress = onb- ale=hine more thn
itz dmmeter. Whan g commes to neadle azrme, tha jeusth of roflers =weads thar dimeter br 2 least S
trnes

2.3: Torque transmission in Flat Pivat & Conical Pivot

Ta tramemitsion i Fiat Pivot e

Tka rotatms shsits are freqgueatiy wibiest=d fd-zxi=l] Seost. The boanpe surface: surh 3z ‘mrvot and collar
De=rmss 2T wead totzks ths 2xlthmst

The bearing surfaces placed at the end of the skaft to take the zoal thrus are knowe 2= prots. The pros

Flal plvol
bearng

L=t
W= Loed rommitted oxer the Besring urfare
F = Radfc of bearing swiface
b= higvnity of prestuvi pov it arsa of baFing sunfice

Faz= 1 17



e q;r: o

Wennll conuder the aliovwing v cazes:
L When there = 3 mform pressore
1 When there s 3 mmiform waar

Considerin form Pressure:
5
P =

Comudams 3 yms of radws r 2nd thickmss #r of the bearms ares
Then, ares of bearing surface, A = 2nr. dr

Load trammitted fo the rie=. 6W = p.A = p. 2o dr (1)

Frinossi Resistmee F, = w W= u.p. 2nr. dr
Frotiosl torgee entheriis. Tr = Kor = wp. Zav.dr.v = 2ujipr dr —{i)
Intecvatme-the zhove aquarsa-withm the hrots Som 0 to R forthe e foctions| torgae onthe prst

Total fretional toeque, T = f:Eﬂ',upr':df = Zapp f:r:ﬁr
= E{[HF [r?:]: =;"n_u_:: ?: é e =

rr;.t.;-% g3 —'(Einmjp= E—-';)
Z

i

2 T= = uWR
3 i
Considering Uniform Wear:
For Unifeem wear, v = £ (3 constant)
= £

F
Load fravemitted to thetmes, SW = p. A = p. Zor.dr (From Eg*-f)
= E ® Zar.dr=2nl.dr

'F"

Total koad tramemittad to the bearins.
B &
W:J::'.nf..-_fr: 2= Jdr
q o)

= 2L [rlf =2=CR
w
Ina

O, €=

' |
FEg= 118



Frohossitorgue entherme ‘T, = Imupridr = 2na :-::% ¥ridr = Zou. Cordr
Totai Frctional Torgue, T = [, Zmp, Covdy = Imuf [ rodr
= 2mut ] =2mic £=
= Tp— B —I:.S'mj:a

g 2= _,;mm

wul B-

Nomerical No.-3:

A vertical shait 130 wim b1 digmetsr rotating at 100 rpm rests on a fla end foatsien Baaring.
Fhe rhaft carrie: a veriical load of 20.kN, Assumimne uriform preswre diribulion and co-
aefficient of friction sguals 1o .03, extimais power lozt in friction.

Solution:

Given Dat:

D=130mmouB=Tmm=007m; W=20N=0X 10N ; N=1pmorw =

"“':;““ =10.47 rad’s - 1 =005

We b that £or mniform precamrs deinboian
WWR'= I x0.05 %20’ 10%% 0075 = 50 ¥m

Total Bwtional dovgue, T =

i1 | ke

Power o mfnotion. P =Ta =30 % ]ﬂ'-l-’ =573 EW{-"L'I!I!}

= Locd nmmmied over the bearing swiface.

A = Radiss of ez sutifoce

g: = Jmmmy of precmr=s normal fo iz come

4= Cogfficims of friceion
Cotitiers soll tine ofradin r 20 thickiecs dr. Lt dl i the lonsth sfring slons the sons: snch that dl =
dr.cosera

Aresoftherme. A = 2mrodl = 2ar.dr.cosec

FEg= 1 18




Canical
- bearing

Considering Uniform Preszure:
W mwe that oovmz! fesd otms enthe e, 0112 = Normal prezawe x Ares

= pu % Iror.dr.eoseca
And Vertiral Load acting on the rms. W = Vertical cemponent of 6W], =dW sina
=p, ¥ Inv.dr.cosfo e Hn @ =p, % Inr.dr

Totai ve=tirsl load tranemiitad to the bearms_
:ﬁ

T}'—Jp,!t?:zrar— 1II.'F-|.JFd1"

[—-L "pr-:-——im Hn

&P"_dg

Frenossl Resnganee, £ = p. 6W, = u.p, % 2nv. dr.cdsec o = Inup,coséc a.r. dr
Fracticns! torgms oo the T

T. = E.r = 2nup,cossc a.v.dr.r= 2nup.cossc o.r-.dr,
Inteeratine the sbove eguaten within the lmits fem § to R for the sotal fiectiona] torque on the coniral
prof bearmz.
Tetal freticeil torge T = }':E.'Ippn_:ﬂg&e:' a.r*.dr= Znup, cozéc o _}':r:dr

. .
= 4 Dplazaca [?]: =;1ﬁ'=jlpﬂfﬂsﬂrﬂj?= rrﬂz'ppnfﬁ_:g:.g

Ssubsimmme the waive of g mthe sooTe sgoatam

Fags 12



Lonsideries Unifore Wear:
For Unifeem wear, p. v = £ {3 constant)

-
'S

Ellr g =
Load trovamitted to tha s SW = p,. Zor. dr (From Eg-f)
#
= — x 2ar.dr ="2Inl.dr

.,.
Tomlloed tamemmitrad oo luebe;rm;

B

&
=Jznf..-:£r = 2=l !,-ir
C

= 2nC [rlf = 22CR

i

EI':E—

-..lJ'_

Fretinesl trrqus onthe e
Ty = 2mup,cosec a.vi.dr = 2my x% % cagee v dr = Inp. . cosac a.rdr

Ttal Fricticeal Torgee. T = J’:lr:ju.ﬂ'..?ﬂ#g_@:a,rdr=-ﬁn#f.mu:ﬂ j';r.:ir

= E.??;.L{cusﬁ'ﬂ[gr =231}z|f::p:iafa$= % nul cosec o B°

[15

= mp—_— Y ceseca AC —{Emcen': ===

T
= 'f.j.l'.w.ﬂ..-l‘ﬂ.!-'ﬂﬂ-ﬂ

Numerical Mo d4:

conical sivef suppores o veriical shafi of 200 mm diometer. Jt & subfecied b o load of 30
EN Ile omgle of it cone it [20F oed the co-gfficiz of fricrion iz 0023 fied the power loxi
i friction when the speed i 140 rom, czuming 1, Uriform prezoure ard 2. Uniform wezr,
Solution:
GrenDara; D=2 mmerBE=100mmn=01m,  W=30EN=30X 1{0' N, N=140 rpm
ofw = ---f*‘—uﬁ-ﬁmd;,p =§,025; 2a=120" cc o = 60"

1. Power lost in friction assiminge aniform pressure:
Ve knoy that tetal fnchonal torgoe,

Feg= 1 4L




T =

UWH. coseca = -I:-xnc'rzﬁ w 30 % 10% % 0.1 % cosec 60F =377 Nm

Pooerlod m frchion P = T = 57,7 % 1466 = 846'W (Ans)

2, Power lost in friction sssuming uniform wear:
e oo trat total Sechonal torqus

w 0025 % 30 % 305 % 0.1 X cosec 60" =433 8m

BB k#

T= _:: uWR.coseca=

Fower logt m fxchon # = T =43.3 x:14.66 = 6348 W (Ans)

I=
rj = Exterml mdue of the colin
vy = Interpaf radion of the oollar
Arsy ofths basrnp swfee A = wlrs — 151

Considerine uniform pressure:
When the presime = mmioomly diztrizated over-the bearms surfacs thenthe msnady of pressure,
W K
e

We know that Foctiora! torgee on the roe. T, = Znppricr

Intesraties the Zhovs aguption withm the limgy from v o = o the iotal frictenal Torgoe on the sali

!

Fags 11l




Tomd frtional torgue, T = [[* 2mppridr = 2mpp J',t ridr
- 2 2] =2 (252
:l‘l‘.l!y'!l': Ei‘l';il':'éx {711;71_1) _{SIHEE',P = ﬂ._rl_'uirr:'

i

2 Irl._g—‘f‘-igl

L T=—= ul -
3 ("i—;z)

Considering Uniform Wear:
Load tremmtted to themms. SW = 5., 2nr.dr = ;E, * daridr = InC.dr
Teotal load tramuemtted fo the hearms.

T

W=f!n{,££r=_nf fdr

r rz

= 2nl [r];} = 20 (iy—= r)

"
£X(T— Tz}

O C=

Frichcss! torgeis anthe e, T, = 2mal O rdr

Total Frictional Torque T = [[* 2mu. C.vidr = ZnptC [ *ridr
= 2mul [Z]° = 2mpl () = S auc - v
wl [5] = 2l (555) = smuc bn* -

== v - = ll: : -— w }
= P — s | Since. € =
ﬂ-'r"'_::r:'i'uj__.ﬁr,‘:l i = ‘_] 3 . I=ire—-rl

Faz= 113




Tzl torgue trapomrited = 3 ot collezed sheft resmms

2w (5) fr e
i §

pWiry + r2) for unitorm waar

Numerical No.05:

A thrust shat of a hip har 6:collarz-af 600 mm extarnal diameter and 300 mm msrnol
diameter. The total throt from the propediar is 100 BN I the co-gfficiant of friction iz 0.12
and zmeied of e énging 30 rge, foid the power abzorbed in friction at the rust Block,
azzuming' . Uniforsm pressure and 2 Uniform wear.

Solution:

Given Data: 5 =6 | d: = 600 mm of £ =300 mm ; d: = 300 om o £y = 150 mm’ W= 100

- B

EN=10X 1N N=rmpmaor i —-Eu—?Lﬁmdi u==0:12

1. Power d in friction ine uniform .
W ey that toesl E:E:I:ianihumuzu:nm:d!:tﬂ._
2 rﬂll =rs _I-! - - ( 3007 =—150°
= 2800 % 10% N.pmm = 2500 ¥m
Pover shsorbed m Hichor

P=Tw=2800x 2426 = 25 400 W = 264 EW (Ans)

i 1 = |
T=15 ulWln +n)=5x 012 » 100 x 10°(300 + 150)
= 2700 x 10° N, num = 2700 Nm (Ans)

P=Tw=2700 = 9426 =25 430 W = 2545 EW (Ans)

1.5: Torque transmission for Single and Multiple Cluiches:

Torgue transmizsion for Single Dz or Plate Clutch
Comuder toe Incten mrisdes mammizmes m comact e an =i tmast W, 3z shovm m the fizms

Fags 1 on



LI

L]
it
i

L

I = Jovgue rovmmitted by the slurch
7 = Iruenmiy of moal presure
v, = Externai radi of tie colim
r: = Ibternal vadin: of the collar
Ut = Cogfficion of frivtioe
Comdarme 2 rme ¢f radios r and thckn=ss dr of e be=rms aez.
Then, zrez of bearing smrface, 4 = 2 Gt
Load trapsimited to the rmz, SW'=yg. 4 = p. Znr.dr
Frenessi Resntmiee £ = pu W= u. 0. 25r.dr
Eretomsltergu onthe g T; = For = w.p. 2ar.dr. r = Zrnupridr
Weeitnl] conadar the following two oases::
3 Whathme is 3 miftem pressiirs
4. Whes thess 3= 2 aniform wear
Considering Uniform Prassure:
Whan tha sresstme o amifbemly drrrimed v the b Taz them
W W
PTA wlE A

Intsersimes the sgostem of fictoml torqus sting on the Tme wathimn the bmrts from vy to 1y fior the it

Tomd fretional forgme. T = [ 2mpprdr = 2mup [ ridr
= z

Fege 1 5




= Znup r] Emm 2 !__"1)

i I_,- I
= Imu X ‘Iiﬂ—’@i ——(.EIHEE' B= = ’—r‘lJ

~:r—3 w ,-1!_,-13 — uWR
T=3 ()=

Whae 5 = Megnvadm=of fae friston zurfces

_ E I'-_g = TEE
AT r‘)
Considering Uniferm Wear:

Load trammitted to the rinz. 61 = g, 2o dl = § w Zmr.dr = 2aC dr
1oz logd tramintiad {o the bearms

sV
Il|I

=l fr]t = '='mr:f;p-1 —-1)

l'

O, L=
=i — 1)

Fretines] torges on the rine. Ty = Zmu, £, rdr
Tl Prichica! Torpes. | = j 'z.:!:].L-L' rar—= Zmul

= Jmul Eﬂ" = zmal (5 =

I T % ' W
= ‘my ——— fry® —m7] —Ilﬂmm,!: = r1.‘-}

rdr

apl [ ® — ]

I-i||-1

1 :
7= Epl#'(r1+ ril = uWR

Where, 8 = Mezn radius of the fmmon surfzce
_ ()

