HERTY Iy o7 &1 Hees, Gaig

(TG (1SO 9001:2015) (ISO/IEC 27001:2013)

SfYFIET 3MTfor d5r3= ueiddT

fRreror gitaer

(Learning Material)

A3RT 3T T2
Theory of Machines
(313313)

g SfHgifAs®t T

HRTAT - §Usit (fgHTiI®p) Hreaw

EfYifRe! 9 da3m= faay 9 Y 97 uefae)

aharashtra State Board of Technical Education




Theory of Machines (313313) 3R} 3 AR (313313)

fRreror g

(Learning Manual)

3R TP AT
Theory of Machines
(313313)

TRTST-ge1t fgHTiY® wreay
EfgiR® 9 dEmEde foay 9 91 93 uefaen

HERISE s d FALTOT A, HaS

(FRI) (1SO 9001:2015) (ISO/IEC 27001:2013)

Maharashtra State Board of Technical Education 2



Theory of Machines (313313) 3R 3Tth AN (313313)

HERTE T o [0Terur #ea

(ETI™) (I1SO: RooR:R08w) (ISO/IES: R900%-R0%3)
I G THR, Tl TS, ¥ ], BRaTEl, JiET (Y6), {8 - ¥oo 042,
ST h.: 0RR-BIWYIRWo /28R

Email : director@msbte.com Web : www.msbte.org.in

B IESSEED

et TSI el S HeRTg T o TU1eT0T HeaIehe URidehT SeTHshH Jaides! STemad Hvard Idl .
HROTHHTET ST I Y a1 AR HET STATE Ihel HIvaTd, aeeluul o FeaHTa= HIvarel g
Toremell S THesavaTeaT ATt quidor URied STIT HiEReh STHdTd, JeT CAreATdIa! STidiet Jred HHT Suf
Y BT, GheITcHS o HGiTaeh STed STehet Ul Eid, FHIcH ST GERd ST e SATcHavars
T el a1 Te TeET [SaR hEd Heahegd Seifurh Qg FHiFdr Fuard sTefel! 7 . HRd <97
BT WSATITSAT TR el STl 32T ST ATHIOT ATTCTeT TorRIeaiT diten TTeTor Sei=n HTsaT 316 7 Aar
Ik SIS ST9E WHSE =T 99 2leet a1 §eshiFTaT HeRTsg I59 o (U1e10T HewH uafaeh! wTriader
itk TTeToTehdian foemeai-T XSl-Sus it HTsaHTaT Yard SIeivreh I 032-3R IR IUcTed HEe
feeten a1 .

T I URU-00  URE WUdeT REOTE WiedeT Sd, SO fganeatr it
1T AR TR 3TifoT STNieR FHfoT SFRvaTel STevashal 31 . T STuET HeaM WRISH-Susi
iy ATz A Edid 9 Jaia TUie R STeTed 6 SudTd STl 2T, aud T idrel Iiiorh
TIiET Feriid TRTHRER AT UGS he AT 9 3T,

TRSeRT TTERIT TAIYTEI0T ST TSGR HYvdTHIe! HeRTETlel STIHal o a3l ST eI
TRIST AT o ST ATHAA i1 YIS Teeil A= SuR ] BRI - ST ST YU Qv Se] hotell
gaftior T A, aRommd:  [avaRaiia A sIaeT=An RS YUt hivaTd HeRTE I5d 3NRR TR J
STEATIF T YeHIU] WA TE AT SUTTeiel FHYU F ToaSal Shiqend UI 3T , 31 ard 9 94: Joh
Ffied sl !

T
. 3. 73 Torerr Hees, Has.

NNy
)

Maharashtra State Board of Technical Education 3



Theory of Machines (313313)

3R} 3 AR (313313)

SIHHTIOTDT

(Velocity and acceleration in Mechanism)

AP (ELEE G TH .
1 | gaYyd dad ATHOT TR (Hhi-er) d oK 1
(Fundamentals and Types of Mechanism)
2 | gt I 3Mfor waT 30

3 | &9 31T BraleR

(Cam and Follower)

56

4 | giaR SATURM (See, I 31T fRR) 77

(Power Transmission (Belt, Chain and Gear)

5 | GEIAT SATOT U Tid e 104

(Balancing of masses and Vibration)

Maharashtra State Board of Technical Education
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Unit1 JAYd dd 9 DA TPR
Fundamentals and Types of Mechanism
fawg freoht: ko uRfRRidia amaTe Aofe it I Sftr Sized o aTR &1 (Apply
knowledge and skill related to different mechanisms and its motion in given
situation.)
o et
TLO 1.1: o ohiem fafay fde onfor sirean siteswr. (Identify various links and pairs in the

given mechanism.)
TLO 1.2: e Sidldie fafay ysbrean et siiesr. (Identify various type motion in the given pair.)
TLO 1.3: feoe sipaHae fafdy draadicd da-siiaar. (Identify various kinematic chain in

the given configuration.)

TLO 1.4: fGoe SIhRAAIS f$3 3ifh Wwied w1al. (Estimate degree of freedom for given
configuration.)

TLO 1.5: d¥TavTeH Ao o Sge- Wy &1, (Explain different inversion of mechanism.)

TLO 1.6: avTaTeaAT ARG A7 Hoh 9 o Seged faeT.(Select suitable inversion of mechanism
for different application.)

PIOATHIC D 3MTH T2
mit=rar Rigia TR 9@ araia s fAunTeT smar:
a. PIUATHICTT (Kinematics): _Eﬂ IRt 3fip A== ot = 311% Sit darean fafay
YRTHES Trdef TRl d&fdd e,
b. STIFTH®RT (Dynamics): & [I3RT 3T T2 < 2RAT 3178 St JA=AT TARNS HURTAR
c. DA (Kinetics): 31 ISR 3iTth T dif ZMRAT 3ATE Sit FATAT HIRTTT GXGA d
Tt QH?"%HU&'UH'J:I'I?E Tt B1UM=T SIS RSN (Inertia Forces) Tafdd 31Tg.
d. TR (Statics): B FUSRY 3T T=M=r=h <t ZMAT 3HTe Sit A=f YT fasiidid sraam
F1it STOT i GRUMA gTdTesd. aHed YT d_gHT =0g TS S,
PraATHIe® @ fhar Tfede - A=i a1 Ud® R S gE=aT UK AU §TodTe (),
RO T (rotary motion) floar RER Tt (reciprocating motion) Eh_{?ﬁ I
HIIAHICH P (Kinematic Link) fdhar tfete wuram. [d@ fhar Tfodc 8 ax (Rigid
Body) SrUTTT 3axadhdl ATal, TUT ot UfaRIeU® T (Resistant Body) 31! UIigol.@m&
AT PIGNEED d¥q (Resistant Body) ¥UIdId, Siegl dl RIekdl BXAICRUT (Force Transfer)
BRI Id 0T 3HTHR d60 (Deformation) &Iﬂ‘l-lﬁl?f.
o AR (Characteristics of Link):
1. [Swmor gu=u fSmalad Tue Tdl (Relative Motion) 3T,
2. f%me?cri%ﬂ‘rw d¥] (Resistant Body) &Iﬂ?’ﬁtﬁ%@f
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| _ Flywheel
Cylinder — _pigton Smallend ~ Connecting [ Big end
bearing fod bearing

i 5 I/////llx\////l//l Crank
%
Cross
T |////'Hf//f"/‘a’ head
/ \ Engine frame
| [ !
L Piston rod Crank shaft -

FIGURET.1

SicgT fefehd ST U 31ATd o ThHBNIEd HORU (rigidly) SIS Teiel Srard ST d
UhHoh =l dad fthrd A8l ( o Ralfee div =gl degl i e worar aa et
15y T Udhd e Aiolel Sifdl. 3areruny  FIGUREHS grafddedr R A
R 7 fiRe, fRe e st i g€ § o yiT i U foias aime. Fifae v7s fam
T 31fOr T U dR e gorl foids 3118, i, diwRite i1 i &t i faast
foier o, RycieR, oM tha Sftr A9 o fireg At fefes st

e < fafay o - (Types of Links)

fifors foiw - (Rigid Link) <1 i A9 AIRM TRIHR $Rd AT $ocdlol Ugdid STHR
i seot ((SHRARA) Bid A6l @ Rivrs fofe 3 worda. R Jimas R R e
TIeTd HRdard ATe! o &1 a3 ( Connecting rod) 3TTOT $61d (crank) @ XIWTg eI
g5 A BR fSHRARE 81 A6l STa! T 0d fShHRH gid U I R foie s
TEUTA Ad.

FIGURE12 U FIGURET2 &t
fefors foiw
FIGURE 1.2 T ATd Rfors feies g AR 3118, FIGURE 1.2 &t 79 grafdaid dAfaedT s ST
e g 3 AT RfSTs fofes siied o fU Siise At a7 Had 3ied.

dafue e (wrfdsaa die) - 1 e 79 3R SRIWR HRd S™dHT Blet THTM
fSRARA gld dTel ifaad didh 39 WUdld. o & dec, AW, o9 A1 9—R 3
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TRifaad ol MTed of Thad 3iig HIRM TR S Yahdld.
FIGURE 1.3 T8 TrifIadl ¢l d JaI8-01 TgUH dec HTIUT Toits feich o Ia1evur uH gait
grafaarel Mg

ifeRTec ofieh
FIGURE 1.3
FgeS @ (Fluid Link) - Tgss fdid dgT daR gid) viesT TWIUS & HIBIRH fdbal IR A
U1 fofeh a1 g ol a1 MRH TrawR Rl S & grasifad U4, §Tasierd oo,
TSI S, FIGURE € T 3i3d 8 Uh Uegs feidh 3118 W fefdh 1 g ekl (force) &
fofeh 2 o TR (BXdiaRUT) FHRal.

PIATHIC P U3, (Kinematic Pair)

HIIAHICH U3R - Siegl AR alF foie fdhar uferic ThAsHT Sigdd 3RIdTd dT fadwoma
DI USR 3 WUIdTd 0T A=t Reifde dIRM (o Tds gTadnd) 81 daaitca
fobar ﬂﬁ@ﬂﬂﬂ?ﬁ?ﬁ\‘%@ (completely or successfully constrained / Ofceferd gTerard ) St
grfgel.

HIATHICH W3R o qffd ol ( Classification of Kinematic pair)

HIOAHCH USR WIelTd THTY SIfHRuT el SIS X

1) Tl adfia Rafes @ivE TaR.

A) TIATSIET USR- ST aH i & =0 Uy SIS 3ied & Uab fofe g fdid axal
WES (TORd) glal S Jferda Rafee HE 81 dreied |wq|ﬂa®ﬂgﬁﬁﬁf
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(completely or successfully constrained / UfETed gTerard ) 3iTg ATdl W[Tsie’ UsR 3y
TEUrATd. Iarexuny fiRe onftr Ridier, w1 g8 St Mes 3fftr RRTwET M, IW
A=A A X S0 AT Mgy, O 98 aRd ¢d Kb,

Square hole
/‘— q

Z W
7 [
wrg%ﬂa&;quare bar

Fig 1.5

B) e W3R (Turning Pair)- ST g foidh & SR UGdH Sited 3fed &1 U faid ga=T
i = fra  Sff T Tiad wad o fohal Reglees 81 bl dTal €T U3R 3 WU,
IaeRunY SE) STS[eT PIeR S WY ot Yok BId ALl thad ¢ 813 ehd], sheb AMUT
Aefia SHa 931, 38 Wid Aehd de Risd, Iwas a1 g fhag /ey Jiad e gid. ef+a
U3R A HAGICdl hicc HIRM 3R,

_// FI‘Collar
é ____________________ ﬁ
CEUREIN

T\ Shaft
Figure 1.6

C) AT USR - (Rolling Pair) ST &I feidh SR UG A SIS ST &1 U feids gu=T foia
il A YT ATAT AT V3R 3 TUrdTd Irexunyd aret S1for Aer afT

Bearing

N\

Ball

AT Y3R
Figure 1.7

D) v,fﬁsn - (Screw Pair) @@mmm 3R TG Slis e SOdid CAR'CANED
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g1 fofe =01 o-id e 81d 81d Je SI1d 3rdl fohal GIF foidh oiegT ¥ de Sigad 1T
T Te &p SR 3 TUIdTd Iarexuny =e 3T &

r

Rotary
motion

“— Nut

/ (N
¢}
D
=

Figure 1.8
E) WREH U3R - (Spherical Pair) ST &I fofd 3 STd 38 Tide I Wiged Sedd 3RIdTd
fha1 T fefer gu=an el =am Yot e fdhar Reglees B1d o/ (fhrd 3R ) AT Tall Wb
U3R 3 TEUrdrd.
Jereny §id 3fs Gide sise, PR IR 3RvHe, 9 s

WRHA TR

Figure 1.9
2) TI3Y 3P Piede IR , FIATHCD U3R ° Ff®ol

A) TI3R U3R- g TR Afid GH Tecy AL W% Hi<de (YEHN Yud) Rl Sfor
fedfea Mz gsa AT U uferde go=aT Ufemic Rl WSS Bidr dwT d daR UeR
TR HRATd. A 3% Q™ Id & WSS TSR T TSR i1 ¥F USR &l
SR U3R 3HTd PR AT IRBGY Hi<de (JEUN JUD) BIdl.

B) TR W3R - ST UsR Hefid g Ufericy el as- fdhal Uise dide (foig fovar Wt
) SRl ST AT Reifeag HIRH 81 HIg! THTUNd XTSI d Hlat YHTONd T

Maharashtra State Board of Technical Education 9
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3! degT ATl BTAR USR 3 Hared oifd Iareruny ThdhsH fet, aee gk, e
AT STacg, drd 3 AfehT d3ifT, T 3fe Wi
3) TRY 3HTh FAloR (@) TAR
A) ATF TS USR - SigT U3R d g Tl e § THHBIHT 32N Ugd Siedd 319dTd &t dagl
ROy Rafee HivH ffesd 9 Sadrs! foiRT Tfeide i1 Thadi=1 Sig- SauarTd! drTd
TR AT T Veth Ffiel USR 3 TgUrdTd. Id @ISR YSR &N Aeth JFailol U3R 3ATed Iargvumy
WA FIGURE AT 6 38 HIdoR § HoaTa! [ouRT foidh 7 IRl SiaedT fad fTed.

Follower

e TS U3R
Figure 1.10
B) B Fellel U3R - Wicgl UhT UR A GIF i TR siievaraa! fow= fofe <t
TSI YR SUidHEA d g e Rafed ARM TRIHR R dagl el HiY g
TR 3 TUTd. IeTerund & 38 WideR g THHGHT SIsuardrat f&IT a1 IUURT #ied
A Ab B Bicae Sadl Sidl Sulded HH 3 BiadR giard Nafes AIF I8id

=~ Rotmning

B Feile TR

Figure 1.11

Maharashtra State Board of Technical Education 10
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B Tl UaR
Figure 1.12

Fd~s HIXM d YR (Types of Constrained Motion)

A) HFRIICE HA~S HITH- (Completely Constrained motion)@@ﬁ%%m
3T UG Shedd 3RIdTd ! A Relfde HIkM 81 tohr [Afdd flG=aed (definite
direction) \’rlﬂ?ﬁ, NIENNIESIES (applied force) BTW@@F@[ (direction) AT dilel
fRafee M= (@ gTamTeie) HRe Usd ATl Iarexund W oM e e ofs
Reier ard fores siftr Ridex adie WRmie & AiwH f§ dieiied! s (Completely
Constrained motion) 31T%’

W3R IR 1 W3R gid AEhd AIRA & wad R IET AR sy dhd - A d1el
F o Pies HITH 3 WUl Asd. SR MATBR 3% (circular hole) fthe RIear oot
IRWIde IS o 8! U AT W HEATCH! hidws HIRH Burdl I3,

Square hole

[ Square bar

HICa pes HIRH
Figure 1.3
B) ?Fﬁ?@ﬁﬁ HIAS HIZH -(incompletely Constrained motion) \;Iosl MGG %’
THHBIRN AT Tgaq Siedd Tdd & dramdia Rafcs @w= temnean sifte
SRR e 3Rd] dag] ITdl ITh@iled! s HIRM 31 I|Uid. 39 ddadl SR
(force) ®T Raifce ARE ot fa=m daq] qhdl. Md foal (FW}IT’IT gia) Aeta e g/l
RRmide T e Tl 81 Ahd! WU § SThWIed Has HIRM d IaIe0 3E.

Maharashtra State Board of Technical Education 11
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Load

%A_Shaft
[ . NEEN

=R S |

Shaft £
Figure 1.14

O 'aa@;rgﬁﬂ HIAS HITH - (Successfully constrained motion) @%‘[ Wl?ﬂfffﬁ S
TR g HTa! AbAdhd RS TR Hd HIRM T8 Jqaded] SiTdl degl T JrRagp ]
HIc AIRM 3R WU, Iarexunyd B W i Aefid WMe 81 A |rel avdt RiAide
8IS Yol dUd cC QWA 8IS Udd! of Bl ST hics HIRH 31Tg. TR IT UTUE aR SR
e 39d R 8T YMUC o RUec 81 bl RRIIHE g Udhd ATl WU Tl Jaaapal
FHd-s HIRM 3 Ul Jgd. Iareumy g I Sfor afd a1 7k o1t {1 TRIH dds
ol T 3178,
HIYATHIC® - (Kinematic Chain) ST HIATHICE U3R BT THHBTAT 3T TG ATded]
AT &t dRe foid ufgedn foid o Siigdd omg it Tieamddta fRaifed AR g1 detied!
fhal TRINTP el hds g degl ATl HIAATHICH o (Kinematic Chain) 33 TEUIdTd.
HTIATHICH T U HIITHICH UTHD 3 BT T8 SHed Ud® foids 81
O} IR HRal 11 oo Aefta Raifeas AR 81 Srcfied! fdhar Taagat d~ds 3.
SiegT U i 8T alve! a1l Sieced fiids Had GF HrHicd USR TR HRdl
dce] BITAHCH U3R (P) 3T HIAHICH ol (L) T BIATHICE I dIR HId 3Med il

Tl fearel THIHRUT AN SR,
L=2P-4  —ocmemememeeeeee (1)
SR 30T &R 31t ey (L) Sfor HeR 311 Sligcy (J) [aaRId gdd R SEAmcd o d1d!
TTelTet FHIBRUT T TR,
J=3/2L - 2 )
Wise (J) (joints) 8 GIF i HaRM 3R TUeH 573 3 fofe Siigad 3fmed.
\_rl"ll'g? 9 UPR (Types of Joints)

1.9} g e- (Binary Joint) SiegT UhTd eI @ GF feids Sigaial 3RdTd degT el SR
Siisc 3 TUIAId FIGUREAE GIF IT-RI Sliecd 3Med of B 31 grafdcd 3fTed.

2.3} SIS C - (Ternary Joint) SIcgT ThTd H-aRMAT A foid STedd AT degl AT T=l
Silsc 3 UATd FIGUREAE TgT T-}1 Silecy 3fTed of T 31 grafdad 3fed.

3.BIcR] HTSC -(Quaternary Joint) gl U H+aR d IR i Sedd 3gdrd dagT Ta
HIcTI Sisc 3 WU FIGUREHH T iRl Silsc 31T Sl Q 34T gRafdael 8.

Maharashtra State Board of Technical Education 12
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Figure 1.15
@t feaedt diF foies <t sRWHe faaRTa 93 ward foies AB, BC 3111 CA g fU Sifse A S

3MTgd.

c
W
Link 3 Link 2
i N
A Link1 &
Figure 1.16

R 310 fefap, L=3

R 3 USR, P = 3

FoR 3T Siisc,) = 3

GHIHIU Teh T L = 2P — 4

3=2x3-4=2

. LHS.>RHS.

FHIBIUI G O, J = 3/2L-2

4=3/24)-2

4=25

LH.S. > RHS.

d I fiean sRvie Ae Iodl 99 9 IET S5 g IR™ AR 3™
UG AT Ud IoTdl §1] 81 STeT STSUET 3T 3118, TS ATl HIIATHICH o 3
UM AUR gt 33 Reifed A e A1g) a1 YR d-ell Al o fohdl IR 31 WUrdTd.
DTo! fEH1U RISTS The o ST Halyde 318 o B ool 3101 T8 g aTuRdra.

B ) Weilel Grafdciell IR féfeh =t SikeTHc faamTd o

L=4,P=4,and) =4

Maharashtra State Board of Technical Education 13
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JHEUITH G L=2P-4
A=2x4-4=4

A Link 1 B
Figure 1.17
ie. LH.S. = RH.S.
JHH G I
J=3/2L=-2
4 =3/2(4) -2
LH.S. = RH.S.

R SRSHC & FHHIU TH 9 G TR Iod! 1o sRIeR STdT 19 3 gRifdd U a1
AT HTAHICH o 3 TgUIAT Id oAt ST 311 WhigH 8 1 318 HRUI Jraam el feids AD &
e foiep dt UifeRM araquary 90 ofle.

a1 31 A& Id B AB ol flha dhea AD i = U@ UiiRA anfdiw cD @
BC T TSR g1 Sftheic SRR 3118, 3MTUUT 3 T Xehdl bl BR dR o 7 Ralfesg A=H
B PNl B e TUH BR IR o d HIAAHICH o [hdl hds DIAAHcID 3™
BUT Ad & e AR U Sfie I 9iTe.
BR TR 2 @ SrHfed 34 fay Ria f$aht offs wisw o Tdta wurard
C ) \Tcl! gradera urd foie <t @ foarid gdr

A Link1 B

Figure 1.18
L=5P=5and J=5
THIARUIUh a=d  L=2P-4 or
5=2x5-4
5<6

Maharashtra State Board of Technical Education 14



Theory of Machines (313313) 3R} 3 AR (313313)

ie. LHS. < RHS.
JHIHRU GH aFA
J=3/2L-2
5 =3/2 (5) -2
LH.S. < RH.S.

BN T 9 G a Rid SRefHc g8 Iord! a1e] SRIeR STd! a19] 31 Hed
8!, STdl 19 81 IS SIS I8 3HTe WU ATell HIa-ATHICH o 38 WUl AR
161 T SRS 3dh—es d- WUIdTd, Tgureid a1 o+ Aefid Rafce A1 g1 diiied!
DS TG, T el Ulaedhall R Hgw ATg].
D ) aTelt gRifacrelt wel foie ot siSivie faaRTd odl a1 o= A8l R aR o o1 & 31fid
REESICNEEEIRS
L=6,P=5and)=7

A Link1 B

Figure 1.19
L=2P-4
6=2x5-4=6
i.e. LHS.=RHS.

JHHR gF o
J=320)-2

7=13/2(6) - 2

ie. LH.S. = RH.S.

HIHIU Teh g G g8 Jofd! a9 SRR S[A 19l 34 TR o Jral fHesd 31mg
TEUH I SRSTHE AT HIAATHICH o 3 TUIdT d. ST o T IR U&T 3 feisp 3igd
A HUNG S T (compound chain) 31@1%'0161?[.

IR foie =1 AhHgmar R Ao 3 ROdd IR UaT St [Kid s/eam

SIcgT TG Hop e § Xad! TRIRIT (power transmission) HRd al BTl TH Hrd
dogl St UhAd IRl (@X)) d9R Bid fdhal degl ara AR Ry Weural Jsd. 3=
AR 7Y AN fSS T HRAMT Wiedh d HIIed BIAY (static & kinetic force) T
R e fogms- exd ara.

Maharashtra State Board of Technical Education 15




Theory of Machines (313313) 3R} 3 AR (313313)

f&it oifr wisH Bk @+ ﬁ%ﬁ%ﬂ? - (Degree of freedom for plane mechanism) -
fEgmea snfor TR sifts AdhfAgm @=i= < sRRasT 3for faweryon areamed
St 3T Wied o R g 31Te. f&it 31t Wwied o ggfaferdt (moveability)
3 T WEurdrd

&3t 3T WWisH TeUre el farch! HHTd ot 379 URTTHCR S TTead feiaRTet
Rt 33q (R fewre)  wdar arar i 3t hisy [ WUrdid Bursl
A3 AT 30 HHMTS! arRdT 5.

g 3 3T B R IR b -9H T SR Tep] {dids AT Uehd $-1YC 0TS URIER
WA (DI glerard) fadr @R ardt Wi fofdh =i GIfgr=M 81 Suur 339 Tdhdl
3G ! T 31 R R Hobi—grm ot {83t oifs wisH €1 1 3R, f&7ht i whien
B AR 3 o, AR 31 Sisc, TS P Slige ATHTEaR Hledl Ad.

O Link 3
C
Link 4 Link 2 /Link 2
}/{77,’6__0_2
A Linki B A Link 1 B

Figure 1.20 A Figure 1.20B
IR FIGURE 1.20 A SRAFAITYHTU HhRAR 99 T Tdh SR YT (angular input) fReT ©
81 a1 Wie o ot uifeRe arafquary a0 o,
YU FIGURE 1.20B ¥ GrafdaiedT 5 IR o HE T AR $-19¢ AT © BT WiTea foidh
T ST Raq /b ATa! TS ITel G aiTavTes 3-1Yc Td ANTATd oI &1 ©4 31T ©, degl
IiTeaT fefch =t ST g1 3Raedl ST, Wdhd TUH Tl feit 3t WISH (degree of freedom)

Tl 2 37TE.
YA C
»
«C
X P
-------------------- '.
| D y 3]
0 A 7 F B D1 A
Figure 1.21 A Figure 1.21 B

I FIGURE 1.21 A el & foie AB 3101 CD grafaciedT 3ed waIid feidh
AB & flhay oiig foids ¢D &t x ufek axelt RRmiidhe 81 ahd, Y Uy aralt
RRMI®Ie 813 Tod T 3is 3iaay Hiad! Ace 8Is Wdhd. foid ¢D @ 3 {53 i
ey 31g foi AB Bl fiheRy sreamges faa o f&Ut 3T WwieH 3118 df Fard!
UGdH B Rd ATel. FIGURE 1.21 B HE GRITAATHHATD SR ffds AB 30T CD 8
Ufge A 31101 D a1 f3B1of foF Siiset Siiea @) foies ¢D & wad z sifaay Hiadh
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Theory of Machines (313313) 3R} 3 AR (313313)

RICT B3> Xehd. ol 3Tl X ST v TRy aR Ri¥vidse 813> e AT U 31Ul
31 UL Rl DI T U Siise 71 Fst offth ThisH & A St Hal.

31 fei AB 31T D @1 fUF Sige! ®race dhedraR o1 3if g1 wad Rce
8IS Wdhd IUIed I1al U 3992 © fofds ¢D df ST graaraen awef offe.

TP Wt foier @ 3 fUT 3its e 3ie oR dl fefer Ut ftham feiep @ fuA Siise
A Sieen @R Qe fE oK ied g G Al Bid § SMUdre @i
FIGUREGEH 3G SId Tq¥ &I,

. 3 .y . l*. . l'. . .
r | .:r " | | 4 . —
4 12 | .
Y ca s d = P
1 . L 7777 Ao/
Figure 1.22

THT W Aobig Al L FaR 31w foieh sgd o I st T foid ftha
PO TR SIS (L-1) AR 3 foih g fihe abard. Tt Wi foids o diF
&3t {1t WisH 3Med A AT Ao l-ed HEd (L-1) HeR 3w feid ar o= feilt
3{Tth ThIeH 3. AdhHed A ) FR 3 Sgey (Siac fay Ria f&h sifw
WISH ) 3T TN H &R 3T gRR USR (Sife fay ¢ f&3ht $ifth wigH) siegd @)
Toigrd & offe wieH § Weiid AR Hledl Jed aiid THIBROM]
FIAD BRI BR Gifafere! it AhHg 3R wBurdrd.

F=3(L-1)-2J-H
SR Ao A ¢ f&UT 3T hisH Siise WU SRR USR A d¥ H =0
F=3(L-1)-2)J
POAD HIACAT ( Kutzbach Criterion) aTaRe &3t 3T WIsH H1E0l

C E
3 +C D D 3 . Il)\— 3 @C
' D 4 3 e (5]
o % , Ee . |5 [ 2
3 2\ 2 A\ .20 4 2 5
T .‘7—'7—'77—!—' .ﬁ,, ' IPT WS
A 1 B A 1 B A A 5 A1 B A 1 B
FIGURE A FIGURE B FIGURE C FIGURED FIGURE E
Figure 1.22
FIGURE A T8 SRATacd] Hobi-eiH AT i ol 9 i IRt Siise 3MTgd.
L=3and)J) = 3.

F=33B-1)-2x3=0
FIGURE B A&l grAfddied] Ao -gid ol IR foidh 9 IR a1+ Sigcy 3MTed.
L=4andJ=4.
F=3@4-1)-2x4=1
FIGURE C A&l SRIdaled] Ao f-5rH @1 U fofes 9 UM I19-R1I Siig e 3imed.

L=5,andJ = 5.
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Theory of Machines (313313) 3R} 3 AR (313313)

F=3(-1-2x5=2
FIGURE D A&l GraaciedT Hon-gid a1 UTd foidh d 98T aR1 Silsc 3.
L=5and) =6.
F=3(5-1)-2x6=0
FIGURE E A% Graacied] Hob - o 98T i d 3116 SIHRT Slise e,
L=6andJ)=8.
F=3(6-1)-2x8=—1
SIgT F=0 dagl SRSTHC g1 Ueh ok 3T Sur= fofeh Al Ralfesg HiRH e,
Sigl F=1 dg] Hob-gdd T RTd 399c AR At fhaed S, Adhd oed Tdh
ST F=2 dgT A AT G dTaT Y 1d ARTdId of ireaT fofdh dtf ST 33q.
b,
SIegT F= -1 Tdhar i 1 den ReTs e ®ic Med ITdl Ticdhal 3 fSerH< R
31 WU
ICHIX (Structure)

B 99 (UHT Uel IRa) Yonee diel oo fofd At sReHe g saram e
Rdifeg OIvM g1 16l WaeR § dle YIHBTINIE! ddd 3led. Yed e, ¥ g9,
=9 e 39 waer fegard
| Srfor TR add B (Difference between Machine & Structure)

AR O WU foieh Thaeied Rafee HIRM dadrd Ul Iaer d g1c g
feifeeg dieM 99dt d T R sist U arTdrd.

AR B IuAS el SHoll HEEE Jead gu ok dH FHodel Sl
DHEHY FYIARU gId ATgl.

=i e § OTaR S1f0T HiRF Glel gXIidiNG Hrald ok WKaeRk d AR § Had
s, BRI gxaiaNd Hald.

CCaE e

SgT HIITHICH o H Ueh feich flhery et STl dagT ATal Hh g 319 Tgurdl
Jd Ab A B AE DT i a1 go1 il R uraquarndt fdhdr Tent Ugdtan
TR 81 guT UG a1 HIRH AL IEauamTe! aTaRudrd dd Sarexony oM 2fgdhex,

TRWRISCR.

ﬁﬁh 3Tp fﬁ;‘ﬁ?ﬂ ( Inversion of Mechanism)
3ot 3neft T Hear YHTO SegT ST U foids SraaHess 9 A Segl R (fix)

HRd! degT Il A9 Fesd. SR HIa-HIc® o df diavies foid da! deot fRR
(fix) PR AT WY STl R ATl §aui (Inversion) 318 FUIATd.

Hgwardl HIAMed T9ed IR o 9 IR Ut 3radTd. IR Ut Hed Wgfe usR
fohar 1T TR 3R I d. IR AR U3R SR HIAAHICH ° IT T TP T
gl 3Hled.
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Theory of Machines (313313) 3R} 3 AR (313313)

1) ™R IR o fdar ®igfcd o, (Four Bar Chain)
2) Wmlsse hab (Single Slider crank chain)
3) A WSS b I (Double Slider crank chain)

Eﬁﬁq 3T BR R I fhar ﬁ%ﬁﬁ L] (Inversion of Four Bar Chain)

1 19 g9 (P 3for et T=AUM). (Beam Engine)
SRITIAT 315, TT JAUI, Siegl sheb [+19d s A =T Higd! fhxal, degl aieeR Mf¥d &% D
=1 Hiad! gTaaTd HRdl. Wi CDE &l E APy ke 18 Siedd 3RId of tharedn
fUhRUaTe TATac gTeraTd Hxd. Gu=aT XIsgid, IT TN Ie=T vl gTeraTd Umadt
HEEINCESEIGRGERUREI
S SH A § el AR KR ET J’vM A9 dad FIGURET feeamgam
T 81 il R 1 R o &1 2 AR foi oime.Sh guf e fierd (A=) SR sffor
<t 3qe foiw orme. foids BC g foi e 3 318 e FAfacdT s 3ris! urdl Jsd. foid
R 4 CDE fiib g U Asar Sisad! 3ffe. ST fofp e 2 81 U A=A quf v
ATdes Y foidh AaR 3 g1 feidh Jar IR St Uise =1 Hiad! 3fiRiciae dHRd Arges Uise E g
el Rt gidl. SfoT fiRed I1s fURed @rel! aval gidl FeUlod Y4 dIdbe Bidl.

Lever

i (Link 4)

Piston
rod

Cylinder YR
\"k,: :
"B
Crank
(Link 2)

CIEEEERECAEE
Figure 1.23

4) e HURRFT IsH TN (SATET TIA HPH GIAUN WA FEUTAT)
(Locomotive Coupling rod Mechanism)
queﬁawgé (Links) - 3T, T qrafdet site. I1 g=uId, AD 31for Bcgé (FHE
NIEIENEZE SRS BT DHRATT HTOT HSFIT AHHT SIS AT, CD gal ST S
TEUH HId Xl 30T AB gaT IS (Fixed) SadT STl ST AT haiar M d R
3R A . T TAET I Th ADhIh g gl Albldhs [hRdl glerdrd gxdiand

B0 3Te.
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Theory of Machines (313313)

3R} 3 AR (313313)

PHURHT IS 3 AlbIHICE (S9d hdh Ho-igH) AL IR foid AB, BC, CD 30T DA

T 3ed © IRG! fofe U Sise - Tpadi

Siedd 38 HU IS 3HTh AlpHICE

AR At ATH A AN A JededT Sdl o1 @i foies BC g1 e (M fhd) gl

3T R i fofep a1 IgraM fofes AD U foid ARk IR dTee dd. § Hob s

Ueh] I g RAcs] TR g1 AThTl Sl Rd B

Link 4 /—Wheels

Link 3

U IS 3T AP

Figure 1.24
5) dicdT gfSchex TN (ST digY TAUM).

(Watt’s Indicator Mechanism)

gl §fgdhex TAUN (ST dicd TRes I§ TAUN fohdT S <liegR TFUM Wi FUIATd)

Y IR gd (Links) 3MdTrd, foRTd grRafdedn YA, IR gd 3iled: A 39 [Afgd g,
gdT AC, GaT CE 31101 gdT BFD. T&Td YUIIR 3178 P! BF 30T FD Teh gal adR HRdld
HRUN T GIF YA ThASIHS PIUldie! ATU& gIadTd ATel. CE 30T BFD gd dieR
T8UH BT HRdTd. BFD GaaTd faRiuA de 719 fohar L1 SramRit JHIvEG 3T o
$fEhex WoRAR B HRd. TG HIVde! Bic [ARITT TN, CE GHTAT Ibdl

3ld ¢RI Ulge E gHR IR IV e,

Indicator
plunger

Y

A assah vl

t1

«— Indicator

L,
”
v
g
4

A

, cylinder

dical gfsdhex

Figure 1.

25

2. RiTTe WraeR e 9 (Single Slider Crank Chain)

Maharashtra State Board of Technical Education
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Theory of Machines (313313) 3R} 3 AR (313313)

T Wae % 9 § HaYd IR R I T UIRA T 378, ITd Th W8T
Q3R 3T <t e Bord 3RydTd. § TreRum0t yradt e i d30id sfieesd. a1
B! 07 fihecdt gTaaTa UdTdd! gTaardid (reciprocating motion) 30T AT3C
iR .

R Waex s oA e, AT qrafaeaTy@m, gd 1 3for 2, gd 2 3for 3, 3ffr
gd 3 3107 4 T T URf TR RaTd, TR gd 4 30T 1 T WSS U3R TR HRdN.

Connecting rod Crank
Guides (Link 3) (Link 2)

Piston rod \*_ . X - ,«*';/L N §
| e \ '
Ll 1 /kl Frame ,

Cylinder 1 T— Piston Cross-head (Link1) S .