¥

fitle Further:
L Inzapanl totlmohons] forgus schirg on the nchor surface {or onths ciotch) s greney. T =

bR
‘bere, n=rnmuber of paws of fncton or contact surfanss

Feg= 1 JE




B =2eam radion 8f fiton smice

.
= E{T__I—’___ :ﬁ;IILE!.EEJ'IJnET‘EEEIIE
= T for umibem wear

2 Forasngls dise sy plate cloirk n=2

S the mimeay of preszure & mesmmn = the mner sadis (), therafore, vy, c1e = €
Sinca th fisnasty of pressaye i mimenmm gt the omter mdim (1), theraive, poy, .1 = €.
The erze= pressure om &Eﬁma erriactmriace = Thes by

i

==
6. Incaszofa mmw plmeh the imsnoiy of pressare &= apEroximstaly miform but in'zn ald clidgoh =
mmiferm wesr theory is mnor= aprrammate.
7, The onrdvrm preszure theory gres 3 mehar frchonz] torguss thom £he unim wasr theory, Thershes,
m e33a of fiction ciotrhes omform wess shenld be coneadesad mnless cthermme stated

Multiple Dise or Plate Clutch:

Ew - by o Tt
ey S “""f\"-ﬁ*mﬁzmﬂ by

(1
|
|

(18 imh:pl&dmtdﬂ:hmﬂb&m&iﬂjﬂilm&‘mﬁh be izansmittad

o The mads Shrs (uzmally of stee]) 28 fasianed to the drrrets chaft to perme 3x1a] nichion (sorent for
the b=t dee),

e Tha outzde disrs (usaslly of bronses are hiskd by bolts and == fistenad to the howming =ik & kerad
10 the SrremEs anad

AL Thmhpleuﬂr:chﬂ:a&mmdymad m motor cars, pashme taok sfe

L=t
Ty = Ho. of dres.onthe drme sl
1= =Ma. of discs on the drmes shaf)
than No. cfpem= of contact smifaces, 1 =1, +n.— 1
Tetal Frectiord Torgne actinr on the frostyen sorfese
T = nuWR

Faas 127




Wh=s
B = Mem radee of fictior surface

[T

fi—Ty x
( = -} o oo presane
i = .rt: Fai i . ——

Numerical No.-06:

A zingle plate cluich with Both sides sffecnive har outer ard inrer digmaters 300 wom ol 200
mim regpectively. The marimum baszmity of presawre at any pai n the contars 2upfics b= nat
0 axceed 8 ) Nemmw®. [f ths co-afficient of friction & 4.3, determine the power ooemitisd by
asluich of o mreed of 2500 rom

Solution:

GivenData: n=2 &, =30 mmarr: = 150 mm: d-= 200 mm or £; =100, mrm;

D = H I Nmm'  N=Mmpmorw= .E!'}i‘-'_-:'lﬂl.‘.l-

=261 8rad's; p=03

Simca tha intenasty: of praduare is motmwnw 3 meer admin, therefore for uniform weae. fn e T =
c erC=0.1X100=10N'mm

The mxial s, W = 2nC{r — o) = 2 % 10(150 — 100) = 3142 N

Mo Radtivs of friction surfices R = T SIS UB_ o i =0125m

Torqes: trasmiit=l
T=muWR=2x03x3142 x ﬂ.]_15-=_13_‘._‘_ﬁf MNm
Powver Tramamuied by chutch

P =Tw = 23565 % 2618 = 61 603 W = 61,601 KW (Amns)
Numerical No.07:
A muliiple plate chich iz five plaiez hving four pairs of ociive friction siefaces I the
Infgreily of presswre ar ony' poiw in the contacty rwfise It mof o excesd 0027 Nowny,
detfarmite the powe travemitted af o rpead of 300 rome. The cuter and ey rodil of friction
surfoces are {25 i and 73 mm resp. Assume wniform wegr and the co-gfficien of fricnon =
ES
Solution:
GienDat:o=4 =125 mm ;=75 mm; p. . =0 127 N'mm’
N=00rpmor w =”:j‘“=514md.-._ w=03

Smee fha n:d'_a:ﬂ_ﬂ'jnfgmizmmﬂ ey raamE thersfore-for mrionm wear, Pape (12 =
£ arC=0127X75=0523 N'mm

Themalthnet, W = 20(n — =) =2n x 9375 (125 — 75) =200 N

rEg= .28




[Fpy=ire)  TERS=T75])

: =5 — 100 mm=0.1m

- -

Vam Badios of fncton wefees K =

Tormua fransmiitsd
I'= nuiWR =2 x 0.3 x 2880 x 0.1 =338:8 Nm
Fowar ir=mmuied by ¢lich,

P=Tw=3588x524 =13800 W=188KW (Amns)

2.6: Workine of Simple Frictional B .

S Absieasderabr mragrs of vk mtdfizil et r=staree = Fpphed o 3 mosns machine
mismnker mordar 1o setard or stop themnnon ef T machme.

— Inths proc=e ﬁpﬂﬁmmgfhuﬁmﬂrfrsnhe ather kineti wnsrey of tha oy ins mambay
or prientisi swsres: grven op by objscit bemg lowearsd by homts sbiatorns. afr

—# The snerrrabiorted by bakes s didspaed mtha form ofhet

— The move functions] diffrence betwesn 3 cluteh and 3 brakca 1 that 3 clutch 15 usad to Kesp the
drrme and driven memser. mevaRs torather. wheress bralies-are vsad 4o 5top 2 moving ember or fo
contro] g= snesd

of Dvnamometer:

Dhviamomster & 2 wake =2 1 sddihon 2 hes 3 devics to messares the frctoea! resstance. Knonmg the
fretemal renianss. we Sy olam thzmmi-mmmimdhﬂemm oites snmme

Prrompmete: @ cizzaifiad 2= Sllows

Faz= 1 I8



_ ?mne'ghErak&
- - _ . Dynamometer
a _ Absarption =
® Dynamometer '

2 . | | ‘Rope Brake
E Dytiamometsr
Sl
E 1 ‘Epleyvelie Train
1) Dynamomersr
C | Transmissian | :

C:"; | Dyramomeater
- Torsion Dynamometer

I. Abzorption Dvnamometer:

In the shuprphon drmamometa=. the =dine sn=Ey of power prodocsd by the ensme =
zheorbed by ne Tchanyesstanres of the Syake =nd & = trmsiormed prieo best. durmethe process of
Moo nrhae it
Trapsmizzion Dhrnamometer:

h&mmmyﬁﬁbmﬁnﬂmﬂ B st bot 1= med for doms

wore. [he srer=y o7 power mediers] by the enmne = trarmmited throush dymememstsr to s
cﬂiem:hmm_m;mw&dsahﬁismﬂiﬂ#maﬁ:md
Prony brake dvaam ometer:
A sorpiss Em#ﬁm#ﬁdm%;ﬁmyﬁei}Mahm&mm
Elacks placed mroomd = pulley fmeg to the wrmaft of 25 eneme wihose power & regured to be meszared 1he
blocks ore chompad e megns of tieo i and belis A Babica] gmes & provdst beivesn the oot and tl=
upm= ek to :-J_p_ﬂ the mr=zwe o the puily ta E!lﬂl‘..‘.l-ut.llhspEEﬂ The oprer-block bas 3 bone Bner
gttarhad o2 md cares swesh W 2 ¥ oot end. A comter waisin £ ploced 2t the other end of the
fever wineh baisnsas thi fyaks when unleaded Towd Sops B, 5 are pronded to hinmt-the meviam of the favar,

Ik

EEERE




="

Counter NS . wooden
wt ' Blocks

When the trares 559 be put-m oper=ton, the lonz =na of the Erve = loaded oath suvtzhle weizits W md the
myy are tghcesed gl the enEpe shaf mone & 3 comstand @E&ndthelsﬂumhamlm
Under fhe== condftions, fhe moment doeto the weisht W mmst balamcs $he momeet of the frictionsi
nsmhnwm&nﬂ_hndﬂnﬁﬂm

Let
= Waisht 2t the guter snd ofthe Tear in

=Horromz! distancs of the weiebd W iom tha cemre of the puller mue
F =Tractional resmstanes betwean the biecks and the pullsy m N,
B = Radims of the pullaw m m, a6d

N=SpeedaftheshaBmrpm
W Frow that the moymend of the frctiom] repiznes E'I.I."I'Eq:ﬂ!-.ﬂﬂh!ﬂ:l:ﬂ,

Feg= 13T




T=W.i=F.R Nm
Work 2= m ons rvobdion, T = Torque X Angle turmed in radions =7. 27 Nm
Wk dofis per minits = T, 2. N Nm
Wz Enoyor that brake pomes of the anpne
_ workdonepermin _ T.2=N _ W.L2=N

= — — ¥
5P &0 = g Watts

Rope hrake dvnamometer:

I & ancther firm 3f shecrpton tpe dymmomster wiuch & mest commenly tead o meture the bl
poeeer of an-encme. [t comets ons twD or more ropes noond moomd the fivwheel orom of = pally fxed
riedly o the sioft of a5 engie Tha upper end of 1h= ropes & Steched to 5 Sprns bElcs while the lovws
ﬂﬂhmn@ﬁmhmﬁg:@d@zm.mteﬂm I‘:r.mﬂrh:pz:—u:tﬂz
slypme of the Tops o = the Sywhesl wooden biocks mre phiced = miermis around the rrormmierepes of the
Tirwhael

Tns the operstion of the brake fhe sezme = mazds to nm a3 constint speed. The frictional torqme. diie 1o the
rops st he squal fo the torgua bers tramentied by the ansine

B pring —
Bolamco
wmmﬂnn -
Bilcocilis
. o=

S

—_"_"—.'"“11 Raope

%

S
0,
~4
L=t

S/
N

Coaling i
Viatior /N

Ava:

Daemct
Via=ight

Faz= 1 32




-LEL

W=T=xdlbadin ¥

5 = Qe babunoe vl m

D = Dizmater of the whesi mpe

4 = Difsnotsr of sipein iir, 26

N = Speed of the snzme shafl mr pom

Yiak load owi i brakie = (W =5) N

W briove thae distance moved mons sevolution = (D + ) m
Work dons per revelstion = (W — 5 m (0 4 d) Nm
and work doss per minute = (W —5)w (D +4) NV Nm
Se. brexk power of the ancing =,

¥ done per mi & D+d)N
Bp = m}'m i ﬂﬁﬁg YOV s

If the d=meter of the rops () = neskectad then Eﬁk&p:muﬁi:a smzme

_(W=5)=DN

BP
60

Waits

kT EFEEEEEE IR
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POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER

Question No.-01:
Define limiting frichon [S- 2014]

Ans: The pemmmm walne o the fnichional Swroe whach comes figo gy, when 3 body just besins to zhds
overthe surfsce ol the ¢iner Sody, = Enonn 38 imtmes Ercsof fnchion-or smmply bdmg froctan

Ouestion No.-02:
I?:ﬁ:nﬂ co-efficient nf.ﬁ:i::linn. [5- ot ) 15"1

Ans: i = 2efimed 3= the mihe of the i -facteon (F ) fo the normal reschion (1) betwesn thsfug bodiza
It = depot=s by .

Adathenataeally
H= E;
Question No.-03:

Define anste of friction. [S-2019]
Ans: The anzle made by the resultant of nosm] resction and bmihine Sectemal Swee with the nommal
reachion i calléd anele of friction
M 1em N o.-04:
Define angle of repose. [5-2008/10:11:1839)
Ane The runisium sr=le of the plams ot sk the body kgt on o siarts to lde dim o s ovn weisht &
called anzle ofrepnes.
Question No.-05:
Defins pitchof 2 theead |
Anwn The distance from 3 point on 3 screw Hoesd toa comaspondm=s pomt on the saxi {hrasi
mezzmred paralis] to the =xa;

stion No.-06:
What & efficiericy of 2 screw jack?
Ane: It sy ba dafeed = the raho betiwaen the sdeal offort (18 the =Bt requoed to move the loed.
esciecims Ewton) toihe =cinat effort (1L, the o requred fomows the bas comsdermes Exteon)
Ouestion No.-07:
Stats the fremula for manimum sfficiency of 8 screw jack
Ans: The frmuls S mawom efficancy of 3 serew jeck =

L—zing

== Lme

Faz= 1 32




Ouestion No.-08:

Ans: Ths maot inctioaal difference bebhweets 3 Shmick and = baks = sl s chion = ssed to k=sp ine
drvens sns drrven member monns fogether, wharegs ‘trakes =re usad to stop 3 movms membear or 9 control
#= spe=d

Qugstion No.-09:

Befine mmemomeier [5- 2019

Anm Dhymamometer 3= 3 braks bt m addon 7 bas 3 desee to mazenrs 'ﬂ:efnmnmnlrsm Knomwomn=
the fateana] recetanie - we e obiam the torgus mﬂimﬁaﬂmdhﬂuietﬁ.épamnfﬂaeang?z
Cuestion No.-10:

Define ahsorphon dymamometer:

Ang In the shearptes dymamomsters S adwe snerey o posesy proiures by the emsine s sworbed by the
hﬂmteﬂﬂ&ﬂfﬁ:&:ﬁmﬁﬂEmﬂmhﬂdmmﬁ:ﬁmdﬂm

M No.-i1:
Define tranumezion dynamometer

Ane In the tracmiaen dymamomstars. the srsrey 5 not wastad m Sechion but = wed & dome work Tha
anerey. or powar produced by the snsne = tanumitied throueh dypamometer to some ofher machines whars
rywer devaloned & sofably messurad

POSSIBLE LONG TYPE QUESTIONS

i Dermvezn sxpr=ssion for the torone znemntes by 3 7t poet bearmes cossiderms nmuin o pressase
Daﬁ!mﬁpmﬁr&smmmﬂbglﬂmlmﬂ hemrine comdterms umiftm wear
hems.