(Link 4)
RiTTa WasR the A
Figure 1.26

gdT 1 8 SforTear haRl Wefid og, f ffyd srad. gaT 2 el Hafed 3iTe; gt 3
HTaTT AS HaRI 317 3NT0T gaT 4 HiA-g SN Heldd 3MTe. SiegT shab [hall, AT Hid-88
Rivrer TR %o 91 E':IEIG{-'-L( Inversion of Single Slider Crank Chain)

3Mqur ARfie RaTd UIfed SR &t RiTa e e o 8 IR-gdl I 3R,
YT AR 3§ 1, BIAAMICH ITHH TS Ga (links) AT H&H, TH a0
firesd affr o fSrads ga 3fied fadd JFUN (Zds) W e bl ae, Ria
TATIER hh I-Td IR Sdoi GHT 3Ted. B Sdoid GaId TA0HE MG,

1. aﬁﬂﬂﬂﬂmgﬁgﬁrﬂ.@endulum Pump or Bull Engine)

g1 IO, RicieR fdar gar 4 (Fal. WRfET UsR) Ffyd & gasH U g,
feRTa SrafaeaTuHTD!. o1 YahRUTTd, Siegl theb (GaT 2) fthval, dagT dAfaet s (gar 3) FAfdd
3T 4 1 A YU ShSaied! fUAHIgd gTerre SRl 1T fuke gl Sedar ke (gd1 1)
TG gTerard HRdl. SRR UU STl S1GeRdl hle die YRIUIRITS! araRel ST, rd gdl
1 AT SISad giF fUke 3RydTd, FaTd grafdeaTyHToT
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Theory of Machines (313313) 3R} 3 AR (313313)

.
.
A 5 Cylinder
4— (Link 4)
Connecting rod
. (Link 3)
2iston rod _
(Link 1) —™ -
~~~ Crank
(Link 2)
prZ EA:;
é 4— Cylinder
74 //’:’ (Link 4)
7 -
FF 7Y
qa sfoe
Figure 1.27

2. SATRTaAfeT Ridse oM. ( Oscillating Cylinder Engine)

gTeraTeial bRl gTeraTd Hel = aidd HRUMNTS! aMuRe! ST, I1 IA0Id, <1 UsR
TaR HRUMRT gaT1 3 FAfEd et Sl gaT 3 Tamad! (Reciprocating) S TH S IO
HATGeT NS T 3178, SiegT o (gaT 2) TR, degl fiRe e a sie e ke
(GdT 1) TATad! giaraTd dxal T Ridex (gar 4) Figd gaaren A 3Y Ssde
S CRINERCIN )]

iR Ricier Sfomaen, gar 4 Ridex=ar &ud TR ol SiTd! 3101 U
fiRe= goaT=an Riadt Siean oirdl. fike Ridexa S ydmad! graand dRdr Sifor
A3 gar 3 <uard A4l a1 IR IR Ricisr o wordd sard fuwed
SHRyafeT Ricievmed ydmad! sTaard HRdl 3N shep fthan.

Piston rod
(Link 1)

5 (Link 2)

|
//?//{////////

\

Connecting \ ;
rod N ’

SR Ricfex o

Figure 1.28

Maharashtra State Board of Technical Education 22



Theory of Machines (313313) 3R} 3 AR (313313)

3. et W?{Iﬁ'—l%sﬁwgﬁ-—r (Rotary Internal combustion engine)
gara $Iat, [AaM aeddid eyl SfiRagd SfoFial aliR el offd 3R, TR 3MTdl
TSt 7Y g1 aTuR Hal Sidl. Id U Udesid I1d Ridex Sradrd $for d 4
fAf¥a &g D = Wi fhrdd, R qrafaeavm, R % (gar 2) [Afyd s/ o
AU, SIegT Pifae T S (gaT 4) fhar Sfor e (gar 3) Ridiex=an (gar 1) Sid gamadf
AREISEZG]H

Connecting rod
(Link 4)

Fixed crank
Piston (Link 2)
(Link 3)

Cylinder
(Link 1)

/
BIESIEE!
Figure 1.29
4. S VT wWiles fireR fve Sevl-quardt davm. (F& Jis wWiics fae e fred
HITA Ah i)
B 0N Y I A=A, Tl 7= o7 e iiaRas T SiogHed arRat

. I1 IO, e+ B3R TR HRUIRT gaT AC (3rifd gar 3) Ffya sradl, samed grafaa
318, T 3 UATad! TN Sfoear dAfact ASM Faltid M8, St b CB Fidd &z
C =1 Higc THIGR MATHR S1d. B A hep MGG Sheaen Trsfen siie Tiied
dferarerar Sfor =it AP Sigdidl 3iaR dTe} A 95d glerdld dhRd. Udh A8 gal PR 3ia
AP URIA 90 Gl ST AT AR 0T G 8- I Udkd! R1R, IR TATdd! grardnd
. XHDT LT Uad R1R, (ST RiR2) AC TTE dhaiedT,

3= fUferd, AP; 31T AP, aieT=aT TRUTAT ANTATG 30T ST ga gTerarTere
9T 315, BRAS [l BT gTedTd shdh CBy UG CB, (fhal Uap G2 p wiunmed) Al
TSl Sicg] o TSAUIR C AT ue-AR! G- fOhdl. URd gTeaTd sheb CB2 TR CB1 (fdhar
P ATRT A ALY ISal Wiegl hb YSIUIR C ol JUeaAR! G, HRT shapd! raaf
DIV 3B
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—— Cutting stroke

C ti
on?oedc ng 4—— Return stroke
_
R1 :U4.’-T00I '{
__E.. ----- - - _/,"’Flg
Py SN O U 1 * N"_‘_*.hw,"d
P
Slider (Link 1) 2
'Crank (Link 2)
1
1
1
)
B1 Bo
o W,
(90°=5) Fixed
(Link 3)
Slotted bar
(Link 4)
' A
i 3 Wles foraR fves e AIeA AdhfAgm

Figure 1.30
5. fayad fve Heol graamacvarh gaon (faugd fre e A= AwfgmT)

g1 I ga: RITUT i1 Trten ARi~aaed aioRell oird. a1 I0d, T UeR dar
HRUIRT gal CD (a1 2) FAf3a srdl, sarded grafad S8, gar 2 Udadl ¥ oA
UH hhIHAd Sl ST 9 CA (GaT 3) THIR TMATBR A6 Sfdl. A I thep
fOad STeadr WIS e (gaT 4) i aTddl 1o fUgics Ulse D aR 3iaxal R PA (Gdl
1) AN, PG IS PR AR Il Uil TR BT ¢ Sliadl 31T, SYDHRUM! gIardndl
fAfEd srrciear @z RD FAfHd &=, 3rufd D aR A=A YHIAR CD UR &d Sraa g
SicgT SMfeT b CA TR CA1 U CA2 URIA (fdaT gaT DP DP+ URIA DP, URE)
TP HFHY a DIV ST HRdl deg] STHRUT 81 ATl b ed drd Sdl. STl
% CA, TIFARE CA; IREA (fhaT gaT DP DP2 ORI DP1 UR) o HIUIT gTerdrd )
deg] SUBRUI g1 ITAT ATl e d SidTd S,
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Connecting rod

em TP l p Cutting stroke
<«—— Return stroke

PP K D _P_'zf_‘_,"af_ o _H_a'T_ — [aTool
' I~ - } E P A - A\ H.l \ H R2
f \ il \I{_-\ P - / \ .
Slotted bar ' £ a Line of
' ) §6} Cc >Fixed | stroke

(Link 1) —1\\‘ S ToL -7 (Link 2),
Slider ' X L !
(Link 4) — %% Driving ‘//

crank
o (Link3) T~
R
fayad fpe fYe Aieq asfem

Figure 1.31
3. Sdd HlgsSY PP o (Double Slider Crank Chain)
WWW%@[ S & gaauft (Turning) 3 onfor g W@Tﬁ?ﬂﬁ
(Sliding Pair) 31, T S0 WIS b o WU, el favara e HgT Sad
3SR h AT WY A 399%-g 3MTed

Eﬁmiﬁﬁq (Elliptical Trammel)
B T IUBRUT 3¢ SATdl dTR 3AThd (Elliptical) BRI ATOT Fharaan

HTHIG Sl Sl < 37aRH Ul 3 d SOHe daR hadl Wies Wie AL (Gdl 4) §g
HRUGTd Id, S B AT GRIIA 36, §¢ Wi fdhdl gal 4 ATd G IR WTal S¥drd,
ST UhHeT gadiar 3IdhUdrd ddid. gal 1 3f0T gaT 3, WS Rurdrd Sfor amed
gdT 4 g WSS U3 §9adTd. gaT AB (AT 2) Ueh aR 31 Sl Hriae] U3 §9ad!
30T goATATIE USRi ol

g U IUDHIT 3MTg AT AR SfoTey I@evdrard! fdhar 3oy daR SHRuaryis
TR d UMD HA § S-doi (eI -aR 4 A1 [thad e Hesadl dd. fofed dav 4
g T W 3l Wie 3MTg. SaTal & 90 SR W 3MTed. FIGURED GRATAedTyHTOl
foi Fav i 9 i AR U § TF WiIgsR 3iMed o a1 90 fSIft WraaiAe) THHHEr 90
S0 1 fihea SRyaTd Teucia WESR i 81 SHT JrATd [hd 3d dR WssY ek Uh
BT 3TSal WA fhd 3d. g W3sy o foids 4R 3 9 1 § T Rofe fifwan (@
dR 2) Tt fUT Siscar I Siedd 3ied. fofd FaR g9 adid Uise Ut g1 fibforsy
JGTed! SiegT U WEeR A T TrAHE ghad! fhdl Wgex B ol WrAME gdhdd]
fhar wiear Ma fefadl.
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Bar
(Link 2)

Slider
(Link 3)

3R} 3 AR (313313)

L _14B
TITIET /f////

Slider
(Link 1)

Y
oA
Slotted _
plate (Link 4) P}L-T- Q
[y
r |
AU
X! A |
58 RO X
-— X
‘.r'r

Figure 1.32
2. THIEUID ﬁ%ﬁgﬂ (Scotch Yoke mechanism)
TP Hh-gH g e AR a1 RRIISGIET AIRM Hed Iquar araRudrd dd
FIGURED GrafaearvHTol foies 1 81 fhart SR faidh 2 8t thb 3Tg ot fofap 1, foT i
o fO Siige A Seaa 3me. fofe 2 g i o 3 U Tger o fUd Sise 3 Sisadd

3Tg. fofeh ek 4 &1 Ush WA YA AT feih ek diiF 81 RR¥ytide 813 Abal. [aesy
fefer R 3 Ri¥{wiabe Bt degl ol R IR 1 fha (fefep waR 1) =l Ri¥ywiiape g,

Crank
(Link2)

"bn"

4

Slider
(Link 3)

L A A

Frame (Link 4)

3TSEH HUFT (Oldham'’s Coupling)

VIRV

FIGURE 1.33

3TSEH HUGH qF FHIGR MU JiHAT SISUaNTel aRd Sd odid & (axis)

UhHBIUNA TS SARTaR ST, ATHCH 3T TbR SISl Sald Dl SR T MU el
TR I M ¢WId ard TdH vl ig fopar fofd 2 RR o a1 dhd T, S bl

AT qraad 3le. Sievdrd MU Jidl Jaeal o aiH Feroid (fefe 1 3M1for fife 3)

3{Ted, O HITSTER TgUul S8l SdTd. fdids 1 31T ffep 3 fofep 2 e e teR TR
HATd. T T T dToidR G-l Ty HIucied] 3dld, s &t = (b) 9

IRIId 315, Aad g el (A 4) S Th MATHR (S 318, T TS STofel T1 3for
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T2 3 GH SitH (FEUTo SI=ATdl WoaR-) 3iTed, o UhHeG =T 90 SR SIFTd SMdTd,
S &1 i () T TrRaad 3T, foidh 4 aie shuT wiSa e TWicyqed g s9ard. foid
4 TRTSHH WicaHe Wge fdhar WRide & b

Flange Intermediate
(Link 1) —\ [ piece
(Link 4)

Driving

™D __ Flange
shaft ™A 7] T (Link 3)
PR N e P S G . I__
i [ oy i
I |
! B
_ | \-Driven
Supporting | shaft
frame —*
(Link 2)
. AV A i A A A A A A
Link 4
N\ == Link 1
f/l I
! | I
ASTEIENN T Tz
A DR T | W ... | T‘l
'l\ v b
5 A . —_—
=t st Y >

3fEeH Hufel
Figure 1.34

Define ¢ Kinematic Chain and Kinematic Pair
List two characteristics of kinematic Chain
Name ant two example of Rigid Link

Name any two examples of Flexible Link
Classify Kinematic Pairs

Define term- structure, Machine and Mechanism
Identify following kinematic chain

Draw mechanism of following

a) Sl IR (e onfor el dom
b) TN HUICT S (S shb U=AUT)
c) ey $fSehex YU (Saef eitegRr TN
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Theory of Machines (313313) 3R} 3 AR (313313)

d) RiTa WrreR ow oA

e) UgAH Uy fobar gt i

f) Sifegafe Ricier M

g) e Sfaid gg- 3fom fdhar 9w oM

h) hab 3fUT TWiles <liegr fevep Rewt A= g=om
)y fgead fe fre diem daon

j) STl CAe

k) XhId did TN

) SNcSg™ DUl
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Unit2  GorrH 9T SITfoT Ut

Velocity and Acceleration of Mechanism

fawg fregit : fqden dorardl 9 sifr udw fAfRad o1 (Determine velocity and acceleration for

given mechanism.)
g frroudt
TLO 2.1: O3 9 31T yaw g 9o &1 (Describe velocity and acceleration in mechanism.)
TLO2.2: fedear dFuMrdl a9 offor o afpdt wrel (Draw  velocity and acceleration
diagram/polygon by relative velocity/Klein’s construction method following standard procedure.)
TLO2.3: faoen d7udie gardn ffsR a &I+ ot fAfRad @1 (Determine linear and angular velocity
of links in the given mechanism.)
TLO 2.4: faon davdie gaaidn foMeR g oI wav fAfRad &1 (Determine linear and angular
acceleration of links in the given mechanism.)

Arfta fowamed Smgl SIagRId aroRedT STUM=T lal JUMET T dal 3Tg, 3l Th
AN U HRARCH JRAD! (Kinematic Chain) TUH URUIT dell 378 SUMHe T gdl
fAf3ra e o, ST v dFvKdIa grafeT feiwan Tdt faat S, dwT areae feie gofoor
fohar a=raiRean ufdsfia diear aeurd de g SIeH R, a1 YSaTd 3901 UhT 0dd
AITATeHT gogidT AT HTFOT YT RNYUITAT Ul dl S H,

1)%@11%‘1: (Linear Velocity)

o5 (dt) HeTd JWTT faRITTA (dx) 2T SaaTal & BUH Il IRSAT hall  Sildl.

dx
\") =E m/sec
2) SIF AT (Angular Velocity)-de5aaT TeHTd I fARITITAT SCard &R U Tt
HRSAT et ST,
do
Q] =E rad/sec
Where,
0 = diord fdhar TEmE akqd By AT
t = ORI dos

Position 1

Figure 2.1 BT Tl
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3) UfRquf aT: (Absolute Velocity) - TRR fdgan deuld srmals ieadia g
foigan a7 WU ATl RSAT bl ST,

3JareRyl, fdg 'A' wrt a1 am. fdg 0.

Figure 2.2 A fdgar fader 3nfor @rder der

4) WY& AT (Relative Velocity): UbTd godlaRld 3ar foigean daufd fpfee feiwada
DHIUATE! fogdT o7 3 URUTT el ST o BT alg! f8g T 3MTga.

JaTeRU, foig B w.r.t 1 AT A. TSUS! Vaya
2.2 3@y (fifeR) enfor st O gieardia e ey

V = rw

qy,

V= 3G a1 m/sec £ i33)

r = ! Bear diex a9

w= BT 9T rad/sec
2.3 I} UH ¥E@IT I fafafera
FigureWe! SxITIeaTorTOr 377 YHTUT WU o TRHTT il famn Seied @aex TUH axifad
EIGH

(o] a

Figure.2.3

IS VYT 0a 'a’ w.rt'o' (Vao) T T SRiad o Bt
1) el 'oa' AT fA=TQAdT (Magnitude) agfad.
Q) S0 Sl =l fa=m eRaad.
2.4 Y5 I0d TAUNT G Jis T HIUE O -WTel! faeiedl FIGURED gRATeTTHHTO!
JHIAR T HTOT Hdd ITE (Inclined Line) ThUM=AT g Sie =l AUe dNT3! el
JIORTETE A0 A Tl e, 2.4 (a) TN 2.5 (a) SHIHH.
I Sial A 30T B THIAR IUTE FARUE AT va AT vg =M va> v T8 THH fGRHA fihdrq,
WIeht FIGURET SRIICITYATO! B =0T HeHid A =7 Jroer 9T,
Vag = Va 30T Vg = Va — Vs ...(1) A gaed BRdb
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< VA |
A A h ve "
s v ~
N CEE
- VA >
(a) (b)
Relative velocity of two bodies moves along parallel lines.
Figure.2.4
FIGUREGEH. (b), B =T TGHTd A TT WY&l o7 (WUl vAB) aexd WaeUTd Wiy HTol
forfean S, wreed:
ba =oa - ob
TIYHT, A =T deuTd B 9T JTue o,
vea = Vector difference of Vg and va = vg — va ...(ii)
fobar
ab =ob - oa

3{TT FIGURET (a) GRATCITIHTU! B Siel Fbeied] faRIM fOhrd 318 I faaR 1. B =1
e HTd A 9T |98 O A=A QHIARYS AT FHame fdhar avmren B o s
Thdl. Pivrare! [fYd fdg o = onfor va = afkmror snfor fe=m &1dl awa gamond
U R 0a B

YA, vB o URHTI A AE STI0T T Ihard! Q=M GRIGUANITST @aeR ob HIel. v
FIGUREd (b) SrEIITUHIY ey ba 81 B &1 gHid A a1 grie a7 e=fadr ) Iaf
HITIHTYY, B =T WgHId A T TTUef o,

VAB = Vector difference of VA and VB =Va- Vs
or ba = oa-ob

A \;A o iA a
; \
\\ ‘AVAE& BA
\ Vg
VB ) N
\\
| W _+ ______
a’ Va b
(a) (b)
Fig.2.5
TIEVHETOL A =T SeHid B a7 Jrue AT,

Vea = VBWVAQWW= Ve — Va
Or ab =ob -o0a
I, ST 3T FhY BTadl B B (Vag) ST fig A A1 A10E a7 a8
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faig B o1 TTU&T AT 3101 A (Vea) T8 URHTUNT FHH 3T U fGRH Iele 31Tg, WU,
Vag = —=Vea or ba =-ab

&I0: § T U 913, Udhd DI Vapg MYTARTST, foig b IR a =T fG=RA A0 Ve
11, g a UG b =01 fa=H &= oL

2.5 foierdl gTeraTd - Figure (a) Aed cRifaeamommel HERESNS) foiw AB adid A 3fdr B 3 gH

fog [aaRTd &1, A @ B § 3R IR fged, AB XS A 31101 B HED HIUKiTG! ATdef Tt 3R
D TG, TS § WY 35 Bt A T GHId B = ATUel Tl AB A1 did STl

. \Y
AV BA
B ¢ »
.\\ (1

\\) \ b
"-,\ ‘¥ A \Jeh /
\\‘\.A,,../ V
(@) ®)
Figure.2.6

fRiwdt gTeraTa - I fieadia gu-ar fdgen david fdeadid siurg! fogar 9 g
BIBTRIA (fdhdl W) Figured<id a1 fogAT ST urm=ar Yo AgH! dd 3Rl

A (FUTST Via) T TaHTd B AT TTUE o1 TG ab ﬁ@fﬁwm&mﬁgure 24

e GRIAATIHTI AB YT Od 3R,

w = ATEdAB e ST .

YT Hifgd 31T 1 A =1 dgHia B fagan av,

Vea = ab= w.AB v (D)
TIYHTO, A T HEGHI AB a1 DIUrars! feig C =1a,

Vea = ac= wAC ... (iD)
FHIBRT (i) ST (ji) YR,

Vca @ o.AC AC

Vea —= ©AB~ AB

SRMYBIR, YU FHIDBRUT (iii) T Ugdl DI G ab Rid fdg ¢ Aren A=
TUIRT faUTord Rl <1 gamund C fefdar AB fauTioTa s,
2.6 FYdifess Qe (Amde am) vsdigr A faeryor
I UG Hoh[+21H THT XN FiguregR GRITAeH Sifd SaTe feidh(Links) TR XS
GrREac STATd STl 1B TRRM Figure UTATd. T HIBIRRMA Figuredl dTIR &,
J{TUT A Figure o®lg Rehdl STl v Figure FUIdId. T Figuredl dIUR = YU
fEciedT TA0ITAST HIUTTE! fefdh(Links) AT RITeL Jraball,
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HTU& T Tgeld STUART
3T, 39Ul Wieild Jaleuiedl HgdH AdbHgmadia fafdy foeger a1 fAfga
HIUIIATST TTUE I gl T Y- ATuRIeR | e,
fdrear gavidte fafay ffewr=n 3 fif3a srvarand) o=
1) IRg gEToNd FagH faden a0 aRATUIER SIRBTRRE Figure HTal.
2) S (g1Yc) fefehan 71 Hie,
3) O Figurediid Haled fogave e fida a9 fGRM 9def 91 ®aer (Uh Uh
HE-) blal.
4) U AT TGdgR feeiedr 0Tt 9T Figure QUi &,
5) O FiguredRe- HaTdd daed AISHIY e fafael fefaam i e,
Viink =aiink X length of link
27N
®link =H
Where,
V=AY feldan 1&g a1 m/sec
o - A folea B 9T rad/sec
QAT IcTeR0l UohT UTedT HriuGaed foferTem Y& {101 Hi-g o
Fuiia wrugr quidar Ufehde TWSIHUT SdTd.
Areqddt 3qrevol
3aleRl: 1
A four bar chain mechanism ABCD with following dimensions is shown in Figure 2.7. The crank AB

will rotate at 600 rpm in clockwise direction drives it. The link AC fixed. Find the absolute velocity
of point C and angle velocity of links CB and CD.

C
46¢cm
By=="""Vpx
15cm 30cm
600rpm
90°
A 7777777777777777777777777777 D
30cm
Figure.2.7
WY 1:
Figure 2.8 A& GRITAATIHTO! A1 YHTUN feiedn Ta0AT GRATIITIR HIRBRIM Figure
CA]
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c
46¢cm
B
30cm
15¢cm
90°
A 7D
30cm
Figure.2.8
WY2:
SrafeT $1Yc feids AB 24T ATl 0T R,
b AB IT AT, N = 600 rpm. (ST fa=)
. ~ 2nN ~ 2nx 600 - 20 q
S ®WBA = e =T 6o - 7 rad/sec
heh AB dT A7 31T
Vea = sax length BA = 20 nx 15 = 942.5 cm/s
WXU3;

TUe 37 UGdigR faeied JAUMTAT 97 Figure BTGl

el AD RT3 ™, A 3for D foidan a7 YA 3118, I FiguredH fdg 'o' §R o el
Hfgd H& o

2) Vea = 946.5 cm/s § BA T SIISUITTS! & A=A S 1fdr @ If=r ab gR =ifad Ssa.

I FigureTW e, HTa! fHaSHedl ThaaR @ae ab = 942.5 cm/s BT, 1 cm = 250 cm/s
TSUM. Figure 2.9 A& GRIGITHHIY. TEUH X ab=3.77 9t BTG,

V
o,ade PA b

Figure.2.9

3) 3T faig ¢’ BT FiguredR fRUT 3MT8. a7, VCB = -bc ad faRM sfi@@d STd. o BC T
SIS oF 3iTe. TV, fig ‘b’ I Figure .10 A SRIGEATIHTON AT FigureHe!

BC ol SISUIIITS! &id fa= T X1 P,
0,ade Vea \ b Line
\< perpendicular
to link BC
Figure. 2.10

(4) YA, Vep = dc $ad [GRMMGRIER $fiedd Sid. fdg 'd’ a6+ CD @1 I8 dd 3T,
T FigureT& CD W SIISUATHTS! dd XS 1T STt Figure 2.10 (i) A GRIAeATyHET0! BC @1 foig ‘¢’

R NSTIETS! TS W@ BT,
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VBA

. V,
b Line o,a,d BA b
perpendicular
to link BC Ver

0,a,d

Line
perpendicular

to link CD
Scale : 1 cm = 250 cm/sec

Figure.2.11
(5) gUT 97T Figure Figure 2.11 (ii) Aed TRIfAEN T8, ST ®aeR be Vs d UTAMTA@G Hal ST
QHX dc Vep d Ui Sl

wU4:

AT Figurede+1 Haifdd sgare o HIGTHTY e fafdy feferyar o =eT.
HISHTY B :

foig ¢ =1 qui 9 e, vC = ac or dc

T Figured® aex ac fdhdl de It @id! = 5.1cm/s 3Tesd
ﬁEC EthI;Ufa"T =5.1cms*250(%bd) = 1275 cm/s ... ITR.

CB T HIH1g a7 3775,
__bc 5622
@B = TCBT 46
= 12.22 rad/s... (B 950 USUISI=AT 3de fG¥H) ... IR,
CB T -G I 3R,
Voo dc 1275
@ = JengthCD “CD ~ 30
= 425 rad/s ..(D S0 STl feRA) ... ITR.
J&TET : 2

A single slider crank chain mechanism is shown in Figure 2.12 Length of crank OA = 20 cm.