Berraan =gwesson for the torgqus tremmefed by 3 sinsle eollar bemmes comd=ims undform

r=nme tesary

Tlerss a0 sxgresmon for the torgos wansmrtsd by 3 snsle pists cunch

Wiz zhott notes on ball bearine. roller bearing #nd neadls rollerbemms.

Ebﬂﬁewﬂhmzmﬂemhﬂgﬁmhmmm&rMﬂ & 2015]

7, Ve shoat notss oo smmple favons! e [TW- 101 5]

8. im zlactre motor-drecen power dorewmoves s b in s Boricontsl pime ssamst 3 Sreecf Ti KN 3t 3
speed of 1) prmmm. The sovew has 2 smzis squar= threed of & wew pitch on 2 majer dummeter of 40
mm The cosffnen of fcten =t the sorew tiweads = 0], Estimat= pawsr of the motor {B= 2019]

§. The mean dismister of 3 sgnase thraadad sovew jack & 30 nom. The pitch of the thréed is 10 mm. The
mesirent of fchon 5 0,12 Whe Sroe st h&:l;phﬂi atthe =d of2 {7 mbm= h‘rﬂ_1ﬂ:u:hrt

ru

bai

F"".‘-'!‘rl"-

Faz= 1 35



sepesdiruley & the bnpdodins] yam of the sorew o rmise 2 lead of 1 BN ad % bws 7 [
24915}

16 A verncal shaft 150 mem o diameter rotaime = 100 rom rests on- = flzt and fookfsp beznme Tha
!.Ini:mﬂ.t*:ﬂﬁnl_b:d of 20BN Asmwming uniftem Eessgs dutnbohon and cg-affcent of
frichon aquals to (.07, sstenate power Lot m frichon [3-2013]

11 A comes] preot smupeorts 3 verbeal kaft of 300 mom dremster. 5 cibjesfed to 3 bad of 30 N Tha
z==ls ofthe come 1 | 1" mnd the oo—2ffrient of fricnoms 10 0 075 fing fhe powss ot m fncfios whan
ths speed = 140 rpre. gzswmme | Uneform meswers and 2 Uniferm wear, [8-200716]

12 Acthroet shaft of 3 slop k= € collars of S0 mm edterrs] dersater ang 30 o miems] diametier, Ths
izl threet from the propelis 100 BN I the do-afficpend of fiction = (-1 3nd speed o5 the snzme
90 rpm. find the power absorbed tn Friction af the threst lock, s somime 1, Ui prescore and 2
Ul wer: [5- 2008]

13 A smzle plate shuteh wnth both sy efecine. be outer and innes doimeress 350 s and 200 7om
rsmecimaly. 1oe oo mitepsny of pressors &t mp&h_mﬁ_ﬂ#mﬁtsmm:ﬂaﬂ
0.1 W 3 the co-afficient of forten = 0.3 determms the power-trarsnntied by 2 chpich &t =
apeead oF 2500 ey, (8- 20103

HAmhmIEphﬂchIﬂnh&hph!uhﬁ'ﬂ:gEﬂ:[ﬂEﬁmmm H the mteresy of
pressrs =t any point mnothe contact sorfers Bosotifc seeeed 00127 Nmnr', determime the powsr
tramemsted 2 3 spoad of 500 rpm. The guder dnd mnsy yadh of fcton sorfices e |25 mm and 75
mm resp. Assmme wufores weer nd the co-efficwet of frton =03 [W- 2011]

15: Sate furctson of Basrms and sxpiam ball beanne and rofler bearmes [S-2017]
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CHAPTER NO.- 03

POWER TRANSMISSION
Learning Objectives:
3.1 Conecept of powes transmirsion

3.2 Type afdrives, Selt, gaar and chaindrive

3 3 Computtion af veiocily ratic, Levgth of bolls fopen-& cross) with and without =iip
3.4 Ratio of Ball levmiores, Camfrijugal torsion aved Initial Tension

3.3 Power trapizmiited By e bell

3.6 Deiferming the bell thicknez: and width jor permizzible sivess for open vl erosz &alf
drive considering cenrifugal terrion

1.7 Videlts and Fobalis pulleys

3.6 Concept of crowming of pulisys.

2.2 Degr grives and 23 Teeminiasy

F40 Gear trape, working prineciple of simpla, compatnd, revertad and epicyelic gear
s

3.1: Concept of Power Transmission (Mechanicall:

Powsr Ensmmaion 15 -the movement of snergy from o= place of peparanom io 3 ocaon wWhere 1 63
Meckaricz! power ramammamnn & the tramfer of enerpy from =hare i : eEnarEEl IO et BOEE T B
e i periorm work wns armmis machines Imieses and meckameal powes transmuszom elaments

Aleckamicsl nower tramerti==ton and i slerments srouced forthe llcwrins réazons

i %ﬂﬂpﬂﬁﬂﬂ!ﬂﬂg}mhmﬁmﬂimﬁﬂfm

Fhyzecal comstramnts limir the powsr gensrstion 3¢ the place whare s used lhence ot can be
trEisiErTed Som somcs to 3 place whars o s macded.

T can be uzad to change direction and masnituds soch 3= zpeed o0 torgue

4 Jeemn Be used to chamee the tvpa of ensrzy 12 rolational to ltearand vics vef=a.

.

(T

Thire are different types of power trapsmeszon slaments soch 3=
¥ Shafiz & Couphines
> ?WEEEEI-E
# (azrs & Gegr tams
» Traices & Chiirhes
». Belt=, Ropes & Pollers
> Chmns & sprockeis
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3.2: Tvpes of Power Drives- Belt, Gear & Chain Drive:
The follesving frpesa ﬂmmmmmhmbmmanw
1. Bali Dymes
L GomDmes
1 ComDies
Belt Drives:

A ekt drrve = 3 mechamem m which power 1= tranamrtted by the movement of 5 contumous
flagbls belt §t s used to tranumit sotsons] motion from ome shaft te Fmother by mesme o puliers
witich totats ot the sams spoed or 2 diffesent speeds A balt drive i3 :Eund in sbnoit every madem
m%mﬂnfwﬂmﬂﬂbﬁw&i&ﬁ&@&uﬁnﬂmﬁamﬂﬁﬁﬂm
bty tha twe st Thﬁ;ﬁﬂzq.ﬂﬂmtm;hp:wa,mdﬂg&mpﬂqﬂﬂn]uﬂﬁa
prilley i which pesver iz fravsmitied = called dviven poflay or follower,

Ths power fmm mapnﬂe:h:m'&u'mvhemnmﬂmdhﬂmvnfﬂ followms tvpes of Balt drmress

1. Open belt drive:

Pags | 28




It 18 used twith shefts srranzed paraflel oo jotatne in the soms Sractioe In this case the dva
prille the bel from one side (Jower'side) and delrers 1t 4o the offer s:dz (urpear 2da). The loger
g balt ez of e tersiom 12 bnewn 25 tizhr dds sherese the uposr s el becama of
o=z e = Erows 3= slark side -

2. Cros=ed or nwist belt drve:

1 [

It 15 et with shafls svanweed parallsi :uimi:ﬂ::gn!ﬂeq@nﬂe:ﬁzdimhﬂ:ﬁimr_g the frioe= polls
tha beli from one 33de [pon-leadine dizsons! sd= and deliven e the other sads (Jeadms dizgona! zide)
The mm-lsadine diperes] ads belt berzme of mows tevamw » bein = et sile wher=s the lesdms
diazonzt id= Eadt. borzuse of lessfommon, & oo darh mde

3.3: Compuiation of velocitv ratio. Length of belts {(open & cross) with
and without slip:

Velocity Ratio of Belt Drive:

It 18 tha wtio Batvraen this valoethas of the devver and tha follows= oc drive

Lat

&; = Dhamester of the dre=y

d7= Dhizmister of tha drrren

¥y = Speed of the dnver m rpm

K = Spead of i drisen by i
Lanizth of the balf that passss over the dover o 1 omiata = i WV,
Simitarty, Lencth of the belt that pavses o= the drven-m | nnnmt= = e Vs
Simze. the lengih of fhe belf izt paises over the driver in | mimte = Lengihs of e bt thist passes o
tha devven m | minnt= thersiore

wd N, =ad; N

Velocity Ratie, 3 =7
b | 1
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E Far Dve:
- E
/' |“;|\t o —————— P
i I,_ | e = D .'..ﬂ 1 o
= —- __.I - = = _'_].L - _I__—:I._- 4 !-_ =
. |I -L‘;L | L "'. K
| | _aee—— - H
s
o — [y — A ol
L

v, =Radins ofthe Lerzar Dalley
r = Fadis of the Snualler Pulley
£ =Tyl length o the bak

Lt the balt bagves the luper sollay 2 F 2nd © 2nd the smaller poller 2t 7 and H 2= shonm m the fizms

Throush O draw oM parallsl o FE

Fromfhe psometrs of the fizure, we fnd that 051 wall be parpendiznizr o O F

Lat the Angle MO-0: = a radions

We lnow that the lonoth of the belt,

L=Are GJE+EF + Arc FKH + H& =2 (Arc JE + EF 4+ Arc FK) Eq'(1)

From the ssometrs of fhe femra, we find that

o.M OE—-EM n-m

M= E e, 0,0. %
Smee @ s v=y el ther=fiee pting
E!nﬂ===r1:’ ——Eq7 ()
drejE=n (F+¢) ——E{(3)
Similaty Are FE = E—aj —— Eq'{4)

- -
4 -
L —

R" r

And EF = M0, = x'L{919:F = [ELH}-" = w.-"f":: —Mm—T)F=x
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ST

Shetitutme tha aine of Are IE Bom Eg (), A FE fiom Eo't4) and FF from EqL9) m Ea'll), we
z=
=2(dre JE+ EF + Arc FK)
[ i 1 P, o— 1}
L=2In {E-i-ﬂ)-i-f'; (?—ﬂ:}l*i-:l: _LETI-:;L‘
o " e —r)
-'_—E I"i':;.-‘i-l"';ﬂ +f:;—1'=ﬂ' +I_'£'1-j—.:.}

=z E’Ef:+f:] ta(n —n) +I—L;J‘]

r— e J®
=min+ i+ 2a(n —=) -j—z_'g:—.t;.:_:."—.

I
Sttt tha vales of o — IEM o) i it
—r= —
L=mir, +r)+ El:ri {'1-'1"1}4-.?1—{& )
B gy =l
==:‘r’fr==+r=;_'l+2——El = g M RT :j.

T —T -
R

II. For Cross ive:
Lu:, vy = Esdne of the | arsar Pollsy

rs = Radins afihe Seealler Pulley
L= Total length of fhe bait

thheﬁm&ﬂh;apnﬂﬂfnﬂ ard G and the smalier pulley 5 F 2nd H 3s showe m the Gemra
Throash O:, drawr O parallel 12 FE

M
| T
i iy
- - B e —— i S
. /J l_? 5 = — "'-__-'r _,.'l"'r.b -
[ } S = \[aN
]..'_ S —— — g il LK
I lh]l i - = T i 'lﬂ: |I
A g F o
e f— Iﬂ"-r-
TG
|| A
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Froms fhe szcenetrr of the fisnrs wa find fhiat O-0M wall ba perpendioler in QU2
Latthe Angle MO0, = a radians
Wi ko that the length of the belt,
L =ArcGJE+EF + Arce FER + HG = 2 (Arc JE + EF + Arc FK) Eq'(1)
Front the ssometry 6F the figirs. we find St
6.M ﬁ' E+EH TS

o= 0.0. - oo -
Since, & s very: small, therafare st
Sing =@ == ——Eg(2)
ArcjE =n :-1-;;} (3
Simitely, ArcFE = ;.1_,3‘: —— Egi)
snd, EF = MO; = (0,07 — (O:M) = /¥ —(n+m) = le -5 FtJ'

ir

—Eg'(3)
Sabatitatine the values of Are TE from Fq'(3), Are FE from Ea'(4) and EF from Eg'(5) m Eq(1), we
-
L =2 fAre JE+ EF + Arc FK)

(g +n)* ry )
2y

L=2 -ra (T—Er+a]+r= (;+a'j+x—

= o = {Tl-i-r;'}i
=2 e R P S e
¥ (o +r )"
2
=mn+nf+aln )+ ——[r: )
b

Sibsitmims the vlpes of =L,,Eﬂ'f'tﬂ-ﬂq“ﬂ}.weget-
(n+n)

fr
L= nin +rd 4 22 1) A

(n+n) {r'- r-)°

=m(ntelt+i——+dx—
X X

i +r)+2e—

(ry+rs)°
“l= Hfﬂ-l—rﬂ-!—l:-l-.*l—ﬂ-
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3.4: Ratio of Belt Tensions, Centrifural Tension & Initial Tension:
Ratio of Belt Tenzions
Considae adﬁ?mpuﬂsnlhﬂugiuthe eleck wize diraction 3= shovmn i ths e

f FonRy

Let

T3 =Tenzpm m the bebi op the heht suds

Iz =Teaznonm the helt on the sleck =ids

§ = Apols of comiarts ™ radians

u =CE-£EE_F1=nnfE'|::EI-nbehFﬂﬂm hehmﬂ._p!:lkf
Mo copuder = smsl porhon of the beli FU), sobiendins anansls 0F =t the cetdre of thapallay 58 showm
m the fizpre
Ths keft B s 1 squilibrrom mmde the followme forees
Tenuon T mthe balt = B
T_a:n'.:'m!'-'—ui"}"h.ﬂuhh 39
Weormzl Reachon Ea
Frootewal Fosre. F— aRy,

de jad p g

By =T +Msin= + TainS — Eq(l)

Eﬁtﬂ:&:ﬂ;ﬁtﬁﬁﬂmmﬂ!ﬁﬂﬁﬂmjfﬂiﬁ :-—5;-5 m Ea"(l)

Ry = fTJ_-.‘.TT':}%-I—T? _ F;:Tﬂ_j_i?fe_j_?fa

Ry =T.58 neglecting the term ot Eq*(2)

-
-

Howrssoime e Iommes verooally, we ke
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URy = (T + &T) maﬂ-f—Tfﬂa-% ——Eg'(3)
Smce. the mgle 36 & very small Gierefore putting cos = =1 inEg'(3)
iRy = (T + 6T) =T =0T
Or, By =E:TF — Ea'{$)
 Equating the values of By from Bg'(}) snd Eg't)

T
Inteeratme bofhzides between the lomts T 12T and from 0 %05 respectizely,

T £
[Zerfer o en @) s
Te bt ]

:-Tl = gh¥
The zbore Eomation can be sxpyessad mitarms nft;:.nspcm&lpg lsearfimm 4o the base 1012,

2.31og (;—-’-]= na

TN 1 &
T.88 =? or—='u. 508

Centri Tension:

imr_ﬂih'_-'hd'tmc-mn:unmﬂhm cver the pulles, thensfore some contninzal fores = casad, whoss
sffat 33 & moysass the femsion on hoth fivht 25 w=ll 2 dd=k sides The badon caned by canirifiss]
Fooca i called Commrifupal Tomcion k.

T =Cantmfuzal Tepsonm N
7= Mla=s ofthe belt perumt lansth m &z
¢ = Lmeszr selosdy ef e o=t mnes
+ = Radim of the foller overwhick the bl roms inm
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How comdsz wmall portion of fis beli PO aubtpdirs 3 moels 28 2 ths conbre of the pulles 24
shownm the Benre '

TWia by fhiat fhe lameth ofthe beli PO =p. d6

M of the beli PO=m r, dF

4=

E =(nu.r.df) r = m, a8, ¢t
ﬁzmﬁglme;m_sm:ﬂraF&Qb@mheﬁmeqm]ﬂmm
Howreashsine the forees hormontslly mnd squitins the zams. v hne
. [dg -
T:=in [E-) +T-sin (Ef—) = E=md8:.v*
Sﬂ&&ez@hd&s'hmﬂ%p@gﬂ%:?nmmﬁbm
g )
o (D)= mases o T=mee
Lirrle Frvther:
L Whan the contrifiizal tsnsion B take imto scecont. then tha tedsl fenson inthatichi ade 7., —

i+ e
And Totl Temion malscksida T =7 47

LB

Famhmiﬂai:!?:{?'u—:‘ﬂ]'vzﬁiﬂ—{ﬁr o WEER
Thne we sse thal catinizsal-tenszen Kas ne sHest on fne poweer tranamried,
3. Thesmatie of drvies temices, moy be Hpoen 20

.Tu—T,:_
Tex—=T;

Tension:
somtinmnucly s over the palless sinca the schion of the halt from the dover and the fllowes 1
goverad by 2 frn mrip, dueto fiction betwsiss thehelt 2nd the pullsr= In ardst to incyéece this Frip, e

belt = tichienad op A fios shge, =ven when the polleys ar= statonary, the belt 12 subjected to soma

tat
I = Inuinal Tapsiom m the balt

T3 = Tenzpm m the tazht ods of the belt

T2 = Tepzonn the thaek sxds of the balt

a = Cp-affinient of meveass of belt lansth par st Sorce
Attt consrderateon wiil show thot fhe moee of tencon m tha nght s =T, — T,
And, moréace i the Jenzth of the belt o thatishtside= (75 — T3 )
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Samifarly, decrazsa m fh lensih of the belt o thaslack side= g (T, — T2
s et or momotion, thersfiore nev=me m fensth on the gt side o ssd to derreme mthe fomth on
a{fy—Tp)=all, T
OT, -7 = fo— 1z .
D!.: T}: - E;;i’; == r=+r:=+1'r=

3.5: Power Transmitted by Balt:

I T,
i e EI_'“E‘EJE- .
/' | = T
I. H | !\-.
1 A i T e
N
g Ear s T a -

|-'.‘1.i';.'lr|.h'_ milliy

The abowe Sgure shisvs fhe dmane puller (or drver) A znd the drven polley (o fllower) B, Wabae
alrsady disruused fhat fhe driving pallsy pulls e belt fom ans side and delivers the sene io fhe sther
ﬂ.iEﬂmn&.mﬁﬂmmﬂ!miﬁh;Lﬂ_ tughe sede} vl be grester than the bine sda
(1 =lark szda)
L=t

T, = Tenssonm the oot sde of the kel m 3

T- = Tension mtha slack sids of the haltim N

r-;=_ﬂi:|:-|.n:-_i‘_ﬂ:.sﬂna—-u'ium

r; =Rzdms of the Drrren or folloves inm

1* = Lm=grwelosity cf the b=lt in m%

The effectivs turmues (driving} fozce at the sircumference of the followsy i the diffarencs betwean the
top tEr=ans Re . T — Tl

& ﬁ’aiﬂmi]zﬂlﬂ={'r| -1z ) v N-m's
- and porwdr trameited P={1, —T:) e W — (= 1N-mls=1W)

A Title consederstzon will show tiat the torque exerted om the dmang poller s (T = Tp 1, Smolerly, the
torgne sdarted on the dm paller 12, Bl T
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Numerical No.- 01

Find the power trommitted &y a belf rumning over a pullsy of 60 mm: diometar o 200
rom Tl cogfficient of friction detwean the belr aoed the mdley i= .23, angle of lap 1607
cvid et tavesion in the deli iz 230G N

Soluhion:
Given d=6000mm =06m =700 mpm, w=0I378= lﬁﬁ‘ﬂ-n--ﬂ:- =173 md,
=250
We noow that welooty of thes belt
madlN  wx D6 200

e == - :E.] !
L 20 = Aot m s

Az, we oo thar

23 lﬂg@l] = u.8 =025y 2793 = 0,682

l;g{ri J _ 06982

-t =0303s
T- 2.3 A
Ty
—= —=F {1
T {1
Ans

Ty 15-!10 :
== "Dl 0t = 1244 N

W kmow that fie power ranapeited be the balt _

F=(T —T) = (2500 —1244) 6284 = 7830 W =759kW (Ans)
Numerical No.- 02

A eaciing weighing 9 EN hangs fresfy from a rope which mater 2.5 nurrs rownd a drem of
300 mm diameter raveiving @ 20 room The other end of the rope 15 maled by a man. The
cogfficiery of friction 1z 0.23. Determine-{. The foree required by the mam, and I The
TOWEr 10 raize the caTling:

Solution;
Ei’ﬁﬂl_‘wff;=‘9_E‘I=?EilﬂH:&=3Eﬂmm=ﬂjm;H.=}ﬂ@m;u=ﬂEi
1. Force required by the man:
Lot T. =Faores regred by the man
Sires the rops makes 25 tues Tound the drom therefore mels ofcontact § = 2.5 % 2=
orTad
We koo fht
assng(ﬂ) = 4.6=025x57=39275

tos G}"} _ 38 Lo

Ir.
23

-
-
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351
Ty
7. 9000 N
! i — i — 176 4T N
e |

2. Power to raise the casting;
Weknos e, valoctly of e o

2dN =% D3x20
pm—— = R X 03142 s

60 B0
Fowe oz the o=t
P=(7,—T.)v=(9000 — 17647) 03142 = 3772 W = 2772 kW (Ans)

3.6: The beli thickness and width for permissible stress for epen and cross

belt drive considering centrifuzal tension:

A hifie consderstion wall showy that-the mprmimm tension: m'the balt (T} 5 2gual tothe fofal
t=minn im the ek side of el (T,
Lt

& = Mzmmum safs stress in Nimm',

b=Wilthofthe bt mmm

1= Thackmsess of the belt mpm
W kmoex that maramom fsnuom in tha halt,

T = Maommm shress = cross=avhonal areeof et =5 Bt
WWheer contrifesal rescion i megleciad, tian Iige T)) =T, fe Tewiod = the tight s of the Selr dnd
when courifuzal psion it cormidered, tum I ior Ty =T — T

Nunterical Ne.- 03

A laenther it & refutred ic tremomit 75 BV from a pulley 1 2 m n diimester, rurting at

250 rom. The angle smbraced ix 165° and the coefficient of friction benween U Selt ol

Iﬁamﬂh oo g’ﬂwxafanwh:gmfﬂrtﬁe leatimr Seft iv |5 MFPa denvity of leather
§ 3w ang thickner of &ali 10 mom, determeine the wichh of the belf taking canrrifizal

Solntion:
Given P="3EW=7500W d=|2m H=2rpm @=if5=165xx/ 155=288 ad ; p =03
g=14MPa=1%5= 1 Nm ;p=1Mem' =1 « i0f ='m’' = |0 iz’ t=10 mm=G i m
L=t
b=Wedth of balt m maters,
T\ = Termion n the trehe sifs of the beftm N
Tr=Temsion i the slsck side of tha halt m 33
We kmoes that welocity of the belt
v=mdN/ =512 =25060=1571 m=
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and poweEr transmurtsd (7).
B0= T, -Tdv=({T, =T 1571
STi—T=7M00 37i=4T74N _{x)
& kmomar that

23leg Ffj: w. B =03 %288 = 0364

(T _ 0863
) 5t
%: 2375 ()

From equiies (1) and (i),
T =3M6N md T.=3472N
W derioyr fhiat wrviss o thie belt pee mater Lemsthl
m=Area ¥ length * density=htlp
=bx 001 = | = 1000=10bks
T =m+ = 10b(1571) =2468 b N
and e tepion = the balt,
T=o bt=15410=bx00l=15000bN
W kmovw that,
T=T =T
cr 13000 b=3246- 2468 b
or 15000 b—2468 b=12246
eri2532b=582446
2 B=8246 12532 = 00638 m =658 mm (Ans)

3.7: V' Belt & V Belt Pullevs:

A Vhel b thastly viad m GSobvwies and worlshops whae 3 grest amenart of povesr 1240 be tramamitted
fromn ane palley to amcther s ety piilers ars very near o =ach other

The V-eels-=re made of e & coras monided m mbhber and covefeg wth fabe and Todher: == showm
in Fizers Thecs beles are mouldad 4o 5 frapeomds! shape and zre msde andlecs Thess are petculariy
- zitahls for chard drives Lo, when the dhafs ar= 3t short dnfaree spant [n o of flae Belt dove, the balt
reE over e pitlevs whevess m czae of Vibelt dnve. the nm of the pollev = sooved mwhirk the Vibal
rims. The =ffact of $s yoowa =40 mmeses the Schional ship of the V-belt on the pulley and ths to
rgﬂﬂqtb.&ﬂiﬂq'qfihmh-:dzmhnag;ﬂ;ﬁp mﬂlq&ﬂh_t,thm?—k:ﬂi& I cotrf et with the
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s fazes of the moove mnd a0t » fie hottom The powsr s tramemittad by fhe wedsing ation betiam

the balt @nd the V-smors m the poller

T

ur.u w pulbey
¥ ,*n;.-t ;,.r'.* 2\
ff-"'f‘“? . A
*ff fff.:/ .