Connecting rod AP = 70 cm and angular velocity of crank OA is 10 radians per second (clockwise).
Find the velocity of piston P, angular velocity of link PA and the velocity of point B at a distance of
20 cm from A on link AP when angle made by crank OA with horizontal is 6 = 45°.

A
OA = 20cm B
AP =70cm

0 =45° @)

Figure.2.12
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wq1:
Figure 2.11 Y GRIfAeATyHT0 J Iharedl HadA feciedl IO GRATINITIR HIRpIRRH
Figure Plel.
A
B OA=20cm
AP =70cm
0 =45°("\O
P e
Figure.2.13 BIBTRRA
wy2:
ST oha (ST foidh) =T AT 0T e,
oo AO IT B o,
oro = 10 rad/sec.
-, & OA T 3T 31T,
Vao = waox AO =10 x 20 = 200 cm/sec.

®U3:
TTU& 97T TGdIgR faciedr G0RIT3! a7 Figure TG
aT Figure

1) ‘o’ 7 Figured®d T 971 fdg (3@ fdg) a=q, ®1E Masda Wad H& A0

FRUGNTS] ®dX 0a = 200 cm/s TF PIal, TUM, 1 cm = 50 cm/s. Figure 2.14 e

SRETTYHTY.

Vao )
(1) o
Figure.2.14

2) Vpa d UM SRUGIITET fig 'a’ a1 AP @1 ©iddd @acR HIal.

Figure.2.15

3) fUed p =1 Tt fR¥F (eue afdeiivan fag ‘0! URE ®FR op®Tel. Figure AL
GIRATTYHIY § GIF aex p [agaR SR dld. UM Figure 2.16 A& gRIfdemvmdTol

QIR ap Vea d UfAFTI@ HRard 07 vector op VP d UidfAfeid ®rdra.
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/a\ a

Vao y\
VPA

o] P o] A P

Figure.2.16

T Figure.
WU4:
d7 Figured=- Yalid dex d AIGHTT dHe fafqy fefaemar o =i,
HISTHTY B
fO%eT P 1 97 = IR 'OP*TWherdl didl (AT IGIBRUNA 1 ! = 50 JHI/A)
Vp = op = 172.5cm/s. v OXX
foi PA a1 B AT 3G,
Vea ap 150
@PA= length AP~ AP~ 70
= 2.143 rad/s ... (A 950 ISUSTAT 3¢ [GRH)  ...SWR
37 FiguredR foig B TNYTRITST

Vea ab  oeax BA

VPA ap h @WpAX PA

TRd wsa = opa U PBA THM 31G....

L _BA 20
b = PA><ap—7o><150—42.85cm.

NS Figure 2.16 A TRITIATIHTO AT FiguredRid foig b 87 fog 'a' UL 42.85 fidt Siavmar

Q

e

a/‘.:_)
q
3

b

Vea

Scale : 1 cm - 50 cm/sec
Figure.2.17
T Figure.
foig B 91 Ui o1 = @R 'ob*Iherdl diall (AT IGTERUNd 1 94T = 50 /)

Veg=Vgo= o_f)=175 cm/ sec.
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3qler0l: 3

The dimensions of a four bar chain mechanism are shown in Figure 2.18 which the link AD is
fixed and the crank AB rotates at a uniform speed of 240 rpm. In clockwise direction. When the crank
is at 60° with the horizontal find the angular velocity of links BC and CD and also the absolute velocity
of point E of the structure BEC.

E
4cm 4.4cm
B C
8cm
7.2cm
-
60°
A D
10cm
Figure.2.18
PPN Figure
¥ 1 :Figure 2.18 A GRIACITYHTT TG ThAdR [Gaiedl AU GRATUMITAR SRR
Figure dlcl.
Y 2 : IYC fefeear ovTTl TTOMT &,
% AB TT 7,
N = 240 rpm
_ 2 N ~ 2nx 240 ~ q
WBA = 60 - 60 - 25.14 rad/s.
sheh AB TT AT 3R,

Vea = osa.AB =25.14x8 =201.12 cm/s.
Q%crs feciea GAUNITAT WTUel T UGdigR 7 Figure HTaT.

a'lTFlgure
1) 97 FiguredR a7 cRIGUANTESt A Whd ot 1 Jd = 50 IH/A. Figure A
SRAGITIHT.

2)  VBA d UfafRfia HRUArTET AB @ SISUTRITS! 30T fHasaedr ¥hadR 201.12 cm/s T
RIS deX ab dd Dlal.

3) fofow et onifor St H3R gd 3Med. VCB o UiFfid be gR ohal siisd of CB foferan da
faRM 3Rd. WUH a7 FiguredR BC 1 SISUIMNTS! dd fG=Id ‘b’ f[IgURE Teh 6T Hral.

IMEYHIOL VCD = dc CD d i Hruarardt dd fd= 3/&d. UM a7 Figured CD @l
SISt od fa=M foig 'd' 9 T YN a1, I1 & X1 AT Figurediid ‘¢’ fogar gaara.
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ad Yoo c
Ve Vee
Vea N [ Ves
VEE °
Figure.2.19

aT Figure (velocity Diagram)
4) AT FiguredR ‘e’ faig (AT HYUAMNTA, Vec= cé, EC AT 31101 BE 1 SHSUATHIST Ve = be
Td SRIqUATITST XN PTG,
5) 'a' SHIUT e mﬁﬁ@ dam Figure EUTW
TR Y
J7 Figurede- Yald acR d AISHTT dHe fafqy fefarr o e,

HISHTT B
CB AT HI-1g a7 3{Tg

®¢ = B CBT 6

= 17.5 rad/s ... (B 950 USUIBAT Jdc 6 )  ...8WR

Ves bt 105

CD I BT AT 3Te.

_ Voo dc 1675
Oco T cpTcpT 72

= 23.26 rad/s ... (D dgcl USATATA] laglaﬂ . 3T

fag £ =197 311G,

Ve = ae =125 cm/s . 37X

YA WA (Acceleration in Mechanism)

HH T : TAUITS YT TS ded-T8R AA0T=AT UebT YT A7 ST &R dGdd! ral gad
. § a=Iad B TETe! I faelt ovTH 7Tl aTead, B gid fahal df gad degl [a=TT IGad.
Tqgold- ST HRIGHIA fhum=a1 I fESgH HRUMNTST YT FHSH U0l Al 311G
W UaT: (Linear Acceleration)

dos e Y Hid oV Sadrdl &R T ATl SRS ol ofld. § Ueh gaex JHIUT 318 SATfT ‘a
31eRT g=iad ST ToTdaeseT 9 3R fafga S,

dv
. 2
a= 1IN m/sec
dt /
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W&&[ T (Relative Acceleration)

TUE TaT (Relative Acceleration) g e AT (Relative Velocity) aFO'EERCIﬁ (derivative) ¥ U[H
gRYTT &l 3G

3aTeRUMY, TARGIGE TSIl dgdhe Urgun=al (=R 1Tl faaR . FRterdrear Seufd dga
TUE TaT 9.8 Hi/Adha —TeraT fgRH 31Tg.

B YA : (Angular Acceleration)

do5 e YeHTd B Il (Angular Velocity) SEaTdT &R TeUM T RSHT el S,

8 o o GR axifae Sra SHfor fdrefia Sedi= s forfea S

dw
a=—".

dt
1. U YT ST a7 HIUTTe! &foft aiATor for f=m a1 qei el Sead! drem Yo
G UTH 0N AT 3G
2. WWWW(centripetal or radial component) (a'or a‘),@ﬁ@&ﬁﬁfw
Sif 1 &0ft TR =19 DIchIHTd 3.
3. WiRfeTgesh (') (tangential component)\_rﬂmwwaammm &Wﬂm
fogzar == AFTaR 311g 10T < foigan avmen faR JaF 3iig, wfkid=ar yamme
f3=T (sense) A=A THH fdhaT T favs SRY T,
Wﬁ'ﬂﬁ (ﬁlﬁ?) ﬁ@% TaTT. (Acceleration of a point on a link.)
FigureTed GRITAATIATT! A 31107 B 3/ G foig SRT0edT AB HR gadTdl f[ddR &, fag ‘A’ g
AT B URHTOMA 3fies@at S S1for arf B <t fa=m & fa=m fEaft ofie. Figure 2.20 T fadiean
QﬁﬂFigurei@@ﬁ@B%WWW%@ﬁﬁﬂﬁiﬁﬁﬂﬁ.

Vga Tangential ~ Z__

(a) Point on a link (b) Acceleration diagram

Figure.2.20
fRiwadta faga wan
1. Pivrarg! g o’ Faer, fog A o fARUE UaT= IHick o o'a’ Plal.
2. § U & &, fRidwaiid fog B A A 21 UgHid @RUI G U 3MTga.
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a. A TgHid B 1 YT dafdg fhar AeTd geh Aie. a%a
b. WRIGICH e a'be
3. AN 3o fiidh AB 8 Bl Ucdh BT HRd ST AB G a'x JHIAR
B PG,

4, ®IRI  a'x :acba:%

5. Y Vea = A T Hauid B fogar a7 i et T8 SemumTot a1 Figured® UTe &l
EIE

6. g x O, AB T Td (B TT TRIP UCH) 3T o’ YA TR xb’ PIGLL B AT TUI
RO YT exuaramdt B =1 ATar SHiaR XN Blel.

7. TSHUI AT a'b’ T Siig 33ddl Udl. @aeR a'b’ A1 Ufad yaw 3for feids AB wWUH
3T ST,

8. feidwadtd divrams! fdg C A1l AABC 13 @deR b'c IRWT FBIU a'b'c’ BTl S B AT
Tguia ¢ fogar g gxiad! T a'c' fig ¢ =1 UaT GRITAd. A. ace M7 ac, =T FEHid
TABHE FINAYHT GRUMT G gedh SR,

(a) acs A acp 3TN atye 3 G UCH 3MTed of FigureHH GRITATIA Ab'zc = GRAT 3R
b'z BC A1 HIGR 31T 30T z¢' b'z fdhdl BC o1 dF 31Tg.

(b) aca AL Figured TRITTATIHTD accp fhaT atca 3 GF UTh TR

9. oI AB T T ER AT A(aty.) T T HTd YT B =T Wi UehIdl godral dieudd fauTora
H U i,

Oag = a'ba/AB

Ex.1) Find the magnitude and direction of tangential component and centripetal component of
acceleration of a point A given in fig below.

A
at0A= - OA
o rad/sec?
o rad/sec
o
Figure.2.21
R Figuredl T T3,

IRl T aoa= aﬂﬁ-ﬂ{@uﬂn aon + TRIP YA aloa
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SRS g,

a“oa=w? X OA WWW%
wffe wa,

atoa =a X OA fe=H

Ex.2) Find the velocity of point B and midpoint C of link AB Shown in fig. 2.22

Figure.2.22
fag B 3f1for c ar A
Vb = AB X was
=0.35X50=17.5m/s
Ve = AC X was

=0.175X 50 = 875 m/s

Ex.3) Find the magnitude and direction of centripetal and tangential component of acceleration for
the link OA shown in fig.2.23 if point ‘A’ movers with uniform velocity about fixed point ‘O’

A

w = 20 rad/sec

(o)
Figure.2.23
()  heTiHEE U,
a“oa=w? X OA
= (20)2 X 80 = 32 m/sec?

feRm Féfa & oA
fofet dfdl OA =80 mm

Gy  wofRfe uam,

aloa =a X OA
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BT YT feda T OA @1 dd e fRid 3w 318

Ex.4) The crank of an engine 20cm long and the connecting rod length is 80 cm. Determine (i)
acceleration of piston (ii) Angular acceleration of connecting rod. When crank has turned through 450
for IDC in anticlockwise direction and rotating at uniform speed of 240 rpm. Use graphical relative
acceleration method.

shehdl dil= N=240rpm

@Al DI AT = w =21N/60
= (21 X 240) /60
= 25.13 rad/sec

Velocity of (OA)=r®
R=I(0OA)
VOA=20 X 25.13
=502.65 cm/sec =5.02 m/sec

Figure.2.24

PPN Figure (Fbd 1cm:10 TH)

Figure.2.25

aT Figure (Scale 1cm:1m/sec)
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Figure.2.26
WA Figure (Scale 1em: 20m/s?)
ufehar:
faeiedT SeIg HITBTRRM Figure PTG,
T Figure:
1. Y ¢d 'O [AdeT

3R} 3 AR (313313)

2. g TheRTg OA AT did 3RIAdl ®dex OA HIael.
3. BUd Ui HRUGTST AP T SISUTIMTS! Tl @aeR ap HIG]

4. TSN K IHaT AT AR X 3T Blel. § G waex (op AT ap) Tenl foig

'P' T Badd. Op WSex VP =T I Ui s

AISHY B,

Vp= op = 4.3 X scale

=43 X1 =43 m/sec.

Vap = ap = 3.5 X scale

=3.5X1=3.5m/sec.

AT Figureﬂ'l'oﬁ:

S feiwdt @il 1 7l | o dTmys A | i@ AT

m ac= VZIﬁﬁﬁﬂ'ﬁﬁ

m/s2

OA 0.20 5.02 126.002m/s?
AP 0.80 35 15.31 m/s?
1. 99 9YH Masded YA Yd '0' G Uh @acR oa Bl ol OA T JHIAR 3d Sl
aCOA U] g=fad.
2. foiw AP =1 Heradf HRTIAR f3Uud Ieidl @ae? ‘ax’ BT, AP ol a %+
SISUgTTa! THIaR
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FR Wi e i AP TRIAUIRT x aR 3f&TeR dd Plel
3. WS el AR @aeR BTGl 8 G ack p.(xp MU o'p) IR BadId.
JefagaR p freifrd Prard. AP Aed TrHid &1 S i AP = Tpur yawT 3

HISHY He,
1. Ry ga- = o'p
Vp=4cm X scale
=4 X 20 = 80 m/sec?
BTG IS TaTT AP

(Qap) = atap/I(AP) = 4.6 X 20 = 92m/sec?
Ex.5 PQRS is a four bar chain with link PS fixed. The lengths of the links are PQ = 62.5 mm, QR =
175 mm, RS = 112.5 mm and PS = 200 mm. The crank PQ rotates at 10 rad / sec clockwise. Draw the
velocity and acceleration diagram, when angle QPS = 60° and Q and R lie on the same side of PS.

Find the angular velocity and angular acceleration of links QR and PS.
feorer 3e7 @ PQ =62.5mm = 0.0625 m

QRR=175mm=0.175m
RS=1125mm =0.1125m
PS=200mm=0.2m

Ogp = 10 rad / sec

2 QPS = oY
feciear aRTYITNTET Tl Whawg BB Figure BTG

Scale: Tcm =20mm

e =10radisec

=] f.K"-.'\"ﬂ";'ﬁ.\"-.K‘{\‘H\H\\\H\\H‘U&HH\\H\.".\\S

200mm
Fig 2.27

PIBTRIIA Figure
Q) WAl Ui 3facid e [qeied JHUNTAT T Figure G
i) foig P = Heuie 'Q figan A AT, ie. Vgp.
AMUATHS 38, Vgp =ogp X QP = 10x0.0625 = 0.625m/s.

3{TAT A Figure HIGUINTS! A1Y Whdl fAaeT,
5 IHT = 0.625 Hl/Adhg WUTI.
ify Af3a faig 'p Mf0T s e {1f0T QP &1 SIS UM ®deR 'qp’ Td Dlal.
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iii) ‘q' I, 'RQ’ AT SISV X ‘rq’ Td Plel, Sl 'Q’ =T AaHTd 'R’ foigdn a7 gxiad), Burl
Vrq

iv) 3T, 's' I, ‘RS’ T SISUIMNTS] deR ‘s’ dd Dlel, Sl SMYTURA Plecied] ®der 'rq’ @l
Wad. Dadagal 't WU ddd DR,

Fig. 2.28
Velocity Diagram
i) 31T, AT FiguredeH, Taedra fHesd,
TRq, THUTNR, 5 94T = 0.625 Hi/4.
2.8x0.625

V. =28cm= ————— = 0.35m/sec
qr 5
MTeARs ol ‘QR’ T ST 97 31,
Vqr 0.35

Ogp = = = 2 rad/sec (Anti-clockwise)
QR 0.175

|) an Figurea?;f, /(qr)=28cm

0Rq, FHIUMMER, 5 94T = 0.625 m/sec

< = 34cm = 34)(—50625 = 0.425 m/sec

MOAThe o ‘RS AT BT T 3R,

V
_ s _ 0425 3.77 rad/sec (Clockwise)

(DI'S
RS 0.1125

foier QR =T BT Y= TTUHT HRUGMETST, d UUH, el eRifaearymm grufleg Weurd
ST MesT B,
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Table:2 a7 3{TFOT YA
feipd wa
: e v @t | e v =1 | ST ued ( (Radial wWii® gcd
INC) ) i
19 GIC] T m/sec Component) ((Tangential
Hezaa =13 V2 ) Component)
r_Vv_
ar =—-(m/sec?) al =a.r(m/sec?)
0
ap 0,625 0,625 6.25 [ = 0 ®RU, Db
‘ ' e fofpar THiaR 38 (crank) THTHT T fthed
3Te]
QR 0.175 0.35 07
RS 0.1125 0.425 1.605

i) WIed Tgdrdl Sadd de- [qoied] JAUNTS! UdT Figure HTeT.

A3 foig 'p' 3for 's' <M. gial g Uahra fagar 3ied. a1 T fagased, 6.25 m/sec2 digddn
AT R HIGT 30T QP AT SHSUITITS! THieR = Hrer,

ii) TTATAT, T Whdl TRId &R, 6.25 m/sec2 = 5 T WU,

fdg ‘g’ T, 0.7m/sec2 T Uo7 e Hlel 30T RQ A1 SISUIMTS! JHR fa= Hrel.

RaCR HIGUANIIS!, GIUYH 0.7 m/sec2 T RTHE FTUTAR B,

Teld eRETER, 6.25 m/sec? = 5 cm

0.7 m/sec®= 5x07
6.25

RN BFR AT AR 'q' fIgaRIA r Mevarardt 0.56 I iR Fergifded w1 a:q_

il r g%, 3¢S WgR, RQ o SIISUIMITS! digad UaT ade (SaTa URHTUN 3FTd 31T8)
PIa.

= 0.56 cm

o =~ r o
iv)  fdg s oA, AT gdR Blel @, 1.605 m/sec2 Tiidl 1T RS T FHITR,

YTATAT 1.605 m/sec2 ARTHS TR B,
6.25 m/sec? = 5cm
1.605 m/sec?= 5x1605 _ 1.28 cm
6.25

v) ORI @R AR foig r nyvarrdt g s g 1.28 9t $ieR fergifdsd e,
vi)  vi) r" 3%, fdUdeR YUGR RS T SISUANTS! Gadd Udvl G@deX (Sard URHATI ITd
37Tg) PIal.
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vii) ST Se-ieg INYT TOT STl 'r' 3 dad ol 3G,
@RI Figure U dR0ATITSY foig ‘p' 311f0T 'g' W8 e fag .

\ "q
l’arq

Fig. 2.29
Acceleration Diagram

T Figuredxe, GTA fHesd,
Length (r'r) =3.3 cm

Tfed THAIIR, 5 cm = 6.25 m/sec?

q. =33cm = _ 33X02 195 misec?
a 5
And a:q = Oy X T
t
O = A 4125 _ 3 57 radisec?
r 0.175

rq
HISTHTITAR, 3TUTe diell fHesd (r'r) = 4.2 cm

Tf8d W AR, 5 cm = 6.25 m/sec?

. =42cm = % 5.25 m/sec?

t
And, ars = Oy X T

t
— afS: 5.2 = 46.67 rad/sec®

al’S
r 0.1125

s

2.4. o= =1 b 3T g ST T BT ( Klein's Construction for Crank and Slider
Mechanism) - e T € MR, o= il dhes anfor ISR ELE (Reciprocating
Engine) fafae feferrar T 3Ifor wraeT ( (Velocity & Acceleration) SRATYTTA! {jdda(ﬂnl AMthehe]
T T8 .AT0ef AT 3107 ATUes o TG aed dies a7 SATfor Ja F|GUREWW
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R Dobfgrrear fafay fefarmr 3w anfor wawr Fuifa Far Mg, R foa w1
T T Hled] IRER 3o (Reciprocating Engine)maﬂ\}ﬁfﬁ[@'ﬂﬁ@ﬁmw&ﬂ%
108 T UgalteAT Jad 81 Ugd 3fdd Iidt Sf1for it e 9o 37,

2.4. foe=a X911 o STOT TS ST I BT

2.4.1 qr 3fOr yaar Figuredt ufshar

fea=a 'Fla"T XAl (Klein’s Acceleration Diagram)
Figure 2.30
1. THRHM SO Wb e Hb, b (AO) VT BTG S (AP) GR T
aﬁqmgqalm Figure Plal.
2. HAMGTT S thh dyosedl 3¥T WA dredT 3T Sadtag 'M' fagifed &1, ame
A OAM BT I FAHI0T 3R,

0
AT FABIUT —~AMO(Velocity triangle —~AMO)

Figure.2.31
A®Ir AMO A8,

i, @I AO ol I GRIT),
i. ®dex OM fue= T g=faar anfor
ii. @I AM PG AT AT Sadl,
ITERT FHIYTFRITST 1) HHAT AT Va = @ OA , BTG J18dT AT, Vea =0 PA , O
3T Ve =0 .AM
o] ITat (For Acceleration),
3. BT Sal X IR GUISTDH 1.
4. XA Thar xB =1 90 341 3Reiet ades FIal.
5. TETHT S(RTcIe dges ‘A’ IO s AM THT0! HTaT,
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6. Gla! A(o AR G AGaR (K, L) THhHBIT 9Gdid, § G fog sisdid.
7. 81 filg 'C' IR FAfGT AE 3n1fd ffg "N R et YT ¥,

8. TGS OACN BT AT Figure 3Tg; 8 foiaddl UaT Figure A=A 3TG.
TSI ACNO A,

A
C

N O

WaT agst ~ACNO
Figure.2.32

1) ®aeX OA foig A" =1 vaTmran fead gew axffaal

2) ®FR AC Pl IS YT ST gedh gifadr

3) @I XL PTG IS YT TR gedh aridd!

4) gFeX NO FfEyd fog ‘o' =1 dauid sy P = Wquf vaT ufafifia &=l

Ex.1 The crank of a reciprocating engine is 10 cm long and it rotates at a uniform speed of 20 rad/s

clockwise. The connecting rod length is 40 cm. Determine the velocity and acceleration of the piston

and angular velocity and angular acceleration of the connecting rod when the crank is at 0°. 45°, 90°

and 135° from i.d.c.

(a) T dBY 6 = 0°

Y 1: faciean daoi=ar uRAUITIR 9 ¥hdaar BIRBTRIM Figure $TeT HTOT Figure AH

GRIFAITIHATY a9 ot .

Figure.2.33

'\‘%CIZ:

R0 ORTI=IT UM &, Ve

foi PC =1 faxar 3for op 311fdr O o de M &R e glga.
U, A OCM BT a7 Figure 31Tg.

fleTaaT  Vp = ©.OM=0...(since OM = 0) .... JTX
Y3
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HAfaeT] ST B AT TUHT BRI, we
PGt ST BT 97T,

Vec ©.CM 20x10
@PC T pCc T PC T 40
Y 4 : fUReT=1 YTl 0T &, fp
&% TUH C dqes, Fsar WU cM 30T S WU IR I PC HIGT. G aqadi
3ATTOT L 3MTed SMf0r @ N @R HfaeTT 1 PC HTUT N aR b OP HIUdIa.
fORe=a UaT IR,