R

24

A dlesrares must be provstad 2 the bottom of the srocrs, = thown m Fizws, m order fo prevent tmching
to the bottom: = 1 bervmmes nmwer fiom wear. In owder 1o moysass the pewwer outpnt, severa] V- balts
thie same Tate o thit the load © aqmlly divided between fhem When one of the s of balts break the
arviire set should be repiaced ot the same time I only one belins replaced the new unwom and unsireszed
bt il b ot skt strstchied and will more with diffarent veloin

1.8: Crowning of Pullevs:

e

..-'""_"‘-.L'ﬁﬁjrg'"l'ﬂlﬂﬁ

—— e ——

ll',I"!."[..I.F'l'

axthor edge.

A crowmed puller 3 wmad to inevezse the stability of the bait onthe puilsy and to un ot the canter of the

pealler without slippins off fiom the adzes
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1.9: Gear Drives:

Somstimss two oz mowe gaars e mads 42 meh with ek gther t2 ot pEwe from me duft o
- angthae. Bk 3 combration & called = fram or tram of toothad mokealy The modnes of the trem msad
depands uponthe velooty ratie requmred and the-relatice posthon of the m=sof shath A seartram mEy
conazt of spur. bavel or spral gears

In precesan seehines m which 2 definite valocity rate = of mmportarss {38 in watch mechemom), the
el postice dires i by means of zean or toothed nheels’ A sax dive i dho provided, when tha
dEtancs betwrean tha drmer mmd the Slower moery small

Tupes of Gears

Rack & Pinion Gear

Sprochets Gear
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L. Pk Coclr It 1 an nua=marny ooole winek by poe wollins achon, would =ivs the snns motve
23the 3cfnal pear

Prchy Cirele Dimeter. It = he gameter of the povh coeie, The sime of the paar 1= wsazic
specified by the park cocle damater. T 1= also kmown 2= patch dameter

Addemudure: It is the radval distarce of 3 tooth from the pitch corcls to e top of the tooth.
Dedewdune Tt {s the radial detearz of 2 tooth from the pitch etrele o the bottom of thetocth
Cirpufar Pimk: Tri= the distance megzurad on the comomferenre of the mich cirle fom 2 pomt
of oue tooth B the comr=spondme port o the Bext tocth s myoslly Genotad by o
nbthematically,

I.-!

e

=i
Fe =%
wisere, D = Dmmeter of the paich cwrcle, and T =Number of tzeth on the wisel
6. Dramerral Poch- Tt = the i of momber of teeth &5 the prich circls dizmster momiiimetres e
dermtad b py
Nisthismtizally,
=
Ft:E — :
7. Moduls: It s the satio &f the pitch cwele dmeter m miflssives fo the number of testh, It
Mathematrally,

3 in

ne=

)

1
-

3.10: Gear Trains:

The combination of sear whesls o =2 wad o s or dorress the spead of the diren aoft s
ezliad seorfram

Tvpes of Gear Trains:

— Simple Gear Train

Compound Gear
Train

Gear Train

Reverted Gear
Train

Epicyclic Gear
Train
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Simple Gear Train:

When the destancs betwesn the two shafl = =mall the tue mlﬂlmnﬂnmﬂwﬁﬂﬂ:
ﬁ]arhhmmﬁmmﬁzﬁh ﬁedhmutbﬂﬂmfmﬂt{ﬂj, Siace the =ear | drives the
-Hﬂ,hﬁaﬂlﬂﬂwhm&ﬁem‘heﬂlﬂﬁmﬁﬁbﬂt I oy be

niofad that the thotion of the drvien 2= = oppoaita o the mohon'af drivine 2=t

Lt

N ﬁﬂpeinfﬁtn’]{]}u':zr]htjﬂﬂ

;= Spead of Gear 2 (Drrreny’ Followas) mormem

T: = Numbes of Teeth on gear |

T =Nairhar of Testh on zer 3

Sinra the speed rafin (6t velocity ratio) 6F zéar-train & the ratin 6Fthe speed of the driverto the speed of
the drrven o followss and rane of speacs of any paw of zears m mesh f= the muens of Gen mumber of

teath thesefore
=g ik
SpEEﬁRMLﬂ—E—ﬁ

I mey be noted thist ratio of the meddﬂehtmuiﬁhﬁh&w&ddhiﬂuukﬂﬂna
trarw vabse of the sasrtrain . Mathematioally,

TramVeghin = E = E

Fromabotcs, we see that fhe trom taine in the Teciocs of spesg At

ﬁmﬂudﬁhﬁr_ ﬁw&ﬁe“muh&tﬂﬁmﬁmmm:mﬂiﬂ'_mmma
§.‘.E|-E s e franzmied bnoscthar ef the folleorins D mathods

1 By prouidmg the loess sizad sear ar
1 By promdmg ons of mose ijermediste Zear
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&Eﬂl&:ﬂnﬁnﬂunﬂlhw!hﬂﬂuﬁnaﬁéh&dh;;ﬁmﬁﬁhgﬁmd;mjﬂm
incomvenient ‘and uEsronomical sisthed: wherssa the later methed (L6 movidine cos o more
IErmeamEtE 52 = TEY Convenent and sconommcal

It mer be noted that when tha mumbers of mtarmedizte sesrs are odd. the motion of both the ser= (12
drrrer =nd drresn o follovez) 1s ks

Byt if the pomibers of intermedists stars @e even. the motion of the dricen or follovesr w1l be m the
oppocite direction of the Jrmer

Mo consider 3 simpls tran of zears with on= intsmediate searas shown m Figur= B,

Lat

N =3peet ofdmrE mrTpam.

M. =5pead Efmimnadl:zegsm' mrem

M =Spead of divemor Sollowr imrpm

T = Number of testh on-drrer

T: = Number of testh on mtssmadiate gear, and

Tv= Numshar of testh an drie=n or Sollows

Bincs the-drmng rear | 4= nweeah winth-fhe mteemediate cear ) erefiore spead rahs for thiece fis s2ary

=

N, T

Stmilaiy, = the mtarmedsts =y 2 i e wth the drrem == X I&uﬁﬂ'aipﬂd:ﬂmhtbae
WO aaTs I

Ihsﬂeeﬂzﬁt&fﬁ&gmm:sthﬁmﬁzﬁg_13.]Lb]héhhh5dhymlﬁhh;&&gt&:bun
Ne ¥ T2 T3
Vit el Mot ¥ Pobd
Ne e Ty T:

N T,

_ EmpadafDrier  Me gf frsth o Deovsm
fpocd of Brivenr  Nb. osf TesinanDriger

Hengce: Speed Ratip

Azl _ Ipcod of priven _ Na sftesth ompeiver
- Traln Value = Tpeed of Triver Mo of Tedth cudriven
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Frome dhors, we see that the speed rabhiy and the tram talne. 3 wmpls s frpin s mdepand=nt of the
=ad for the Slpwne twvn pomposes

L Ta:m&lmuimaﬂz:mﬂe:hﬂm&ulquﬂ
2 Tﬂﬁh@ﬁtdﬁﬂ'ﬁlﬁ:ﬁﬂ:ﬂﬂfﬂ:ﬂlﬂﬂﬂfﬂ&dﬂ'mﬂ:ﬂ'ﬁ; clociomze or amhelociowsa)

Compound Gear Train:
When fhare = more thep ona o=r on s shafl o = called s:componnd ram of g=ar-or compoond z=ar

tram Drlvtl\ wuﬂd
AR T
¢ KO
EP,A-.H,/

|
|

In the fizee. the g2ar | 1= the dnving zesr monnied o shatt 4. gezrs 2 2nd 3 aze camponnd gearz whach
re mounted on shaf B The seare £ and T are alo compound sesrs nhich are mousted oo sha® € 20d
hgmﬁnmm;ﬂmﬂﬂﬂ

-

N =Speed ofdmnz pawr Linrpm.,

T = Mamber of testih on drrrine zear |,

Mz N LN =2immber of testh on respecites ssam

T2, T: . Ti=Numbor of teeth on respactne Fean:

smt‘ﬁﬂﬂﬂllimmﬁiﬂlﬂ!lﬂ _ themrefirs crmed ratin for thasa tvo seas =

:Ir i T-.'
Ty — T 1

Similarly Er=fiss 3 end 3, speed mho
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L o T

N-T (Z)
and o pras S and 6 spiesd o

N T

— == B 3

N, T (3)

The speed ratis 6f componnd gsar train & sbtzined b multiplying the squations (1), (2) & (3] Thea &=
==t

3‘5“511 .-HE_?: i Ig

U i = i

OWON G T
Enuguazlmijmmmﬂaimmah:ﬂ_ﬂeﬂauehmﬂ=ﬁﬂmhﬂygm4nﬂimm
ony shiaft C, thepedfma M, =3, -Then

Ny Tz To Ty TxTyxT,
W_s:?"_:”ﬁx?:ﬂx?;ﬂ{a

=3

Henca
Spped of the firet triser _ Eroduct of e, of therk on Grivesy

Spesd Ratio = fozed of tha lesr Drivem  Produce of ma. oF Tepthon Drivers

Teain Value — S29ed of the last briven _ Sroducs of nu. of certh oft Oricérs
soeed of the firse Driver Fredurraf asoof Feath-on Dricess

mm&:mmmr&w&;&thﬁnhﬂdi'ﬂmﬂ [erger spsed reduction fom

Reverted Gear Train:

Compattid Goay

Ca-anlal
s .
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Whan the ames of the first z=m (12 first devve) and the Dt z=m (12 last devse o Sollovsy) ars co-
=1zl then the Sagrirain 1= koo 2= severrsd poar omn

Inthe abors frzure, we sza that poar | (12 Bt dover) dmss the saar 2 (e, It e or followeer ) 'm
the oppestte direction Smee the gesrs 2 and 3 are mommbed oo the =ame shaft therefore they form 3
compourd gzzrand the z== 3 wmill refsts in the eoms direchon == thae of szar 2 The z=ar 3 {nhich =
sy the pecond drrear] divresths paard (Le tha [aat drreet o1 followes) in the sames dirachon =5 thaf of
zeap 1. Thin, we == that m s roverted zom framt. the mofion of the fivst o=ar ans the 33t g2 s ke

Lt

N = Hpead of dimoins s 1,

11 = Numbe ot testnon-drmnms 223 |

r = Frich cocls redus of dmang sear |

M-, N, £ N, = Numbes of teath an mspecine E=ar

11, T & Ti=Nmmber of tecth oo respectivs sean

12 T2 & re=Pirh corle sadne of respectve gears

i’mtﬂue&lmbatmth:cm ﬁfﬁﬁ:hﬁ:f;suliﬂdfnnﬂlzgﬂ-imd4um
thareimre '

nidn=atn (1)

Alzn the sircnizr povh onmodicle ot 3l the sears ' ssmmed i be same, teerelore numbe of teefy on
sach zear 13 duectly proportional to = corumierenes or adua. Thereione

TAT=T 4T ()

Pradure pfus. of torth om Brizens

And, EFEM Ratig = Frodict of no. & Tecth o Irivers
N ToxT,
I . L3
Ne TixT:

Trom agoomons (1), (2 and (3], we cam dafermme the momber of t2&th on sack s=ar for the srven conirs
distanre: spead Tate and moduls omly oher tha momber of feefl onone pear = chosen arharanty

The reveriad: gonr e e thed in astometive tramansssions; lathe back geura  industrial speed
red.l.mﬂ:.,a:uimslz-;dﬁ R = ﬂam.imﬂ-amhﬂ.a]nﬂs sr& Co-gria]),
Epicyelic Gear Train:

inan epinyelic s2ar tram, the ass of the shafie on winch the zears are mownted mer move relatme o a
fmed

A smmple epreyelie searfram. 3 shovm in above wisre s gaar 4 and the sym € haw= 2 commne axm st
o Ibmﬁnthﬂﬂfﬂanth_JnEnmhiwﬁlgﬁrﬁmﬂbzﬂ avrs oyt st O | #bout
which tha sear B can rotate, If the arm s fined the sear tran 1= sample 200 gear A con drive prar B or
vire-v=rsz oot if SaarA s fixsd and the anm = rotsted sbootthe axm of gaar A (L2 0], than the zsar
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B is forcad t» mists upoe and aroend e=x A Such 3 motion 1 callad spisvelie anid the zzar tram
.mmgadﬁaﬂimﬂmmtﬁn.marmmanﬁﬁm mmhmmmmi.mtﬂmﬂimmmhs
Ze kmown 2 geeyelic gear ormimy {4 thesn: upon 304 yivhe means stcund). The epscyche gasr trams
ﬂFh_iﬂﬂEG:ﬂrﬁﬂmﬂ

Arm C

Ihe emeseho geay rames zre usafil for travemittme hish =ioeny ratios with samrs of modenre e m 3
-:mmnuvehlaazrp& Tha spizvele == i 52 ua,-.-:!m:h: ha:t_gm'ﬁfhthr_dlﬁ'zmnﬂ_m
of the mcenobilss: hotsts pulley bloske wriztwatelias Ste.

Velocity ratio of Epicvelic Gear Train:
Lot

T. = Speed of itz goa |,

Ts =Humbss of testh on drivine sear 1,

Forst-of all & o= seppose thet the =om 1= fixed  Tharefore. fhie zxe= of both the sesrs are abo
P relatrratin asch otber Whim the sam A makes ane f=molutios anticlsckomss, the zor B wll nesle
1+  Ta-pohmors, dockwee Aspmmme ithe mhelockagss romhon 25 posstive and clockanse 2
nezstine, weImey sy et when gear A makes = revolubon, fhen the g B will smmkes (= T ' T
rephtiona. This strtament of relshive mohon i-enfered m the =t row of the tabls G shownom skl
telow)

Secomdly, of the pear A malkes — xreveluhons, the the gesr B will mske { —x00 To 0 Ta)
replutions: This wistemest = mmisred m the sscond row of ths {shl= In otha words: meuitiply sach
mfuﬂsﬂfnﬂuﬁ:;trmjb}':_

Thurdly, sach slement of zn spicyehe fram & gren — v sevolutions and entered m the third romw,
Fmaly, the mobon of ezch el=ment of fhe soap tram 3z added up znd enfarsd o the foprth o
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Step ditions of siof Rervolistiams of mitlon ’i
| M. | O of Mot AmC | Geara GearB |
Arm Focad s A rotstes ‘
1 throush — | resolntion j2 | ] =1 ;Ti
1 mnciocinias b
k N _Aﬁ.-._--.:%ﬁ-—.--..._ — _FI _H _T_;l 1I
2 G +x
fhronsh —x revelutione Tn
T Add v serolutions 1o =11 | AN
3 — +y ¥ +¥
X% Ta
4 Totz! mohon LN 4

& atfls comaaderation wall show thet vwien hwe 'condifions zhont the mohon of rotation of =ny
twe element= are Inonn, then the nnlmown speed of the thud element may be obtamned by sabsiiuting
thte zvven dafa m ths therd colurmn of the S Tow
Numerical No.- 04
In an epicyelie goar mrain, mmmﬂmmﬁm A and 3 having 36 aad 45 testh
rezpecively. ff the arm rotater ar 130 r.pm: b e awticlocheine direction abose the center
of the gaar 4 which & fiesd, determie the speed of gemr B {f the gear A tromns of being
Joved makas 300 rpom i the clockwiza direction, what will de the zpeed of sear 37

Sohation:
Given: T. =3& ; Tih=43; Nr= 1530 xpm (amcjockos)
- Step e e 3% Revolutions of motion |
= -l.'mﬂ-ﬂl}ﬂ.iﬂ oiion I f - |
' o b AmC | GearA GearB
1 twoiesE = ] sevolution i, | G =) T_"‘
=, anticieingza "
[ Arm fxed-zear A rotates S ;-:4
A . S a +x :
| toromgh = reohthions Ts
| Add—yeoltemwmall
3 ‘ — Ty ¥ +¥
- . » T
4 Toalmobon oy x4+ ¢ F_IT A
| =2
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Spozed ufzgnrﬂtﬁ_m =dar A Iy fixed:
Hince the spead of mee 1 [30 rpm. anticiockoiis theslms fom the furth ey of the tabis v == 150

Lpm

Alza, the ssar A s fived thatefire x—7=0 o x=—v=—|3lrpm
- Speed pf zear G
x % Ty 1503 36
_— L — — q e —— T 2>
Nz =1 T 150+ i= +270 rpm

The=for= zpesd of Gear 8§ = 170 rpm enhelockwis= (Any)

Speed of gzar B when gear 4 makes 300 r.pon clocknice:

Simce the gear A makes 300 rpm sinckoss, therafore from tha fourth row of fhe tahie;
E-y=—30orx=-30—y=—300—-130=—430rom

‘. Speed of g2 B,
3% T . - 450'% 36 .
Ne=v— 7 E =1:ﬂ+—45-l———-+51131-pm

Thestore, zpesg of Crear B 2 510 rpm annclociorss. [.FIJ:IS]

POSSIBLE SHORT TYFPE QUESTIONS WITH ANSWER
Quesiion No.-01:
What do you ongerstand oy (mechanical) pnnﬁtanmﬂssm‘

Ans: Mecbames! power trmemzsam = the trmafer of seersy Som whers 1t's genersted to: 3 placs
where 1= uzesd to neriorm work puns umpis maskmes hnlge== and mechanyta! oower gEEmnIzen
aispant:

Duestion No-02:
Whiat i=belt domve?
Axis: A balt dree is = merheniem. in Which posver B tomsemtied by the: movemesnt of 2 commuoe

fiomible belt 3t 1= mad W trEronmd rohifionz] moton fom one chaft 5 Enother by meane of poflews
wizch rotaie 3t the same spesd of ot differsnt speeds.

Cruestion Nao.-(13:
BEE:I}ETERIEI'. @Eho of belt depve [5— MYT EI'QI
Any: I = the rafin betuman the velorities of the driverand the follemes o dimee.

Ny oy

Mathematizally, Velocity Ratio, 3 = 2
i
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Cruestion No.-[M4:
Wtz down the sxpression for the length of belt for open belt dnive
Ani: Lexth of Balt £ open balt difes i

_-_rthl-
L= mirs +7s) + 2:+{1—

Question No.-05:
Wite down the expreszson for the length of balt for cresz or twst belt drrce.
Ans: Lengtirofbelt for ooz ortwst beb drmve s

(r 1+faJ

L=miry+r:)4+ Ix+
x

E ticn No-{6:
Ans: The ratio batween the balt temsicns of flat balt drrs 4

Question No.-07:
What do vou understand by centrifizal tension?

Ans: Binze this bol fo continuoosly roms dver the pollevs. torafive. soms comtrfizal forve 1% cansad
whbzs affe = o incresss the temsion on both tisht =21 well = sledk sades The tommion dacsed by
gﬂfm!ﬁx&:saﬂeﬂ&'anﬂfﬂgdfmh

Crueztion No-08:

What ¢z mitl tensom”

A Thes the belt & womnd rmited the two plles ots e =ede = joined togather oo it the helt may
mmaﬂiﬂpﬂﬂu—hﬂnﬁhmﬁfﬁeh&hmﬁhmm&eiﬂlﬂu
goramed e @ firm erip. doeto fchon betnseisn thehalt and the pullers In order tor inoresss s =rip, the
bolt 2 hisiened pe A fme stase Sren whan the polles are stehomary the bell = zobjectes to somma
Question No.09:

What 1 crowning ﬂ-f:pl.lll.f::"-' 8- 201d1s "'i'ir"—lE'S-—I?}

Ans: A ovened pullsy i 2 pulley that he 2 dizhe huovp iy the muddls, tperms off e so aliehiiy
A crowmad pullsy & osad to movasss fhe stabifity of the belt om the guiley. and to Tun 3¢ the cantar of tha
pralley withoot shipens off fom fhe adpes

% ticn No-10:

What 12 circulsr piteh?”
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.h!:ﬁ&ﬁed:ﬂaﬂgmﬂmmdmﬂlﬁmfﬂm :rﬂiuepijmh.r:ini&.&umappm-;ﬁfnmmuﬁ:tn
the cerrspomding point on fh= naxttooth. s wsmally denctad be p

©Mzhewghrzllv,
=i
Fl— - T

Cuestion No-I1:

Define dimmetral pitch

Anz: i w the raho of nomber of teath to the pitch ~r=ls dismeter o milfiestras It s demcted by gy
M zthomatesihy,

Ro

I
=)

I
2l

Question No.-13:
Defins midute. [S-2011 12W-18/5-18]

Ans: = the mhio of the privh cwcle dizmater m muilinesti=s to: the momber of teeth B = masiy
d=notad oy m

% fathemoticalhy

=3

X i
m= —=
Fe

No.-113:
Defins sear train and clasafy .
Ang: mmdgmﬂ ar ==gm used fo inrvezsa o decreec= the spmad of s deeen
sEuft ia called peirrais
(Gezr trare are clenfisd =5 follmy;
Sanpls ==or t=in

Compesmng gear tram
Reovested =aran

ﬁ'p."ua-&' gl gearfram
Qusstion No.-14;
What dovou mean by epicyelic gear train® [S-2018]

AnR: The som trama armaneed i =ch 3 mannsy that ons or more of ther memkess move mpon md
aroond ancther menber are known 3= epeciTie Eem traEn

La LIJ-r.I-!—I
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POSSIBLE LONG TYPE QUESTIONS

1. Dierrve an expression for length of belt for open belt doe [S-7015/12]
2. Derive ansxpreszion for lenoth of 5t for cross belt derve {5-2010]
3. ﬂmvﬂan&qrﬁamﬂfﬂ{tm of belt tenstons. [W-2018]

4. TWrite shoyt dotes om v+ belt and v helt drives.

L

Diescribie the working principle of epicyclic geat train [S= 2011]
6 Describs the wetking principle of reverted gear train. [W-2018' $.3019)

7. Fnd the power transmitted by a belt naning over a puller of 600 mm diameter 2t
200 1 pm The coefficient of friction between the belt and the pulley & 025, ansle
of lap 160° and maximym tension m the belt 18 2500 N [$-2019]

3. A casting weighing 9 kN hangs freely fimm a rope which makes 25 tums round a
drum of 300 mm diameter revolving at 20 rpm The other end of the rope = pulled
by 3 man. The coefficient of fnction 13 025 Deternupe | The force requured by the
man, and 2 The posver 1o raize the casime, [5-2018]

9. A leathisr belt = raquired to transmat 7.3 KW from & pulley 1.7 m o diamester
roamng 3t 250 rpm The angle smbraced 18 1657 zad the coefficient of friction
between the belt and the palley f5 0 3. Ifthe w=fe wosrking stress for the leathar bel?
18 15 MPa_ density of lsather | Mo and thickness of balt 10 mm determme the
width of the belt takine centrifizzal tension into account. [S- 2012]

10 In an epicwclic sear train - an anm cemes two gears A and B havins 36 and 45 teeth
respectively. Hihe ami rottes = 150 rpm m the annelockwise diretion about the
center of the zear A which s fixed] determine the speed of gzear B i the gear A
mstead of being fived makes 300 rpm m the elockwise direction what will be the
speed of geac BT [5-2018]

L1 Dersve an expreszion for power tranenmtted by an open belt. [5-20159]

12 Depyve an expressicn for speed ratio and tram value for compound zear tran: [5-

015

=

rhEERTEEEET
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CHAFPTER NO.- 04
GOVERNORS & FLYWHEELS
Learning Objectives:
4.4 Function of governss
4.2 Classiication of soverror
3 Workime of Watt, Porier, Proall & Eavomll governsr:
4.4 Concantual explemrion of sansifivily, Stabifity and izocihroniom
4.3 Fimetion of flvwheal
4.6 Comparizon batwean fywhea! £ sovenor
4. 7 Fhuetuation of energy and coefficient of fluchemion of zpeed

4.1: Fonction of ErHor:

The fwchon of 3 zoverner i to regulsts the soan speed of2n shizmas, when thers e vaations mn ths
load:=s  wdven 'the |mad on on ensine Moreases st waded darreees therefora o becnmes mece=my fo
wmicre=zs the soply of workons fud On the sther hEnd when $eeload on the etzne deorsases s
=Zpesg meTeases mud thys les= wodong fud 1= ragumed. 1 Bs sovemnor Futomaticslly controls the suppiy
Limits:

4.2: Classification of Governor:
b Cenmfuss geemms
2 inste gor=mors

Ths ceninfuzs! sovemors e Sotier e dazafiad 22 Sllows

i_f.!a'nml'l.tgul Elwernu'u]
|
- ! |
Fendulum type Losded ty
e

: [Lasieayoe

Watt Goy ernor ' _l j
| Dread Wikl ght gov -rnnn.l Bpring controlléd goveimors
i

r 1 _

Fart Governos | Proell ﬁi‘fl-:lu'rnull
| |

Hartnell Governor | | Hartung Governor Wilsen-Hartrell Governor | Pitkering Govarnor
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of Wari Governors:

The dimpisct foom of 2 sorirfies] posemnr v 3 Walt =ovemor. Tha cexfrifoest soveamors gr2 bassd on
the hatmnoing of conirifuzs! fure on the rotating balls by an equz! and cppowmts dial &xce, Imovm =
the copfrofime foves (2. the fores mimch &= promdad sither by the achion of sy 33 m Watt' Pores
Proall sovemner or b 2 spvins 23 i case of Hartnsl! sovsmoe)

Bevel gears

i conwar of two ballks of agoal roass wiich ars aftached fo the mﬁa-s&’:ﬂ]llmhnmmaa
governor bells or flv bally. The kalls r=ol=with 7 gpmadle wdich iv drrren by the ensins through bevel
grurs: [ he uppe=ants ofthe zrme mre preoted fofne smndle zothet the balls mavy == op o Gl down s
ther revolve aboat the verheal aos The armes ars commected tn- the linky to 2 sleeve. winch i keyzd o
the spdndls