= 5rad/s . 3TN

o\,

d ¥adfag K

fo = ®’ON = (20)°x 13 = 5200 cm/s?
WY 5 : HAGH ST DI YA TTFT B, ope

HAfaeT] IS B YA TUMT,
foc ®2 . QN
Upe = pepe =0..(since QN = 0)

(b) HTdBY @ = 45°

Y 1 : G d0rn IRATIHER g AR HIBTRYA Figure el 30T Figure A
SRIAITIHATY Tt a1 ol e,

WY 2 ; fUe==ar AT HIST. Ve

 fOrerar an

Vp = ©(OM)=20(6.8)=136cm/s ... IR
WY 3 : DA ASAT DI I TOFT DR, wpc
BTG ST BT T TUET B

Vec  o.CM
OPC = pCc T PC
20x34
= 20 =17rad/s . 3R
Y 4 : fUReT=1 YT 0T &7 fp.
fORe=T=am UATT=R AT R
fo = ®°(ON) = (202 (3.8) = 1420 cm/s® ... I

Figure.2.34
Y 5 : Hrfae ] ASAT HIFIF YT TUHT BRI, oupe.

BHfaeT] ASAT BT YA T B,
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_ fc @% QN
UPC = pCcT PC
(20)%x 5.4 ,
= 10 - 54 rad/s
(c) AT dY 0 = 90°
Y 1: foaear daHgmn uRHATUIER 97 I aaR SIRBTRRM Figure HIGT T Figurede

RIS Fi-TdT a1 gUf .

Tangent

Figure.2.35

Y 2 : U= I AN, Ve
OP 3HTfOT O o dd WU Hleaied T T fefds PC =T fadR M a’iet amfier o1 sroat sit foig ¢
M Sd. ORe=m a1 3,
Vp = ©.OM=20x10=200cm/s. ... 3R
Y 3 : Hfae ] ASAT DI AT TIHT BRI, ooc
Frfae T ASAT B AT TUMT,
Ve ®.CM
@pc = pc = pC
Y 4: fORe-T=a1 YaTTt 0T 6 fp
&% C 3T CM A BTedd ae Aol T g aqa 3. PC = S T GOk a4 Hlad
3{TE S K 31107 L aiiet AN foigd aqe de . & fog C 2 ey giard. N fog frsfauamret,
PC T aq@d! W% SN WU HTe] off Wihd! X8 BIUd. N &R, TR dIdhi OCQN TaT

=0 (since,CM=0 ... 3T}

Figure aRadl.
e 7o,
fo = (©?ON=(20)x2.8 =1120cm/s*> ... IR
R 5 : HAGT ST BT YT AT R, .
BTG ASHT BRI FavTT U, Olpe
2 2
];P—(C: _ 2 P(?N = (20)43 84 =84rad/s* IR

(d) ST d5Y @ = 135°
Y 1 : faciedn A=A URHATUITIR 1R WheaR BI-BTRRM Figure HTT T Figured sl

GRAGTHTHHTO! G- =T guf .

Maharashtra State Board of Technical Education 52



Theory of Machines (313313) 3R} 3 AR (313313)

XY 2 : fOTe=T=11 QTR T BT Ve
e ==4T QETT=IY 0T,

Vp = 0. OM=20x48=96cm/s. = ... 3R
WY 3: AT ASHT DI AT TUHET BT, we

PGt ASAT HIHIT AT T,

Vec oCM  20x56

®pc = e ="pc = a0 =28rad/s ... JdX

Figure.2.36
Y 4: fOReT=1 YT 0T &7 fp
fORe =T YA T=et 707
fo = ©?.0N=(20)2x5.2 =2080cm/s® ... 3R

WY 5 : HaeT ASAT BT FATT TUFT &, apc
Hfae T ASAT B YT TUMHT B,

2 2
Opc = ];P_é = (DF',SN = (20)48 >4 54 rad/s® ... IR
Exercise

TLO 2.1: Describe velocity and acceleration in mechanism.

1. Define — Linear velocity, Absolute velocity, Relative velocity and linear
acceleration.

2. Define —Angular velocity and Angular acceleration.

3. State the relation between linear velocity and angular velocity.

4. State Steps to determine the velocity of various links in a given

mechanism.

TLO 2.2: Draw velocity and acceleration diagram/polygon by relative velocity/Klein’s

construction method following standard procedure.

1. Explain Klein’s construction to determine velocity of different links in single slider
crank mechanism.

2. Explain Klein’s construction to determine acceleration of different links in single
slider crank mechanism.

3. In a slider crank mechanism, the length of crank OB and connecting rod AB are
125mm and 500mm respectively. Crank rotates at 600 rpm in clockwise. Find the
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velocity and acceleration by Klein’s construction method. When crank makes an
angle of 45° to inner dead center.

TLO 2.3: Determine linear and angular velocity of links in the given mechanism.
1. Find linear velocity and angular velocity of simple mechanism.
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Unit3 oW 3O BIaisR
Cam and Follower
fawa et - o yeR=a BislsRATd! St fddw uRIRYd T Aren gredreard! w1 Wke fdaiid
&1.(Develop a Cam profile for given type of Follower and its motions in given
situation.)
o frogit
TLO 3.1 &# 3for et uRum wies sffwwaarag Wy &1.(Explain Cam and its terminology with
field application.)
TLO 3.2 WIoIeRA godiord UHR el (Identify the type of motion of Follower.)
TLO 3.3 oW i1 hioIsRid arfid=ur &1 (Classify Cams and Followers.)
TLO 3.4 WioeRaAN iGown AR $H Mhige dlel. (Draw Cam profile as per the given condition
of Follower)

3.1 &H 31T BidleR a1 uRag

& ATOT WICHSR = HARSAT TN ST

&4 g TRURT q=iF gedh 3 Sl BidisR AR WUH 3csded] SIu=l ga-d1 gl
IRy TeT 3for SiRTAfeT gTerare (URER fhaT e et )l S ST Bl eRA Teb Yol
Yudh 3l 1 Th BRR USR §-1dd. HH ITHIRIG: WMUEER THIHM AT fhRad Sdrd uig
WIAIR e gaHYTRT 3RTd TO1 HHT STHRIER 3RId.HH °1 Hicdl JHIUNEGR dTR Jretd
fadled] HIHIHRAT el STl

(i) 1.C SR o STcie 3fOT TasiiRe dTeeg SHTUREHT HRUGTA!

(i) AR TR ST Axitve Toaferd idadc prRifdd HRUINTS]

(iii) PTUS T, HTa0) 3107 fIur Hiar

(iv) Taaaferd A 3.1 e TN Hfdd HRUARIS

3.1.1%H cfHArarn (Cam Terminology)

Reciprocating Y

roller follower E
Trace point 1| | e—Total follower travel
Maximum >< i ~ L
pressure. /. ™\ Pitch circle
angle /4 /11
/ ~ N\
P --_’\\ N

Foligy~-
Olg .
er Cam shaft

MOtion . 7 P
. ) %T [ 'I-. 3t |
Pitch point [ LANY - AL .
1 \ 1 I

ry

circle \\ . \ -
Cam profile//: ‘&x‘ - —:— - /'
5‘:.-'_&'_. "'—/..T—._'\."_ L FAS
~_ 8
Fig.3.1.1 %H cfiArars
a. oY 94 : HH HeX URLT HH WHISerA] BIUQIE! HITYAd Faid oM Bisa

3 aqe.
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b. ¢H Ulsc: 81 BicaieR aiid foig 318 SH1f0r ATl el iaier =T glardreird fa=m
afad . g1 Ulse 9 R Wi(pitch curve) AT HRUTMTS! ATURAT ST
c. URR SIS : BiciSR=AT T ot fG= 3101 i &d @ gl AMHd giardid ®iF.
d. T uige: g uike 8T W URR 1A AT Ud Idhd aka  fagel Jefid
3ar
$HH 30T BIAISR o BT
ORI HHA 3D UHR THHUT el OIS, b, ATUDBT WTATAHHTO FIfHd B ehal:
1. 38T fohar fex oH.
2. Rdifgdwa &4
() ATa oA- ASaa HrHd, HHAT el a9 el QR Bias IRTdbe
(Reciprocate)ﬁv_OlT 3R (Oscillate) P dld.
FIGURE 3.2.1 Hel GRifdearydm AT oH 3T,

Cam

i~

Fig.3.2.1 Radial cam
Ricifepd HAAL BIASR HHAT &l THIR G/ RER fHar axal fhar e

Eh_{?'ﬁ(Reciprocate and oscillate) HIAIR T ﬁlﬁﬁiﬁ ESTATHR JIBHITTAR ‘Jﬁ'ﬁ[‘&a
foRALFIGURE 3.2.2 A GRIAED Ridfsha Biaer, oF IR =1 969k Jadrd
IR e fdhar 3ifiae (oscillate)%ﬁ?ﬁ.

Follower

% /$ Follower

_%._A_._,_%._A_,_,_%._%_,_,_._.%“_»_,_._%
o3

(a) Follower Reciprocates (b) Follower Oscillates
Fig.3.2.2 Ridfgwpa &9
3.1.2 ICI3R Tl TffepROm
(1) BIAISR AT HHRITAR
(a) TLEH Tl BICASR
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(b) TR BIASR
() T B BIAISR
(d) TRIDHd BIAISR
(2) WICN3R=AT TTdi=dl WIHR (Line of motion)
(a) ST BidIeR
(b) SHTHIC BIATR
(3)) PIAISRAT TR fdhdl BeTeaR
(a) YRNHET BIAISR BIASR
(b) RIS BIAISR

(a) TR® TS WIAISR: ST BIISRAT JUH T BTl argd! d1&ul YR 3[d, degl Tl
FIGURE 3.23'a A GRIGITIHIY 15 TSl ThIcl3R RUrdd.

(b) TR BIAISR: g BIasRdT R fig(contacting end) TR ST, degT ATAT IR BIATR
TEUIATd, S FIGURE.3.2.3"b" A GRaad 3Tg.

(c) TRic Bl BIdISR: T UHIRd BIAISR . FIGURE 3.2.3"c" AEd GRITITHTIHIY. HUTe g HITRIRG
faerd

(d) WIS d Y BIaI3R:. FIGURE 3.2.3"d" A GRIfAeaTyHT0! faudd 3ol d teie By BIalsR
J gead ¥ 3R

1 Knile edge
= follower

- Flat faced
I follower

M

=

il “\Cam : yCam
1/ /A, P/
! . Nt ot
() Cam with knife (&) Cam with roller () Cam with flat
edpe follower. follower. faced follower.
- Spherical faced [~
f g‘h—-*r'c:-ll-;:uwer Offzet followar — .F|

It o J_I
:i: “Cam - \ T

pil PP RN SR
R (€)= L)
—t o [ Offset
() Cam with spherical () Cam with spherical (f) Cam with offset
faced follower. faced follower. follower.

Fig. 3.2.3 TIAISRT THR
(2) BIAISRAT AT XUTR (Line of motion)
(a) ST B3R
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FIGURE 3.2.4 A QrEGcdIYHIUl SicgT BIalSRE! el XS oHedl HegHRlT Srom=at
& YA degl Il AT WIASR WU, Meadrd, I UbRwAl
BIAISRAD, B3R s 3k TR, fg HHRMTE =1 TEURTIH S,

b) THIUC BIAISR-
FIGURE 3.2.5 & GRAGeITVHIUN SIegT ISR Tl ol Yzl SETURIA(Axis) G 3d
8T Tl 3-Je BIASR UK

(a) (b) © (@

Fig. 3.2.4
RERKIRIEN
b) STHAC BICIR-
FIGURE 3.2.5 A& GRAGCTHHIT! SicgT WIdAISRA! Tl bl =T S&TURIA g 31d dag] Tl
- BIdISR WUrdrd

&) ¢
(@) (b) @
Fig 3.2.5
BT BIAIR-
TSH TS BIAISR 3TOT IR BIASR :

AR% U BIdISRe SIedid BH S0 BIaleR= 0 JESHRTTAT G UMRT giadrd g
TATTS I BIAaTd 3d. AeMH/HH! Huo &, BRG] SIRd JHIUNG Sl 8id ; e o
JRAR AR Td AT61. AR BITSRAL GEUNTTAT G- ATeHT gTerard 3d 9 $fid Judh
& &m?rmg%%ﬁ%n aX(wear rate) WWW@W
TR BiARd B
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(i) S S T AP ST UTed HRa1 Ad

(i) TTEH TSl ISR Ja-d HH! A28 U (less side thrust)
3. 19T B3R IR o reaT fevmade e :
3.1 BIAISR gTerad ard gHBIH @aiic(velocity)

b
;" LDwell - Rise *Dwell e Return Dwellﬂ
E ‘ ’ ; : :
: : G 0 : |
g ] | ] '
] ' ] | 1
) ; ; : : ;
2 ' ' - : :
: : : : :

s ' ' 8 ’
0.A 8 E F
LI TN PR, SN

' 9

Cam anale §°* —*
Fig. 3.3.1
fSXRIHe FIGURE R HIRM 3Hith WIcHSR dty JHhH garict

R fARITT FIGURERS ,( fEemidic S ) X TR R HHd S IH 1Y (AR (@H $Td )
sixraed gRifad oty TR R wiaerd fate fdhar e frfiaed gxifad. teads o,
IdR fRR 3R, AB, CD 31O EF X1 fIRY gTeraTal dramael (dwell period)STIOr XST BC 3for
DE 3{IhH THIHM I7TINIE X139 (Rise) AT Red (Return)¥id GRIadId,

3.1.2H1RM TP BideR 4y Rigd gHie A=-E (SHM)

Rise Dwell | Return PLLL
" - _6 f

= P Sk\ e h \ i
E 7 - C ]
T:_ 3.8 71N
= S K
- 210 / a 7

551 2 3 4 5 6 & 7 8 9 10 11 12

6, L 0g 0, v

Cam angle (8°) ——>

FIGURE.3.3.2
feTadie FIGURE BR AIRM 3HF Bidier ay Riud gMiHe JAIRH (SHM)
wiARH el Rivd gTaiF® JiRM (SHM) SRIdTT, I feeeidie S FIGURE 3.3.2
Ted gRifad
fIRITT FIGURE (fewivdic SR ) |IeiayETl TR dhdll Mg
(i) PSS (ha1 wid ) fhar fade fohar Wi s" & WU stdades Frer.
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(ii) Stfadesrd fardia TaM YT &

(ifi) 3MICRID 30T e Kb B HHd S [ARITIT FHH HFTHE T sfefadesre
A ST fauTord &1

(iv) Srefaq@rasid fag FIGURE 3.3.2 Ted aRIfAeaIy™mT &l Sl Saidd RIHiaR vaifid
3R

(iv)aﬁaﬁ@%aﬁﬁaﬁmww FIGURE 3.3.2 A% GRIfAedTyA feeii<
THHR W G o

3.1.3 HIRM 3 BIAISR drY JHHIH URITRRH 318 JeRSTM(Motion of follower with
uniform acceleration and retardation):
3.1.4 gFAHH YRIeRRH 3 SerexH:
SIgT ISR gAhiH Taqens 3 JTRSTH Tt = FTad! dag] aTe fesaaae feamd
FIGURE 3.3.2 A& g=ifd @
A Rise i Dwell Retumn Dwell
F f g GC

H

'§|
K
L
M

=Ss
o m

(¢}
>mt\a

Displacement

X

. Nl
1T 2 3 4 5 6 6 7 8 9 10 11 12

o W | w

>t

-
o

Cam angle 0°—

Fig.3.3.3
3.1.5 fSTHe FIGURE BR gRAHiH TaIereH 38 SerseH
feTagHe ST (FARITUA FIGURE) WTeltd UHTO TR al 3HTe-
(i) STICX I 30T e Wi REM HHd DI AR 0 HFTHe fquTiord &= ofor ar
fagHeA 39T X1 Flel.
(i) fig 3 g% T It X1 @1t 311for faew A, B, €, D, E 3101 F 1T SHM W=l Ui
fayrford &,
(iii) 0A, OB, OC,fD,fE , fF 3. Il
(iv) f8ig 1,2,3,4,5 30T 6 T Bl 3T WG I I Ba-feg o,a,b,¢,d, e 30T f foig
.
(v) T ST TTSUIRt Fd I IHAS] [STRITHT TehbR T G=iad.
(vi) Re= Rpardt xfiet € T rada,
fedeu wialsR dRFETrd! 9 MwTsad Huivor:
HH UIhI3d HIGUIMNTS! TTdid Ulshar S[adad! Siis K-
1. leoiedT BIeleR ARMNTST faRITIT FIGURE ®TaT
2. PIOHICH SRRl d ded AN B TS D H R 378 AT BiaisR baHiad! fthrd
318 A e faie fawg faRn fipra oime.
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3. HHd G5 ged dIal T AT R, fGRITTA FIGUREAR (displacement diagram) aToRedT
SO HIATTYHTOR JHT YA faHTRoTd .
4. JTATe DI-1d TARITGTRI HefAd iR ot fafdy qifgrr=g Srer.

5 ATavTeH T ¢4 Ulsc fdhal Wudh JRUNTEGR W1 HTel d fea A NwRd shd
3.4.1 Drawing of profile of radial Cam with knife-edge Follower with and without offset
Ex.3.1- A cam is to give the following motion to a knife edged follower :

Outstroke during 60 of cam rotation

Dwell for next 30 of cam rotation
Return stroke during next 60° of cam rotation and
Dwell for the remaining 210 %f cam rotation, Stroke of follower = 40mm
Minimum radius of cam =50mm
The follower moves with uniform velocity during both the outstroke and return strokes.

Draw the profile of the cam when

(@) Profile of the cam when the axis of follower passes through the axis of cam shaft

(b) Profile of the cam when the axis of the follower is offset by 20mm from the axis of the cam shaft:
Solution

Td UYH, FIGURE3.4.1 A RIS, faRITUH FIGURE QTN T dhedTIHTT! dlaa 3e:
1. PTE! TFY Wraar AfasT I AX = 360° HTeT. TT HBIeR, BRI 33ckIbd Ufafia
HRUTMTS! AS = 60°, TIUA d YT HRUGNITST ST = 30°, Red widwd ufafia
HROGTST TP = 60° ATVT(dwell) ST o UG HRUGMTST PX = 210° Fegifded H1.

2. BIAISR (Ut 40 i) =1 Whevaan sRiaIa! 34T X1 AY PTeT 0T FIGURE3 4.1, T
GRIGITHHIO ST Ui FH.

3. AFHex D A Red Tl I DI ORI SHIvrg! THH HFTHE fFuiford &1
(TTT TG0 3107 Uep foigHed 391 X1 Plel.

4. 3TICKIH VT R Kb G- BIAISR THHA o [WhRd ST, [T
FIGUREHS TR T SR, AG HTFOT HP STeT

5. HYUT fARITIA FIGURE AGHPX §R FIGURE3 4.1 HE Rifdell 31

|«Outstroke->| Dwell IReturn Slroker Dwell >
Y G H
F J
3 Uk 1
> o NL 40 mm
c/1 M
B,/ NIN 1
A S T P X
0123456 0'1"2'3'4'5' 6
|<—60°—’| 30° |<— 60° =l= 210° —
Fig 3.4.1

fEeiTHc SHUH BR HITM 31 BIeNsR d1Y GFAhIH galicr:
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Knife edge T
follower \f,"e] X

Base
circle™

Cam profile

Fig 3.4.2
&HH MHIsd
FIGURE 3.4.2 A& GRIAeTTYHI ST HISRdT 318 HH MU T Sl degl dHa

TR S WIAd IRUMHED i dhedIuHIY HIed 3Te:

1. ALHTT O W8 ShHal [ Bsar (g 50 ) =1 T 3541 Sydd oY aqes ®Ial.

2. ICH3RAT 3f&f DHH MICHT &I ST 3™, FIGURE 3.4.2 T GRITIeTHHI0l ¢ drse A
fergifard .

3. OA T&H, 3FCKIH SGUITITS! B AOS = 60°, dwell SRIfITIRTST B SOT = 30° 3MfON
fYet wiwd ufaffid SRt ToP = 60° ®IF frgifdd H.

4. T3NS SHTOT Rl Kih G B fARITIT ([WGUST DI A0S 30T B TOP) AT
FIGURERS THM TH HIT=AT G e fayTiord &,

5.fdg 1,2, 3 ... 3Gl ST 30T 0,1, 2/, 3, ... T % O T VT FIGURE 3.4.2 AL GRITATHHT0N
T aqosT<dl Ueiichs RITUU] .

6. 31T 1B, 2C, 3D ... SATG! W BRI 30T faRITUA FIGURETRE O' H,1Y ... S.

7.A,B,C..M, N, Pl Ira'ci-ll JBUCR dh Y8 (smooth curve)\_rh?;T. b 3T AGHPA%&J'TH%IQQUf
T3 3TE.

feur: B, ¢, D ... L, M, N & fig Srciicsam ffes qrdbdra:

1. TIAISRTAT &R AY = 40 Tt fgiford &1 3M1fOT [aRITIT FIGURETHTDY 18,2, 3D... STG!
S{ARTAT UM Ab, Ac, Ad... 33T 4.

2. %Y O A g, ST Ob, Oc, Od 3. TE arcs HTel. B Idlfad XN 01, 02... IAGHT B, C,
D..L, M, N 3% geard
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b) Profile of the cam when the axis of the follower is offset by 20mm from the axis of the cam
shaft:

i

|

|
I . Knife edge follower

Base circle

Fig 3.4.3 & UIh1Rd
FIGURE 3.4.3 A&l GRIAeITIHT HIISRAT 318 HH MU SETUNT HThIC dhedear diHd

NI d WTdid aRUMHE Td HedIar e g
1. ALHTT O U ShHeAT fhHM B (ot 50 ) sraad o ade Flal.
2. HHAT SETURE 20 T SfaRTaR WIS 3fef HIET, ST o dagedTal A IR wadl.
3. AO SITST 3101 7e O ¥ 20 ot Bt sifthdie aqde ®lal.
4. OA T&H, I SRIGUIRITS! B AOS = 60°, dwell TIITARTST B SOT = 30° 30T
e Tied ufaffea sRuarmdt Top = 60° B fagiferd B
5. AICWID AT Red T REM S fGRITGT &, HF A0S ST &F ToP) faRim=
FIGURESHTO! §HTH HRTI=AT 9 S el fauford .
6. 3T faig 1, 2, 3... eto, 3N 0, 1,2'3... te, I TYBIAR, HBHIUC TGBIAR WP BeT ST
SRITTIHTUI T WRihT Je5 aedTaT Udiidhe daR &l 3otk qe.3.4.3
7, 3{TaT faRITUA FIGUREGREH 1B, 2C, 3D... . 30T OH, | J... . IT B
8. A B, C.., N, P T [T TSI aehH SIISL. 9F AGHPA § HHd Ul MhISd 311G,
Cam with knife edged follower without offset with Reciprocating motion
Ex 3.2 A cam, with a minimum radius of 25 mm, rotating clockwise at a uniform speed is to be
designed to give a roller follower, at the end of a valve rod, motion described below:
1. To raise the valve through 50 mm during 120° rotation of the cam:
2. To keep the valve fully raised through next 30°
. 3. To lower the valve during next 60° and

4. To keep the valve closed during rest of the revolution i.e. 150°