Thiz zslesveraroive wiih the spmdls; bot czn shige op =ng sovn. Toe balls and the sleave mee whenthe
Ayuﬂ_ipadmﬂndnﬂanhmﬁimeﬂdﬂma In ardey fo il the vl of the sleeve m
mdndmmmmmm Siﬂmpmﬂdmmmﬂaﬁeﬁﬁamﬁd
b 3 Sell syomk Iover o 3 ootz pefee The sappiy of tha wooriome 8md dacresse: whan the cleeve s
and mrresses when i falls

Workine of Porter Governors:
TEP:I&E@.—-EE'ﬁimiiﬁamimnf;ﬁ'm'emmihqﬁhﬂhﬂ'mﬁdt:th&ﬂm The
load mo=s wp-and doem the eentr=! spindls - Ths sdditroml dovomeard foece moeases the'spaad of
revohrtion regumed (o enzhie the o2l to 758 10 =ny eoctammed level
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et W= Elagye
|

Working of Proell Governors:
haimdrﬁnsm:ufﬁaiﬁam The Prosll sorermex has the bally foed = B and € © the
zl:tm.ﬂ.nnnf!'halmhﬂf..uﬂ;..ﬁ_ ﬁemﬁm&ﬁmmﬁﬁﬂ?mﬂﬂ:&pﬁhﬁd

P4
—i
F* < i
I ‘;‘\."E-ﬂnl‘rill
o Load (¥ )
|0 _E*
[ | skave

Workine of ell Governo

Aﬂnﬁmn:m—mdm hmﬁmuﬁuﬂﬂmﬁm;:ﬂtdn&u
pzui::'ﬂEﬂt&th&fnm&*hﬁzmu:ﬁzu&i&ﬁmgnmqﬂdhﬂdﬁaeﬁazrﬂ:t&nﬁhn
Each lever carrize 3 ball stths end of the c==tical arm OF and 3 rollse # the =nd of ths horizortal arm
@R A nelical spone m compresmon promides aqual dowmward -fecss onthe oo ol (R & B
thrgush 3 gallar on the aleer= Tha sprms force may be admated by sorewme 3 mmt op or dewn oo the
zla=s

Faa s



MNut

Spring

Bell crank lever

Collar
Sleave

4.4: Sensitivity, Stability & Isochronism:

Sensitiviry of Governors:
Eeﬂhmmumﬂ,ﬂﬂk&nf&sak&tafgmmiﬁagﬂfaﬁmﬂﬂkﬂfﬂuahaaufgmmﬁ
Ttiz thes smad that the sovernor A 35 mars zenutive than the severnee B
Semaireety mmy be definsd a3 the raho of the diffmees betvesn the metirmim gnd miremm
aquriibrmm speeds o Haa ressn eom o spead.
Lat

W = Mmmmem =milibrmm spaad.

W= Abmeem aqumbthrios spesd

E:-T'=!|‘£5mq:[m]ﬂ:m_mmapeﬂ=

Ny = Ns
|

Ne=WNy _ 2(N:=ND) _ 2 (wi—tr)

= -
= rwmm———

N J."I_t—i'.ﬁ': -‘..ﬂg_-i-ﬁ.‘l:
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Stability of Governors:

£ zecamor 1 s 60 be d=bl=vhen S em apmad withie the wirkine rance thara s 3 dafimis
contsurahion L&, thee 1= only one radms of rotahion of the govemor halls sh-wimck the sorarmor= m
aqmbibrrom For 2 stable spremor, if the sgmlibmm spead moressas the radms of seremor balls st
ahs inrreas

£ sovernoe s sEc te be uretble fine radius of rotation decrestes 35 ine spesd meTEEEss
Isochronism of Governors:

A sovemner mandto hemthmm&emhmmgm (1.8_manze of spead 1= man)
For 3l radii of rotetion of ths halls vtk tha m%enguch:_ﬁimm Thenuﬂ'h:u:m.uiha
stz pe ol infimte sesrtprly

4.5: Funcrion of Fivwheal:

4 fvenes! gsed In machmes sSrves 3= 3 TeSsErTONT, Winch @ores snarEy donns the penod when ths
supply ﬁmumt@ﬁm@mﬂﬂﬂrﬂm&ﬂmﬁapmﬂﬂmﬂﬂwmﬁ
snarsy 15 mors than the sopply.

——Hm
WL
i .
-\ r
| | :
(] Huly \
S L
,[_._....';.;. A p— .
_ _‘/:b = |
' ."(/H || Arm
i . II
Nl
—

iﬂ-nﬂlaﬁpﬂia.:lﬂ',‘uﬁfﬂ comrnls the speed vanstons cansed by the fnchishon of he sn=ms fomms
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4.6: Comparison between Flvwheel & Governor:

Flywheel Governor

ftsfores t‘i—u?ﬂnergv ang Ehe-; upthe Itreguiates the speed b-,'E.gLiaﬂng ﬁ_
enerey whenswer faoulred gurine oypcdle aquangity of fuet cuppiied to the engine
It has o control over the guantity of It controls the quantty of working
warking flud fhund,
ft regulates the speed during one cycis It regudates the speed aver period of
only time
It i§ not an extential gletnent Tor avery It is @n =<sential elemnent for Bwery
prime o primea mover
It is uead i bone, IC sMginet aic It 5 utadd in automobile vehidles otr

.7: Fluctuation of enersv and coeffici enit of fluctuarion of s

Fluctuation of enersyv:

The furtoshion of enapy may be d=temimed hgﬂutt:m.u:gmm—zm dinErmri for s compl=ts cyele of
sparation: Coniider the innmne woment dizszm Gr 7 =mels sviinds doubls zohins ctedm ehpme =4
shnssm s Fizure below

A
| Yl ___ b Msan resisting d
3 - e b e !
& ' |
E 1 { II
E - -
2 TrewM B8y 4 C PO L GE g
S | fl T
= ' v
] i
| b i

1

4

i

| i
a - g, .
0 P&y 9 80" ' ot % 380"

Crank angly ——»

Ths wanaton:= -of ensrey shive Zna below the mesn reszhns forgoe line @ e=lled finchushoo: of
sy The arass BOC, oD DdE st segresent fucimtions of snsesy

‘Pz | 69



R
- /h

—
-
L}
-

# Maan resisting 223
g tacquo e
' AREAAASEY
2 | T \1 [FEECEEEEEE
E L F-H:‘-F-._'f’_«;ﬁ-h S
= MNagative loop ;

’:a

J'J-'.._.. TRy 1}-,.' r
o WJW*‘“‘“”’L
Ii— Suction —-T-l-{:mnpmmun -UI‘—Wurh;lng —D-!d-EEhEIL.LEi-Dl

Lrankangle ———»

A liitle compderanon wall chow that the @n=ne ha: 3 moormmg speed sithar ot g or at = Thes n dmeto
this Bt thiat the Fyuthesl shaarbs sn=sy wiils the cenk mo= from pto g 0d fom r oz On the
cther Tand the ergine ko F minmunn spesd erthet ot @ oo 2. The'recson is that the fiaheel e ot
ﬂmeufmmmgywhmﬁhamkm—ﬂﬁm:tnpmiqm: The qiffersnce betoraen the mommomm

anud fhe mminsm speerss = Enrom as Humﬂ_ﬂuﬂnw&qfw

Coefficient of fluctuation of cpeed:
The differsnce betwzan the wunymuss gnd mimdwem peads dunis = crole ie eslled the vaoymaim
fMurmanon af gpeed The m?_n;lfi.h! mEarmyn Snchmhon of spesd to thes memn spead 5 oaliad the
casfficime of flucration of weed
Lirtle Further:

1. Fluctuation of energy,

m b
F_ _.. 5 — -
AE ﬂm:-:mn NN, =N = =200 mk=.N*C,

2. Coefficient of Bucmation of speed.

N ___F..F_
==t
3. Alzan spéed during the ovcle
4, Moment of Inertin of vwheel
= m,i;:
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Numerical Ne- 01

The rmass of fiywhest of i eazine i 6.5 ton=s 20d the mdins of sration s | § meters Bis
found frem the tuming moment diapram that the fuctustion of smecgy 15 56 AN-m I the
mean spesd of the engins 15 120 1 pm . find the mexyman and mmdmim speeds

Given:

m=4S 1= e k= S ar ==t 10" M m ; ¥=1

Lot N, =0 1> = ©Mazmenn and mmiseme: speeds respactiveiy.

sExip =2 2 NN — WY =T %650 3 S50 o
56 % gnﬂ“"‘_"k (N — Na) 555 % 0 x 182 % 1200V —&5)
— ?l? 1—5{'-.1'.: _;Ilrz}
P L
" aTe T AR — T e eI
i - 27715 J
We kmow that. Mean speet (39)
120 = u ul:n",i‘u"'1 +N. = 120 2= 220 rpm

N, =121 rpm & N; = 119 rpm (dns)

s | H



POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER
Cruestion Mo 01:
State the function of a govemor. [S- 20168 2015]

Ams: The fomrhon of 3 sotaEmor 15 fo =eulss the mean spasd of 0 s==me when thes e EnEhom
in e load o= when the lead on an enfife momsmses i speed deryeiass theppfire f beromes
mﬁma&ﬂﬁe;@:ﬂynfnﬁn@ﬂnﬂ.ﬂuﬂl&ﬂh;hﬁ whan the load on the en=me
deyeasas i rpesd reveezas and thus |ess pxles finnd orsred

Cuestion No.-02:
Claszify centrifugal sovernor [S- 2013 2010(EP]
Ans:
I Centrifugal Governors
1
' |
- -
| Peadulum type Leaded type
[ r
[_Waﬂ Governoy I I I
I Dead weight gwtrnnnl Spring controlled governors
|
. i 1
| Fort Govemor I Proell Govemor I
! I I |

Hartnzll Governor | | Hartung Governor Mis-nnrl-lulnﬂllﬁ-bﬂ.rﬂmrl Pickering Govermnor

Question No.-03:

State the function 3 fivivhesl [S- 2018]

Ans: A fiywinesl ngs2d m macimes serves 33 3 fESEnO. Wik sies snergy durnmg the perod wine
e mmpply of EpErsy j=-rmewe then the securemest and relesses b dunneg the pend whes the
Quesiion No.-04:

Differentiate between Flhviwheel and Governor. [S- 2017/ 2019}
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Ans:

Flywheel Governor

Itsiores the anergy and gves up the | Itr=guliates the speed Dy resulanng the
enerey whenaver raguirgd durine oycle guantty of fued suppiied o the engine
It has o control over the guantity of It controls the quantty of workag

warking flusd fhund,
[t regulates the speed during one cycle It regufates the speed aver period of
only time
It i§ not an extential pletnent Tor avery it s 3n 2csential element for svery
Drime st _ primea mover
ITie dced In tows, IE angines 2t it e used in-automohile vehicles, gic

QOuestion No.-{15:
Diefine co-efficient of fluctuation of speed.

ADS: The aiffeence bornean the muxmum and wommoen peady domns z-cycle 35 cafad tha
moymvnm fixcmanon of speed The rane of the meomum foctuston of speed 1o the magn spess &
szll=d the eowffictens of Mucrussion of speed

POSSIBLE LONG TYPE QUESTIONS

- Explain fha vorone of Watt Govemor with neat sketch  [3- 20147 2019]

. Explain thaworlans of Porter’ Proell Govemor with neéat slatch [S- 20157 2018]

. Esplain the weeline of Hertnell Governot with seat sketch

4. Wnt= short nots on fluctnabion of ensrgy. [5-2018]

5. Thamass of fiywheel of an enmne iz 65 tonies and the radiss of syration = 18
meterz: fis foond from the tursme moment doazram that the fluctuation of energy
iz 365 -m: ithe mean speed of the epgne 12 120 rpom . ind the maxemum and
mintrmm spesds: [S- 2018]

bid' bed
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CHAPTER NO_-05
BALANCING OF MACHINES
5.1 Cencerd of siatic ond dynepwie balmwicing
3.2 Naiic balancing of rol@ing pars
3.2 Frincipies of balarsing of réciprocalilg nares
I 4 Conmas and offect of wbalanee
3.3 Differenre Setween sralic (i aynanis - baiancing:

=.1: Concept of Static and Dynamic Balancing:

Sowads, e E nmﬂgnm&mmﬁhﬁé@dmbﬂj‘ of 2l iomd aurh
2 atoinss grd CNC machines ete so s i somplsts the same work in 2 leaser time It &, thaafors
very essential that 3l the soisting and reciprocating parts -whould beeomplstaly balanced 23 B 2
pomsmie I insse pariz @e ot piopsy Deanced the Jvesmnc-forces are == op. [ hess Dwces oot ol
- #ven dan=erows FRwatisn m i

Study of balatirins Trrhees two types of problams. samels

| Balancms ofrotatms maszses
4 Dalenrms ofveciprocsime masss

Static Balancing:

Thesigtic or strdm= Balmes of yotstine noeses axist if there e m eqmbbrmer amans thenmstes
whan ot nmmms. regardiess of e posfion o Winel the-maz=ss may be placed

In cther words. pinle m Sote habme= the cenire of gravsy of all the rotatms masses Frem m 2 fmed
postiom felatne 0 the fame of the marhime whem oot runnmz, Ezandiess of the posihon |:-f=.n|:h

MIEIIEL

D -

ihe dmsmyr blsece snds whan mama forces 3nd coopl= exerted by the rot=mn=: massss == m
agmbbrmn armons thamsedies

5.2: Static Balancing of Rotating Part=:

The procesa of providing eountergrtine mas maszes to millify the =t of unbalancad confrifes]
force orforves cansed by 2 rotatms mises - meseac e= called Belawomyg of Rovomng Mames

eage | T




""l,-_*;*., — = __rf:*’i"-."r m&ss
LLE /
{:_.!.:' -'r.l
L
] — e — '.ﬂ_n}!'_lEﬂl Fﬂlﬂﬂﬁlﬂ
I /
| j B2

! ~Balanoing mass
n@——— @

When several masses rotsie m 2 sm=le plans and i the reenlbiang of all the sontmifu=al fovee & zore. the
sstem = smd 1o bestateslh halznesd The process followed o acimce the' s inmgwn 3 senr

balancing

3.3: Principles of balancing Reciprocating Paris:

Wz lmngwe-that he sarsns fwcss zctme on the tecisncstms parts of a0 snsmne, Tha resnlizet of 21l tha
hﬂMﬂh%ﬂEﬁEﬂgﬁ;ﬁEbEﬂhﬂEﬂﬁmxnﬂﬂIﬂ foere o
ﬁ:hngﬁmmufﬂmuhﬂcfﬂllh&'ﬁnﬁa&eﬁmﬁ_ﬁsﬂﬁm then them wiil bean

.
- -
an _..--"""Hf-':'ﬂ' = 1‘-.
| 'l"' r l \
Add il EEd e j FE TFH.. \
P — ! fﬂ;:ll' '
" m -.' ----- r— '-'I p— *’ H — —:-
ﬁ FTTRFFLT F“ IFHI'I = Fl.} i
'ILII'r ;
< X - ! A
b &
~ o =

Let

Fs = Farce requesd to 2rcelersis the reciprocatine parta,

F, = Irartzz e due in megprocsimes party

Fu =Forca on the sides of the evhnder-wialls or nowmal Sorce scting on ths &rosehend guides
F.i = Forre sctmz on the cranishaft bearms or moam besmrme
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Sitre Ty and F. ar= squz] in mapmitnd= bt oppeaite in doection, therafore they hElimes ézch
sthar. The hormonts! component of Fi (ve. Fyul 2cting alons the hne of recipyocsiion & zko equal and
preste i The dre Fyn=F & mmhh&diﬂ?_&mahh;ﬁmﬂmzi.mhemi}'
balanead '

The force onthe sides of the cylnder walls (7)) 2nd the vertes! componsnt of Fy (L2, Faod 22
syl and gepeast= and te e 3 shabwe coppbe af peepinda Fo s xar By o2

From above we == ihs theoffect of the recirocaiine paris = tn podoee = shaltme ece and 3
shaems Soupke Emihaahmﬁ:mﬂiihmn,mmh'm} m mazainde and dmechion dirms the
sngmz ¢yvie, thasfors ey coss vary obsechonabls sikratons

Thue= tha porpo== of kalmnems the recgrorstme masse: & o abmmatethe shelbme fores and 3
shabms couple. In mos of the mechanmms. we com redurce the shakms foree and 2 shaline couple by
':ddigappmm:i&hihuuugmhﬂu umﬂrnﬂpﬂzh:ﬂbumuﬂ!.mmﬂﬁﬂt In athar
witds tha reciproeatine mmszes zre onby partialiy batanced.

.4: Causes and F fiects of Unbalance:
Causes:

Losss of iiazs from the mischms porte
The chape of rotaims shaft 15 ansvmmstncsl
"Ee..mﬂanlﬁn:fr. emform ssperml by mcastms
Any defrmstion s sxetng dus bo distortong, s
Impropergezsmbly
Addwion of kay or ke wayz
Effects:

. ANsior et of mplzzaant and detresrons vibiathion m mackmes
oEe modnced

1
1. Settme op of undesir=d siress 0 machme parts
3
&

O b el g e

Izesed mamtapance

Thes = the ahildy of 3 s5=fom o balsnee wilz 38| Tha = the shility of 2 syziem 1o balance while
| rest | moton

s i =g

iuﬂ:ntm.ﬁum of the masses of the [n thus cass alz=brepr sine af the mamecds dhogg
i E_!:E‘ml]ﬂi‘l b2 an the g of rotatzon | i:rpn:md: mﬂss.:;lmhm.tham.
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POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER

Question No.-01:
Define static halancinio [5- 2014 16 18 15}]

Ans: T vy b dafined 23 tha process to balimce sevessl miaszas rotaines o 3 amsls phine wiem the
resoliant of sl the ceninifuesl Sorr=s = 2z=mo

on No.-02:
Define dvnamic balsancing

Ans: Ity be deimed &5 the prodess fo talimes s=vezal rotstine s boms 1 diferend paralisd
planss when the resnltant of ceatrifossl forces amd cogplss & =m0

Cuestion No.-03:
State the causes of unbalancwno.
An%: The czm=as of unhalance m machme part= me:

Losss of iiazs from the mischms porte

The shape of rotafine shaft 1= anesmmstrees!
The mzi=a! & not mufom, epecally m czsims
Any dafbemation = smsting dos to distorion, €z
Improper gezamply

Addon of key or kex gy

N

POSSIBLE LONG TYPE QUESTIONS

1. Differentiate betwess sisfic sod dypame balancins [5-2015) 17]
1 Wirite short note on capses-and effect of unbalance - [3- 7016]
3. Explun about the need of balantang of reciprocating miasssa of parts.

A AR AN R
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CHAPTER NO.-06

VIBRATION OF MACHINE PARTS
& 1 Puroduction to v iration med reimed e (Ampiitud, Time Pariod Ciele &
Fragusme)
5 2 Clazsification of Visration
8.3 Sasic concept of Natural, Damped & Forced Tidration
6:4 Torzional e Longinidmal Vibration
6.5 Catisar and Remadias of Vibration

6.1: Introduction to vibration and related terms;

Introduction to vibration

Whan =hsie h:itsm:hhifpna_abmﬂishﬁm&pmdﬁmih-ﬁqﬂmmsmah
the application of external foroes and then rejezssd, they syecite 2 wiirmmry Moo of vibramon,

'Hm:aiu_t-thumﬂ:ﬂ,wha;hﬁy&dm&g_mlm hzihthmni'.efht'zﬂﬂnin
enarEy FrE prosent m the bodv, It ralazas theca forrss hrine the hodv to by ofemsl position TWhen the
enz=y iz 1o which the bedy romtines o mm= m the oppost= drection. The wheks of the koneter
snerEy it 3cEn corvetsd into strsin ssersy dne o which the body agam returm fo the equibibrmm
postion. Inthw way, the sieaiony mobon = repegtad micimesly
Important terms connected with Vibration:
1. Period of vibration or Time Period:
If = the tme meeral after winch the mohon @ fepeated self The nenod of vibrahion = usmils
ExprEsisd M Esornds

2. Cvele:

e ————

T = the moten complated durmg-ons time pancd.

3. Frequency:
B i mnpber ol ovckes desorroed tmons second In 5 1 o the Heguency 5 enprescet m heix
Moriafh uusiten 25 He which = agual to ane cocls pr secend

1. Amplitude:
The sy diaplemart oy distanee mo=d by = pom on 3 vibrating body o0 wavs magmwed
from ity aqemlibemm posmion - Tt 1= uasaih: soprassad 1n mebere

FEg= | 20




6.2: Classification of Vibration:

Vibration
! |
— oy "I L
Naturai Forced Damped
Vibration Vibration Vibration
. o W, d
' o .- | .i %
Longtudingl Trannerss Tarsional
Vibration Viberaticn Vibration
o i, i

1. Natural Vibraton or Free Vibration:

Whan no extemal fores acts on the body, afler gvme o am mohiad deplacsment. then the bads iz sad o be
i free or marwral viliurions The fraquancy of the fras hraimne is called free or marirn! freguency.

2. Forced Vibration:

When ths body vibrates gnder the nfloence of sgsm! feve, than the bodvy = =) to: be onder forced
vibpusiony The estzrma! foece applisd 4o the hody & 3 peredes deiorbme fxes oestsd br unbelinrs
Theribretions davs the same fegoenry 25:ths q;:JhE! fozce

3. Damped Vibraton:

When ther= 18 2 redertien inamplinds o=y =y Sycis of swatvw, the motem 5 sxid 35 be dnmiped
vtbrarion. Th s due to the St that 3 cetzn amomt of ensr=r possezad by the virshne sy=an i
zhwzys dnzspated i cvercomme fnctomal resEtance: 5o the mntion.

6.4: Lonoitudinal. Transverse & Torsional Vibration:

FEz= o9




..-".f...",:f..".-"f..-"f -"-"."'-‘.-l_'r".-"f_,--" PP LT
| it |

' | Shan 3 i ¥

I -. ! [._ I:l

F o 11 4 '

i ) K | r.-‘__a | 4|
==t B i Ci
- g AZEN

=
N

B = Mean posithon o F anel © = FExtreniie posibbonie
[a) Lomztudsal vibratrons. (60 [ransverse sibubons (o} Tomonal vilwaiidhs

I. noifudinal Vibration:

Whan the partcles of fhe shaft or dec. moves paralls] to the zxm oi the shaft == shown m Fipare
iz}, then the sihetene o= own 25 lonpiradinal wibratnons In ths sae the shaft iz slvreated
md shortesied sisrnstsh: 1nd thms the tersile nd compressivs sirscias o= mdured sksmaisl m
the ghaf '

1. Tromsverse Vibration:

Wi th= prticle=s of the dhafl ot doe mew= apEoarmataly perparalvalar {5 the ses of the dhaft
25 shovwn i Figwre (bl then the vibrabiora ars bavwn 2 anrvsvse wihramone In ths szi2 the
shzft & straieht aned bent stemtely =nd bendmg styeszes zre monced m the shad

. Torsiomal Vibration:.

Wien the mnils of the duft or fiee move m 3 orzie stont the s of the sio# 3 shown m
Figtire (e}, thén the 1iwations s knvwn 25 mivionel wifvimions. In thiz raze. the shaft i twited
i unhwisted afermatetyang the torsonz] chesr stre=sps are mvhined m the dhaft

6.5: Causes & Remedies of Vibrarion:

Remedies

Causes

= Unbalanced rotating/
reciprocating parts.

= Loose fastenings of the
moving parts.

= |[ncorrect allignmant (in
coupling).

= Warn out/ broken testh of
EBArS,

= Loose transmission belt,

 Proper balancing the
rotating/ reciprocating
masses,

 Proper tightning and
locking of the parts.

= Carrecting the
misallignment.

= Replacing the gear,

= Tightening/ Replacing the
belt.
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POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER

Question No.-01:
Disfisie vibeation {3 2016 19]

Ans: When shisti bodies surh 33 2 sprue, 3 heam and 3 shof ¥ displarad Fom the ageilibroe,
postion by the spplicstion of exdterm] forces and than teleazsd they emammtz 3 viblamry motion of
sibraen.

Question No.-02:

Define fres vibration. [3- 2015 18]

ex3d to be undesr frer or sonmeral vitrenoRs: '

Ouestion No.-01:

Define damped vibration {S- 201§]

Ans: When the body wibwates ander the mfinencs of sderml forre, then the body = samd to be mmder
SJereed ibravioms The -extermnl Erce apphad to the bodv s 3 porpde distrbaes forcs:created by
unbalzncs

Question No.-04:

Define lonptudingl vibmatinn. [5- 2015 18]

Ans: Wienthe prnﬂaaqxfﬁ'ﬁihﬂm drer eprvas palls] mlh!.—_‘s_:-fﬂilshi.ﬂmﬂnﬂ':ﬂﬂmm
len &= bongituefinnl wxhrasions In this zz=a the shaft is elonestad znd aborfensd sheratah- and the
the tepzile and conmpmessros ftreties ove mdnoed =Xemuisly m the skath

PO LONG TYPE QUESTIONS
1. Differennats between Tee and forced vibahon
2 Write short nate on cansss snd remedies of vibmtion. [S- 20177 18/ 19]
. Expilain differeat frpes of vibration with nst skerch [S- 2019 (B2)]
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