The diameter of the roller is 20 mm and the diameter of the cam shaft is 25 mm.
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The displacement of the valve, while being raised and lowered, is to take place with simple harmonic
motion Draw the displacement diagram. Draw the profile of the cam when

1. The line of stroke of the valve rod passes through the axis of the cam, and

2. The line of stroke is offset 1.5 mm from the axis of the cam shaft

Data- S = %% = 50 fiHt 60 = 120° 6R = 60°

: ___Valve —
. Ir Vahee raised —I-J;ﬂwnlll_ll-e lcwaraﬂ*r— Drwvell -
iy
[y F
?éid' 'é,/— TN I
g LA N
=1 — < ) L S0 mm
= \. |
[ |
P 1 2 3 4 5 [ = o' 1" 2'a'g's' ' ”
I
« 120° a0 = go° -k 150° |

I (a) Displacement diagram |

Fig 3.4.4
fSawic S (fARITIUT FIGURE)
Fleg VST Kl 31 HH TS &I STd degl HHd Uhrsd
S UBTSd, FIGURE HeH GRAGCUTYHTY), WIAd TRUMHE I hedTIHTu) ¥ETed 3Te:
AU O 31O e fr fAsan (U 25 i) B srad SR age Flal.
a. % O AT BT Syl SifauTy ades ®ar,
b. OA = B! fhHM BT + 1 2 ATRAT AN = 25 + 12 x 20 = 35 {HHT
c. Rleegdl M a1 38c Kdh RAUINIST HF A0S = 120°, dleegd Ul
HRUGMTS! B SOT = 30° 30T aTed™ AR fdhar e K e=fauamra! &9 TOP =
60° FHTa.
d. ®leg aTGadMT 30T HH HIAHT HHI P [TRITTT (FGUN, B A0S 30T TOP)
fORITIT FIGURETHTU! FH HITR=AT THH Sl faUTiord &,
e. &% 0 U8 g 1, 2, 3, TS SIST 37T FIGURE 3.4.5 A GRIAATIHIU {5 dqesTedr
Uclidh s SciedT 8T daR B,
f. 1B, 2C, 3D 3. fORITUT FIGURETREA fa=UTuTi=T HTH 9 .
g. A B, C T feidmed 9rid ogl... N, P, A. 1 fagHeA dredcl ahdRr I fUg
deh N1 BUH IS STd
h. A B, C Tl fdga®.... N, P, JeRed Bdgde! Al ades dlel
i. FIGURE 3.4.57¢0 TRIfGeTyMTOl aar daRl B Sd ah®R 8 . SIS dHd

AR D YHTSH 3G,
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Iv Holler tollover

b)profile of the cam when the line of stroke is offset 15 mm from the axis of the cam shaft:

FIGURE 3.4.6 T GRIAEYHTD &1 AU H&TaE KIdhd! WH HBIT hedldR HHd
TS d Qe aRUMHY Tl dhedTgHIu dlad SIS, [

a) % O 31T 25 forfi=ar THF BT SrTad SR ae Flel.

b) H& O 31O 5T OA = 35 et el SifqUTST I Flel

¢) % O AT 15 = JaF B s 3T ades dlal.

d) OA . SIIST. OA T HHY BT fARITYT HTET FUS B AOS = 120° BTl B SOT
= 30° DI TOP = 60°

e) Bleeg ATGddMT 31O HH! DHRAMT HHY DY AT faIRITYH SHTHATIHT0 THH I
YT (FGUTS! TgT HIT) ALY faHTioTd &6,

f) g 1, 2, 3 TFA.... UTSH IGBTR AT IgeaTar Wi He].

g) 1B, 2C, 3D ... 3. fARITI FIGURETE HISTeTyHTO! faRITy=T SRISRIA I Hhe.

h) A B, C ... M, N, P. T fgHT ea731d dsh SiigH, el fUd dsh fiiesd.

i) 31T A, B. C, 3. % WU AR s Hedl 3Rl age Hlal.

j) FIGURE 3.4.6 T SIfaeaTyHT0 Idesiean desTRi el g aaueR agh Y8 oiiel . § hHd

HTaGh ThISd 3Te.
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Roller follower

Fig 3.4.6
& WHIsd

Ex.3.3 A cam is to be designed for a knife edge follower with following data:
1. Cam lift =40mm during 90° of cam rotation with simple harmonic motion
2. Dwell for the next 30°
3. During the next 60° of cam rotation, the follower returns to its original position with - simple
harmonic motion
4.Dwell during the remaining 180°
Draw the profile of the cam when

(@) The line of stroke of the follower passes through the axis of the cam shaft, and

(b) The line of stroke is offset 20mm from the axis of the cam shaft
The radius of the base circle of the cam is 40 mm
Solution: Given S=40mm ; outstroke =90° ; return stroke = 60°

fSawigHic S Fig 3.4.7 GrEaed] THIO BT
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: Return
|<—Outstroke ———>| Dwell |— stroke —>|<—Dwel|—»—

G

J\IK T
L 40 mm
e |
s R Nlp
6 O| 1| 2! 3! 4I 5! 6!
»l€ 302>« 60° >! 180° >—>
Fig.3.4.7
fsawgHe suH
Knifeedge __\—
follower ?‘Y ;

Cam profile

Base circle

Fig3.4.8

U NHRd
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A

3\ 2\ 1

z

L

Cam profile

Fig.3.4.9
Cam profile

\/

0° x
L

T

|

A

ll Base circle
N\t

3R} 3 AR (313313)

Knife edge follower

40 mm

Ji\

Offset circle

—| 20 MM

Ex3.4 The following data relate to cam profile in which knife edged follower moves with
uniform acceleration and deceleration during ascent and descent:

Minimum radius of cam =30mm

Lift = 50mm

Offset of follower axis= 12mm towards right
Angle of ascent = 80°

Angle of descent = 110°

Angle of dwell between ascend and decent = 60°
Draw the profile of the cam.

Solution

Given data

Tlar3REt faue s=50mm,
ST P 6o = 80°

J5T G UAITl ®I 6r = 110°
fSRY g™l &I, 041 = 60°
SR gTeETd™T &1 042 = 110°

SA i
Rus; . Dwell Return | Dwell
= - -
e f
C% c § F
£
3 b,
0 B g
1 G
0]
A H
a / f
o 1 2 3 A 4 3 2 T 0 -
Y. 0, = 80° » 04 = 60° » 6, = 110° 0, =10°
Fig.3.4.10
o v
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(i) 3T B A TN Wi SIGuarTST (&t 3nfor I feffer TG Whd &
(i) 3C STA (FGUI BIH) 0. AT 4 TR TH HITHS 1,2,3, 4 31 faHIford w1

(iii) 1,2,3,4 TR 3HfSC PIaT

(iv) 3TTSAC 2 A 4 UFT A, B, C, D 3 faHSH &1

(v) TS T “a" ASIUINTST “OA" SNST. ATEYHTON b, ¢ 30T d 07 firesar

(vi) TORITI FIGURE UTW HRUGIATA! a,b,c,d STTST

(vii) e e SfTera ¥ FHM HIT 4,3,2",1" 31 fqHTe He.

(viii) 4',3",2',1"' R 3fifec Blel

(ix) 2 R AT Sedr 4 THH YFTHS EF,G,H 31 faufoa &

(x) 3ffferc 3’ W "fHEITIRITE! FRUARIS! eF AT Slel . AEyH g g,h ffresar
(xi) f[aRITI FIGURE fiisfquamrdl fdg e, f, g,h,o SIIGH &1

(xii) ST T, FIRITIT FIGURE 3HTSaN( &fcsT )R 0T 3MT8

+12mm:
f—>1

Fig.3.4.11
Cam profile

HHD MBS TTeld < AL ] HedTUHTY Hled SIS, b

i) g 3f1for 30 foredt s WU P WE 99 aqe el

(ii) P T s SATFOT 12 e s U o3, 3Hthdie age dlel

(iii) FIGURE3.4.11 A&l TRIfAeaTyHTO) IoiedT STo[al SHthie aqaTal WiRidT HIal.

(iv) FIGURE 3.4.119¢] SRIfAeaIuHT0l Blalsid Ufed ®IM el

(v) PO SIIST 30T PO 9%, 80, 6d1, 8R , 8d2 B HH=AT fthevare fexa favg favin wost
B ITERUNd TSIl Iaie faR (31T Failep arsel )HIS.

(vi) SMICKIHAT DI 1, 2, 3, 4 3R AR A YATHS fauTiord &,
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(vii) P-1, P-2, P-3, P-4 H& GiIS]
(vii) 1,2,34 TR T T AT TRRET FHTeT
(ix) FARITTA '1-a, '2-b', '3-c', '4-d' TRToraaT SIS SFHH 1,2,3,4 R GLAART BRI
(x) e et ufshan g1 a1
(xi) SHTARGD HY MpIsd [Hfquarrdt Taifeld amd §R o, a, b, ¢, d, e, f, g, h, o SIST
Ex.3.5A cam is to be designed for a knife edge follower with following data:
1. Cam lift =25mm during 60° of cam rotation with simple harmonic motion
2. Dwell for the next 30°
3. During the next 60° of cam rotation, the follower returns to its original position with - simple
harmonic motion
4.Dwell during the remaining 210°
Draw the profile of the cam when
(@) The line of stroke of the follower passes through the axis of the cam shaft, and
Solution: Given S=40mm ; outstroke =90° ; return stroke = 60°

Return

l+——Outstroke —| Dwell |— stroka————Dwell——
Y G H
e B B e s .~ g [ N B B
{5 /'
gl 3! 5 L 25 mm
B blEl' c | ! 1 M N
L " g | S RA-ottof P
2 AD 1 2 34 56 0'1'2'3"4" 5'g' X

|-— Eﬂ‘—-l-—:sl:l’—-l‘— 60" ! 210*

Displacement Diagram

Fig.3.4.12
feawgHc gug
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Ex.3.6 A cam operates a roller , in line reciprocating follower.
The further specifications are:
i.  Minimum radius of cam=25mm

ii.  Lift of the follower=30mm

iii.  Diameter of roller=15mm

iv.  Angle of lift=120° (Nature of lift is SHM)

v.  Outer dwell angle=30

vi.  Angle of return =150°
(Nature of return is uniform acceleration and retardation where acceleration is equal to retardation in
magnitude)
Draw the displacement diagram and cam profile when the the axis of roller passes through axis of
cam.

Solution : Given data

BIaleRd! fate =5=30mm
fordear ®H, 60 =120°

3R greaEEr &, , 84 = 30°
g1 I3V i, 8, =150°
< fbAM 341 =25mm
R N = dr =15mm

et B = re=7.5mm

2 Rise i dwell, Bl »{e—dwell
6 G
5 . | S| S
H
4/\ g |
E
E c NJ
o 3 )
) K
]
» 2\/ - ) L m

4N
o 1 2 3 4 5 6 6 7 8 9 10 11 |2

fe——0,= 120° 0, =150° ————»]
. 6,=30° Camangle 0 —»

Fig.3.4.14
Displacement diagram
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Roller follower
(In - ling)

Fig.3.4.15 Cam profile

Example 3.7.

Design a cam for operating the exhaust valve of an oil engine. It is required to give equal uniform
acceleration and retardation during opening and closing of the valve each of which corresponds to 60°
of cam rotation. The valve must remain in the fully open position for 20° of cam rotation.

The lift of the valve is 37.5mm and the least radius of the cam is 40mm.The follower is provided with
a roller of radius20mm, and its line of stroke passes through the axis of the cam.

Solution- Given data.

WIchsR fofde =5=37.5mm

dled IYSUIET I, B0 =60°
f3RT gTerareidr @, 84 = 20°

Full
r—— Valve open—.l ope¥1 |<§Valve close——»
=1 | ‘ ’? T T
= S ;
SCAAF IR e |
| Dl |E KNS
C| ~1¢ L 37.5 mm
X a ey, N
A P S T , - - e S P v
0 1 2 3 4 5 6 0 1 2! 3l 4! 5| 6!
l— 60° »l— 20°—}< 60° .
Fig.3.4.16
Displacement diagram
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Roller follower

Fig.3.4.17
Cam profile

Exercise

TLO 3.1 Explain Cam and its terminology with field application.
Q.1 State the function of cam and follower(R)
Q.2 Define (i) Base circle (ii) Cam profile (U)
Q. 3 State the applications of roller follower and flat faced follower(U)
Q 4 Define base circle and pressure angle(U)
TLO 3.2 Identify the type of motion of Follower.
Q.5 Name the four motions by which follower moves, during its applications (R)
Q.6 Draw the displacement diagram for knife edged follower rotating at a uniform speed
with motions defined as follows:
(i) Follower to move outwards through a distance of 30mm during 90° of cam rotation with
uniform velocity
(i) Follower to dwell for next 60° of cam rotation
(iii) Follower to return to its original position during 90° of cam rotation with uniform
velocity
(iv) Follower to dwell for the remaining period
Q.7 The following data relate to cam profile in which knife edged follower moves with
uniform acceleration and deceleration during ascent and desent:
Lift = 50mm
Angle of ascent = 80°
Angle of descent = 110°
Angle of dwell between ascend and decent = 60°
Draw the displacement diagram (A)
Q8 Draw the displacement diagram for the motion of the follower with Simple Harmonic
Motion for following data (U)
Lift = 40mm
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Angle of rise = 120°
Angle of Dwell =60°
Angle of return= 90°
Angle of dwell =90°
TLO 3.3 Classify Cams and Followers
Q.9 Write the classification of cams. Draw sketch of any one (U )
Q.10 List the four types of followers according to their shape (R)
Q.11 State the advantages of roller follower over knife edge follower (U)
Q.12 For high speed applications, roller follower is preferred over knife edge follower.
State true or false and justify your answer.(U)
Q.13 Draw the schematics of the following:
(i) Cam with knife edge follower

(it) Cam with roller follower

(iii) Cam with flat faced follower

(iv) Cam with spherical faced follower.
Q.14 Write the classification of follower
(i) As per shape
(ii) As per motion. Draw sketch of any one follower.
TLO 3.4 Draw Cam profile as per the given condition of follower
Q.15. Draw the profile of a cam to raise a valve with S.H.M. through 40 mm in ¥4 th of revolution, keep
it fully raised through 1/10 th revolution and to lower it with uniform acceleration and retardation in
1/6th revolution. The valve remains closed during the rest of the revolution. The diameter of roller is
20 mm and minimum radius of cam to be 30 mm. The axis of the valve rod passes through the axis of
cam shaft.
Q.16 A cam operates a roller follower, axis passing through the axis of cam. The specifications are :
Minimum radius of cam = 25 mm
Lift of follower = 50 mm
Diameter of roller = 15 mm
Angle of lift = 120° with SHM
Outer dwell angle = 30°
Angle of return = 150° with uniform acceleration and retardation. Draw the cam profile
Q.17 A cam is to be designed for a knife edge follower with the following data : Minimum radius of
cam = 50 mm Stroke of the follower = 30 mm Outstroke 90° with uniform velocity. Dwell for next
60° of cam rotation. Follower returns to original position during 90° of cam rotation with uniform
velocity. The axis of follower passes along with axis of cam & cam rotates in clockwise direction.
Dwell for remaining 120° of cam rotation. Draw profile of a cam.
Q.18 A cam is to be designed for knife edge follower with following data : Cam lift 50 mm during
120° of cam rotation with uniform velocity, Dwell for 30°, during return stroke 90° of cam rotation
by SHM & remaining is dwell. Draw the cam profile.
Q.19 A disc cam rotating in a clockwise direction is used to move a reciprocating roller with simple
Harmonic Motion in a radial path, as given below (i) Outstroke with maxi. displacement of 25 mm
during 120° of cam rotation (ii) Dwell for 60° of cam rotation (iii) Return stroke with maxi
displacement of 25 mm during 90° of cam rotation, and dwell for remaining period. Draw the cam
profile, when the maximum cam radius is 20 mm. Take roller dia. meter as 15 mm.
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Q.20 A cam is to be designed for a knife edge follower with the following data :

1. Cam lift = 40 mm during 90° of cam rotation with simple harmonic motion.

2. Dwell for the next 30°.

3. During the next 60° of cam rotation, the follower returns to its original position with simple
harmonic motion.

4. Dwell during the remaining 180°.

5. The radius of the base circle of the cam is 40 mm.

Draw the profile of the cam when

(@) the line of stroke of the follower passes through the axis of the cam shaft, and

(b) the line of stroke is offset 20 mm from the axis of the cam shaft. The radius of the base circle of

the cam is 40 mm.
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Unit 4 TTdR SFATHRM (dee, 9 31 fRR)

Power Transmission (Belt, Chain and Gear)
fawg froht: feown siefiie SryamaTa! am oiak uafiR Suet fAaeT (Select the suitable
power transmission devices for the given field/industrial application)
o et
TLO 4.1: UiR HRFAYE! dmdTe SRe sfiwwl(dentify the different drives for power
transmission.)
TLO 4.2: faRkiy srgyarmandt arg grses Hasr.(Select suitable drive for a particular application.)
TLO 4.3: 37 YHIU], dee =M, 3T 3{1h dicde, dec SlsmAed UlaR SRITHRMd! TuHT @<, (Calculate
various quantities like velocity ratio, belt tensions, angle of contact, power transmitted in belt drives.)
TLO 4.4: 99 Si5agd WAe 3T die | (Enlist advantages and disadvantages of chain drive.)
TLO 4.5: aaieal YobRa AR ¢ sfieswr (Identify the different types of gear trains.)
TLO 4.6: dt< IERE, 91 IBE 30T R S5 fhar fiden WRites= o1 &1, ( Compare belt drive,
chain drive and gear drive or given parameters.)

UTaR TAARE: See fbaT GRY () Tbrar 3 febaT v1aTea 3 fpRom=at Yefi=am Tgram
THT AMFEHYA A1 AT A kT AT A0S (§d YA RId) aMuRell Srard. aTge —eied]
YIoitd THTUT T geahiaR faeiq SR
1. Secdl o,
2. 1 ATURATCT (Tension) Se€ gefiar Sddll ST,
3. dee 30T @8 Yait Afeardid 31 31 PHIuTd.
4. 51 IRIYAId See IR ST,
R a1 AleR IRTT WA J9gR 33eyce YaqueE Tdd Iof UHRd %R0l § ¥afd
I AR HEfUS! Th 3R, kil TR HR0ATE Th BRIGH T1eH TS M=t et
TR o 9311 gR TAfid 3. YMueadid eid 31 o Sed e Hxuare! W, dee
Gait fobal =9 Wicbcd GHIAY el 1S, Yehdld. Sgdch MU TRPeR(I fdhal Ulehes) ST
3TTOT ffafes, e 5.9 =M it T ST Yuaremd! uifsr=i SMfor guid SH1ay ddd.
4.1 9e€ ST UHI aiqd gu=a1 JaHed UiaR CIHIC HRUGNTS! aruRd! SiTd.
3f) deedl UPKR.
1. TRITE d¢€; Figure 4.1 (3) A GRIATYHTY FUATC dec dgdP HRAM AT BRI
TR ST, 1Y G geit 8 HieUal SiRd ¥9ard degl Ul YolluREA gu-a1 gaiaed gery
THIONT STl FRTRd ol ofd. e

Flat belt % V- belt éClrcuar belt

(a) Flat belt. b) V-belt. ¢) Circular belt.
Figure No. 4.1
(3)9UTe See. (b) V-9 (c) TYBTHR deT
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2. WI-AE: Figure 4.1 (b) Y SRITIIHTY F-secdl AR dgdd PRTTAHE 0T
DHTHTAT GHHIHL Bl Sdl, WY TebT YetH T g1 YT, SiegT &I Yeil ThHb el
QU Sfdes 3T 30T dogT HEH YT Qekil TR il ST
3. IGBTPR dee fFar g Figure 4.1 (¢) T TRIACITYHI TIBTHR Sec [ SRt

AR FgdP HRW SO BRI HED el SiTcll, S1Y AIGaT FHIUNT ekt TehT Gt
ST GeitHed TR (S QTG 121d) et offd SATIOT G geit 8 HiexUaT SR SfaRTaR
3M1gd.

¥) G1-dec SRR @R WiC deg S5ed B ST dlc W TaTHT 3ed.

Lgir

E1-ee 3o Yo SaiAdd T8 RS Hiide-y 3.

33 YHRIAD 38, PRUI dec AT Geft Jegadta Ry 1107 3ire.

V-secy 3dgiH sHfded ST 0T Wgad A Bid e, TBUH SI3% Y 3.

g &Y 3w, 3 9 5 9¥ UgH A,

© FgSIUUl RITUd ST Bled SIS, Wdbd.

WWW&WW(NOiseIeSS) &H%

ARM IE ATedTaR Uidh HH! BT & SecHed 3.

i yar (Speed ratio) SR SRl 10ﬁ|35W

Wéﬁ%ﬁ%@ﬂwﬁwuﬁ%ﬂwﬂﬂ%ﬁ@ﬁ TS Fl-decHgR

Wﬁ‘c{éﬁﬂnﬁmﬂ?ﬁﬁq@miﬂﬁm Hqeh 1Y SHTIOT TG qUITETAT THMH UG RIS e

TS SR 3.

10. Bl-dec  decedl a1 fhdl TN SIS[El Ug U Glg! faRIH S{TURE Hdl SIS, dhll.

T I FHefaiel], T fbar afast 3/g T,

die

%, HI-deC Sregdl dTUR HIdAT AHUTT Sag &l o, Uahd ATal.

2. RI-dec JUIC YAigddh fehTs, A9drd.

3. UIC USHiNTa! Goua &1-decdrat gt ol 3ifies faay 3ime.

4., F-USIiaR 3fdd YA FMesaial SRIAHes, d GHGBICD AN S0 erafdi

SUBRUMREAT fRUR Tt aTRI3T 9 ATglal.

. AU dGd, decdl $ARg ATl 101 decd! didl 7 S0 e decd g JU

P PG O LR WN

gyTfad gld.

6. HEUNRIRS dIUl 5 m/s T&T HH 30T 50m/s T&T SR o V- dee aroRuay Ufaaey

P,

) dec gIsmd THR

1. dTSe S5 BN I3 A0 A I ATYFIVHTY FAR 10 m/s T Sec AT A8H
e TR RO aTaRe ST

2. A SEEY:IRN VAU 10 m/s Ul SR U 22 m/s Tdd Secadl d
AIH Yok THING HRUGRITS! § araRe SIidid.
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3. 2l TEE: HUIR AN TFRER THN 22 m/s T&T SIRA dec o HIddT et
TR HIUATETST dToRd ST,
8) deeardl Aifg:

a) @qv dor decHId! Yald A@rE! YT WaR 3. WAy IHedrd Ug 1.2 Hex d 1.5
Hiex Al UTIRET §-ac SiTdTd 10T IR GoliedT ¥R grageel Arild greren
GIe! SIS PIUA ST, e bard aTo SgrdT SToUa TSI U Hadh 3,
IR <gTdl o1 Holgd 3d. bl STofd dg JSHIER dd Sdrd, dR Hirear drefd dd.
Thad SdTd STOT YEUFTIET YHIGR 3RIdTd. e I HRUMYSS, Ygdredl hdid! dTe]
qofieaT YR U HUehid SRTaT, Jes e AT gelt aiend 3ifeies af-y Tud ady sifor
gee fqumTT Tatd A3t a7 el STexid STod ddd, SiY e JoiTeal g ST S id
SR dT0T 3l WaR UhaR fidh-c dhald [dhdl Wil {3 S daia 3R Xbd 34l B
fAfdy ol STara Ia1. RiTd, Saa fdhar fieud @ Snfdr arReredn ffga= S aR o
gD, §H fdvar ofs.

b) ®TH fdar Bfad: Biddhd dgdd Us DN fdhdl Bl Shal i fdhdl Arg- sifd
R (3= TTSIaR facigd) hics H= MM U SIgd d-dd SIdld. § Ug adid
Sfesd Sd1 3Mfor STStean ugiaed faure SITdTd. g1 diexyWh SHqUIrTaT SATfOT a1 ol
8% U WU I Slaure] darRed fha it el Sid. S19y ue W Snfor
JEGR BATHMId, IR AraraRund 301 ST R 97 SrdTd. H1H Ugdidhs Uts
T 0V SATITD TN, § U Tgareh At T3, dee HrdR SACIHED IR ST,

) VER deT; TR UL § R USRS e SRIced WisdhT YR §eiel SRIdrd ST
JEToR IR UTde 4R 3. 8 Us A= dafidh $&drd URq SWrdr, dd fdvar I
g HUSId T o a8 gldrd. a1 ugaidl Uh J& Braal IUlel d Jgoiqul
A8 (Endless) Pl 1S, XHbdMA. & Ue Il Hew, TR Heawd! amg emgd oY o
SIeTaTea YUHhid 3HTed.

d) ¥9dT 9¢€ (Balata) : & US 6RTA] USINIRET 3RdTd RGN ISR ST §drel T4
TR STl & Ug URTS Y 31101 i’ YW 3HTed IO d UToft da fobar Srebval gIR gHTfad
gId ATa1d. STaTeT Ug Yo fSUt AT SRIUET SR draqMId ¥1dd SRUT AT dTUHHId Jeflc]
03 8i$ [ade 813 ANTd!. JdleT decdl didha YaR decU&T 25 Tdd Skd 3.

3) 3¢ ISl Fas
SeC SRRl MaS SATaR SAde 3d d Wdid Hewrd Uecdh e
1. SHAfegT 0T Sleg= MY o,
2. 7 Sl HIUYT YT,
3. U1 HRUGTT ek,
4. QMU HEHRTAS 3R,
5. YhRIASD Secgd! Hagdhdl (FMhe)
6. TMUC ASMIC.
7. ST USRIl
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8. Jd1 321?ff.(5ervice Condition)
ie dee SI5Ed UPR

1. 3IUH 3T TEE: Fig.4.2 T SRIAYATY 3HIUF Sec S3@dl AR MU FHIAR
30T T faRM fihrd Sreied] SHIRIE Pl Sl T YHRUM, SR A BT e Thl
SIS (WIS WTerd dTofal RQ) Wid! 3101 g1 STS[a (0TSl aRAT SIS LM) faa’ia
HRL. AT THR WA STl UdTad arol axed] STl UgdIUe SR 3. Figure
4.2 U GRIGTIHION W] dTo[@l dec (3D TUTarge) °g d19] (Tight Side) B
SQA Sl dR a1 dIef@l dee (HHI qUITAes) Wi A1ss (Slack Side) BUH
3Is@dl ST,

Drritar L

Figure 4.2 &huqéwgls%

2. IS deT $I%®: (Crossed Belt Drive) Figure 4.3 7Y cRifacamuHm kg fhar @E
Sec SIgagdl JTUR YMUCTAT JHIAR T {4 [E=IH O SEaMT dhefl STl T YhRUMd,
SAER Ud] dI (WU RQ) See el 30T go=1 SIelal (\Gurs! LM) faaid o,
3R bR e RQ AT 07 L M U&T SRA 34dl. dec RQ (3MUH AUMYR) U &9
BUH @@ 1d, R dec LM (B! TUITETHe) Ridh Hes WUH His@dl oTdl, Figure

4.3 90 GRaacaTyHIul.

Fig. 4.3

IS faaR Fea § fagd dsd &t e <o f3aroft siiaisdl r fe@mf d teasiar

YTHATd 31701 SR Si1o 8Id. © CISUANITa!, YU ST SRd 20 b T 3{dRI6R daraTd,
SiY b 81 Ul St e IO ggTel Tl 15 m/s U ST STl
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3. mﬁaﬁ'@?—s’ ( Quarter Turn Belt Drive )Figure 4.4 (31) A E{-‘ZﬁFCITCITIT@f B
o dee SRRl BIEDHHNT e IBE 3! Bed o, § AT HIeh T HiSae
30T Tt A3 A= fhRd SrIdMT aroRd Sid. decdl Yot SieUaTIRA JRGUgrTa!,
QeiteaT Jg=arell $d1 1.4 b U4 SR fdhdl T 3T, 9 b 81 decd! $at e

N
LR
2 Z,

(@ Quarter trrm belt drive. {5) Qruarter turn belt drive with guids pulley.
|
HICR T I SRR
Fig 4.4

Figure 4.4 (37) ¥ GRITITYHTY Jeitdl AT Bl Id 9 fdhar Ide Hal
JUGTSINT Tt 3f5d 39U, Figure 4.4 (b) A GRIAATIHO AFeRi® Jeie Uh
TG T Sec SIS AR Jgdl.

4. TSR YeNHg deT GI3w®:Fig.4.5(a) T SRITAIHETT, JSSR Jaig dee gieagdl
AR TG THIARYU! &l STl 30T SiegT A8 geitaridl YU el ag PIHHes 3
Sec ST3ee ATIRdT I ATa! 30T ST SHTaad See qUlTd 3R AT fies 2red ATel, dagl
I YhRAT I8 Iod AT RN YTt BHRUGRITST UG dhell Sl Sieg] Ul MFSHYA 3fdh
MIEHE Tl THIRT SR 3581 3¥Id, degT 99 GHIdRIU! Aigad SdTd, Figure 4.5
(b) T TRIAITIHTY, 3Fd 3SR YaNIE ST S13ee aTIRdl ST, b,

Idler pulley

(a) U 3MSSR YaIE Sec SEE (b)3 3MESTR JolE e SBw
Figure 4.5: TSR Jaie ST S3E
5. HUTHS de¢ SI5a: Figure 4.6 T GRIATIHTY HUTSS deT SI3cgdl dliR ohdl STl
ST UTaR UehT JTUCHYH 3 (more than two pulleys) GeilgR dTg Aell Old .
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Figure 4.6
PUTS S I TR
6. WS fHar B Yelt TIFE: Figure 4.7 A TRIATIA X E fhal B Galt Sr3agdl
dI0R TTcfdeied] MUl 37 SEudII3T dal Siid! SiegT YA fdhal grfe I fRR
T ATeld. TR (TS YeltedT) Tehl HRTURE ga-a1 YR sec gad & A1ed dbal
EIGH

Main or
driving shaft

Driven
shaft

Figure 4.7

RS fhar 19 el 5%
7. A (Fast) 3TOT A (Loose) Tal STEE: Figure 4.8 A FRATTIHIO SIcG HATIOT

I el Slscgal aTIR PHell S, SiegT SRt WMUeHED gX8T F Sl aradadn fdhar
RiF T = fdvar YidarEn sradl. TR el 91l dadedn el BRe Yol
TRUTATd 31O AR QMte=at 3T TTerd. U Id gt ARfi+=a1 Atear Jaauo! arad 3nfor
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PIUCel ol TN HR0A e 3d. SigT raideied] AMTedl Yigau Aavgd

3, TET See PIC AT WS [ST IRGR dec Jd YAl Gahard Sl

Driving pulley
—
E Line
B shaft
Loose Fast
pulley pulley
\
1 o
AT
- — Machinge

— shaft

Figure 4.8

SIdrg ST A Yell 18,
F) @ATI! UNRIR THIOT (Velocity Ratio)
B SR 3T BialsR fdhar araacial av aiardid TUIR 38,

RAAIET TUIRIR THTUT (Velocity Ratio)

N, _d
N d,

SicgT Ul SIS} (t) A STd, dag] daItet XISl
N2 dl+t

N1 d2+t

S, dy = SERA M,

dz = SFIATITEl A,

N1 = SO gdral a7, rpm A& 30T

N2 =q°—\l%‘ﬁ3ﬂ?€ﬂg?ﬂ?ﬂa'ﬂ, rpm T,

HASS e SRGHTAT (QATHIET) TUNTR FHTUT

HIe1dT Figure (3) HE TRATTIHTY 3 JallgR ekt Uehl AMUFCHYA AT MUCHE (dd
QAMGIRId) TR delt oird. geit 1 fhaen S gat 2 =1 Aifedm. geit 2 311 3 T
QMU Sgeie 3™, Yeil 1 ¢8ie el 3 dreidd Sit arHed, Geil 4 dreidd.

dq = QAT R, Ny = JeitdT 1 91 o SRUTH 7,

da, ds3, da, N2, N3, Ny = Gt 2, 3 3107 4 11 Heifdrd geftan sur diex 9e, 31for Safdd geitan
7 JRYTTH g4,

1 3107 2, H_?ﬁ%[ aT (%Flﬁ'cp[) ‘IUﬂT'REITITUT (Velocity Ratio)
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AU AR 3.
(1)

NEN

N,
NI 2

TGO, Geft 3 31707 4, I T (@@lNiieT) JUNTIR WHTOT (Velocity Ratio)

4_d3
TUTBR FEISRT (1) 37T (2), N, d,
N, N d d
It T = %
N] N'§ d'l d4
N, d d
= 2
N, d. d,
(+ N2 = N3, THTd MU TR ATTHD)

i decdl f&au:

g 3107 MMUT AFATd Ig Uyl TS 3MTe 31 Jaid U Ug 30T U1 grararaiial
AR &l SiTdl. TR Hefd e, guo Ths YRt gid. I a1 JaiaR sec 1 Igdl (394N I
Dol AT 813 Yehd. TS U drdacial ol diad 9 ddl Je el giadd 83 Kb
i {19 3% dee Wurdard ST IHga:  [RI9 cdopd Rt A ad dhdl Sfld. dec RAd ol
giRuMe wurs! Req=1 a7 (@dr1eT) TUNRIR THT0T HHT HRU1. e U (S¥R0) g Th 9
g1 31Tg, ATHes oY a7 (@ardidl) uNR JHI0T Figd 30 Agw@d ${d d¥ seedl aiR
Fefiet = T4 (G0 vsaTesTdid a9, fifae onfor Aehe Srearar aiedid).

Ny i) s
N, d, 100

SN, = g g A
N, = TTafdciedT (Driven) QFﬂ?lTaT[
d, = ITAIAST (Driven) Elfﬂ?ﬂa?ﬂﬂ

S= dce AU cadhaRl,
deed! Srel (t) f[aeRTd Jaeam,

N, d+t 5
N, dy+i 100

oY t = el WSl
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H) deedl fohd ST dee ®id STojdhgA Ug SIods o], degT secal Udh a1y YT arad! ST
SigT deC Ug Sl e ug dlo[ds Sidl degl al Grel 3HTdd- Uraal. didi=dl a1 dgaige, dec
30T Yeitea YR URTTHED QTUg et . I1 QIug Tt deed! fobd 3 BUrdrd.

deee fobu g, a1 (@aieiel) Ui THI0T WTdid FHT0 fod S

N, d, E+.,o0,

N, d, * E + \/‘5—1

@rz), Nq = EN%‘TW@T (rpm).
N = 9Tfeld (Driven) GeiTaT 4T (RPM).

E= T Young's Modulus in N/mm?2 38

0+ 30T 0= 3IhH S Ug SIS (Tight Side Stress) 30T Y TSI AU (Slack Side Stress)
N/mm2 o

) dcC SISl §aX ed:-

a4 YUP P (Angle of Lap) S¢€ HUD HIF (@0l HIH) airedT, Jeit JEHITAT JuHhia
AT TSATAT URTIGR SISAd i+ T GRUTT el S,

g)aﬁiﬁﬁﬁ’f:

(i) 3MUA deT SIS deed! @il

Fig.No. 4.1.1

30 dee g3l disl!
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2
L=m(0i+n)+2x+ (11— 1) ...(In terms of pulley radii)
) X
I = E(d +d))+ 2x + (dy—dy) ...(In terms of pulley diameters)
22 4x
ER)
L= decd] THUT il

1 SMTOT I, = T 10T 8T Gl AT, x = G Gelledn srg A $iar (Ul 01 02), i1
d+ SO d, = FieaT 30T a8  gend! e,

1. I 9 grgEl decdl didl:

L— ‘rz
r,— X

Fig.N0 4.1.2
I dec gyl didt

(p+ 1)
X

L =n(+rn)+2x+ —..(In terms of pulley radii)

L = %(dl +d,) +2x + W;}A ..(In terms of pulley diameters)
2 X
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S, rq 30T 1o = AT 310 8T Yaitdt BT, X = GF Yellear dhgiaeid $iar (Ut 01 02,
30T L = Secdl UHUT il

d1 3ffor d, = AeaT 311 A8 Yeiid =,

J) duste SR Ay
ST ATTATecH] AT I Jait Gedl USA (Open Belt ) SISl SATd, degl A8

JaeRid YU S fdhal U (c) [aaRTd 9ot 31a=ae® 31T,
ri—r2

X

Sing=
S, IFq = diear gadt B,

I'2 = o8 Yol BT, aifor
X

& geffean daimdid $faR

e fdhaT ol &1, =0=(180-2a) RMH.
ST faaR Her 3 A A5 B Slegl & Jail hid dboied] USAT Siis el SITdld degl
WWMWWW@)WG@. Figure d¥=-,

ri+r2

Sina=T

Tuds fohar U= ®H, =0=(180+2a) fSI =M.
o) S SIS 30T et STsf=an qumaTd a1 TuiR FHigd &,

Figure No. 4.1.3
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°E qT9] 3ATIOT Wi ST dUIaTd v Ui
T]: .0
I,
or
1 1
—=log, | — |=u.0
T
or 23log| L |=u.6
grzi ;

oY,

T1 =Yg dIo[dT dIUL.(Tight Side Tension)
T2 = {¥d dls[dx dIUl.(Slack Side Tension)
BRI UEIIED

0 = Tud fdhar o= S

SHETTHRS ATl (Centrifugal Tension/A¢THIITe C-IRI)

_ 2
Tc m.v

$3; Tc = HAIUURS IV (Centrifugal Tension/IRIITd <HRI)

V = deedl al.

decgR THIRG TR, (deegi UlaR gRAriRAaR SSIes)

Figure 4.1 (b) (1) SRfET Yol (a1 SraeeR) A 311 reidaal Yeit (dbar
TR B GRIfAd. Mt anela dai dHall 38 B At Gait Ul So dee
QA SHTIOT =T STS[QT o ARl B, SRMUBR & Y 3HTg P AT Sroar
(UTS g STS[E) TT0T ke STSUal (WIS Wihdss) Figured.1 (b) (1) B
SRAATYHT S 3.

T1 3101 T2 = Ueyr=ar g S0 RS J1ed S ehH qTu <geaqed.

r1 3101 r2 = 3Ih A SR 30T BIcl 3R B, Sfor

vV = tl'g‘il'ﬁlTa‘T m/s e,

Slack side

: Driven
Tight side pulley

|
I
i
i
!

........ 1____ P—
I
I
i
i
I

Driving pulley  £0re No..1.4

ERIAE RIS N NIRIES]E
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S{TaTgTeaT UREraR YHTE! a0l (aT8H) ekl 0TS G quaiHeld Hhid (Fgursl
T1-T2).
Ufd Yohg dbad B = (T1 - T2)v N-mm/sec 0T
OfaR 98 (TRa), P = (T1- T2)vdeH ... (+1 Nm/s = 1 3)
ST IR Hear SRfeT YellaR eTdhaldl ele 3R fogd agd
T1-T2) .
TEIVHTO, ATadcied] JolTaR el Cla urSl hIaleR
(T1-T2) r.

a4 SISHEN ST SR TR ST-ATHRAHTAT 31

HETIIR® ATV, HHTA dT0T m I T 3R (T1 + Tc) SO fears STo] 3 (T2 + Tc)

Tmax = N A8 decHed SR SR URATTA1+ ofTor 21,

T1=N T Yg SIeEl dIul

T2=N H& Wi STS[all arul

Tc=N T HEUHRS A0l

V= tIE'ilTEITa‘T m/sec e,

SR TR ekt feft S,

P=(T1-T2)V.....(1)

T2

1=

T2=eTTla ...... (2)

T 1

P=<T1—W)V=T1(1_W)V

=T1CV .......... (3)

S C=(1-2)

UHUT HHIA UE STS[Ql U]
Tmax =T1+Tc, S Tc = mV2

T1 =(Tmax -TC) ......... (4)

P=(T max -mV?2 )VC

P=(Tmax V-mV3)C...... (5)

IR STl et TATRG HRUGRISY, V 2T HEHid THI®HRT (5) AT BT SO T
HHIHIUT D],

dP)/(dV)= (Tmax V-mV3)C=0d/dV
=Tmax -3mV2 =0
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Tmax -3 Tc = 0 Tmax = 3 Tc

Tc=....

3
JRMUBR SeTAT AT SRl S Rkl YATRT delt Sid! 3= YHR HEUHRS Tl
(TR ¢-I=IH) BT USdTdel T aTurT=aT Udh Jaiaisl S,
WTHD IGIGRUT:
1.Two pulleys, one 450 mm diameter and the other 200 mm diameter are on parallel shafts 1.95
m apart and are connected by a crossed belt. Find the length of the belt required and the angle of
contact between the belt and each pulley.Estimate power can be transmitted by the belt when the
larger pulley rotates at 200 rev/min, if the maximum permissible tension in the belt is 1 kN, and
the coefficient of friction between the belt and pulley is 0.25 ?

Solution
fade - d1 = 450 mm = 045 m fdhaTr1 = 0.225 m :

d2 = 200 FHY = 0.2 i fdsar
r2 =0.1 ﬁf;x =195 Iﬁ;

N1 =200 rpm;
T1=1kN =1000 N; y =04
g 97 {TYeTel HIfd 3Tg,
Ttd1. N1 7T * 0.45 * 200
V= 0~ 0 =4.714m/s
deedt aidl

TS Ugardl diel SMuedTel ATfed 31T,

(r1+r2)?
L=n(rl+7r2)+2x +—

2
L =m(0.225 +0.1) + 2 » 1.95 + L2220

1.95
= 49754
Ut HiFacC S TS Joll e
T 6= dec AT YD gail greardid Sudbidm HiF.
ST AR 3HTe B His dec SISRyal,
UMa=a=9.60- =12 = &225*0D _ ( 1667 or
’ x 1.95 ’
U fhar Fu=m ®IF, =0=(1800+20) = 1800+2*9.6=199.20
T
=199.2 180 = 3.477 rad
T gETRd
g T2 = USATeAT eIt STe[el T,
o S{TTel ATEId 38
=RATM( = B = 04 x BB = 0-L&IIT)
=TT (=22) 22°% = 0.3780
T2 2.3
12 =209 _ 488N
2388
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S{TRGTA HTfgd 31T &1 Rkl TR Bl
DF=(T1- T2)v=(1000-419)4.714=2740W=2.74kW,
2. USITAT G SIS dTor 3k H 1000 30T 800 = 3HTed. UgdTal a 75 Hier ufd
Tdha 3T, decgR UITNG SIUMRT QT e,
feeiat: T SIS[@T aToT (T1) = 1000 N;
Wi rgeqdid dur (12) = 800
N S{TTOT =l o (v) = oy Hi/d
TSGR TR SIOTRY ekt SATIeaTar Hifgd 3me
P =(T1-T2) v = (1000 — 800) x 75 = 15 000 Nm/s
= 15000 W = 15 KW
3. 30 Hiex/Adhg AT 120 S UHIRA HIAMI, dee I3 G droHeid T gefid
quITaTdel STa=s eh T fgarelt: gl ulaR (p) = 120 W 3101 UgT=i! et
(v) =30 m/s
QT (T1 - T2) = GSATeA G STl qudided Savdd B,
3Tl HIfRd 3118 Bl UgUTgR UHIRT BIUMRT 2rekit (P)
_(T1-T2)V _ (T1-T2)*30

4N 30

120
(T1—-T2) =— = 4N

30
¥.3° BTS: I 10T WiTdved YD,
A) I Tffeur
AR, el aTURTAT TYRTAR, Weid o Teids aifigpd dbedl 3gd:
1. YR 3107 3@ or (fdoaT o) =,
2. Uigraqul fosar (fdhar SiTartian) ARgea], ST
3. OIR gr=atafd (fdhar Srafeg) =
1.Hoisting 3for Hauling o
T YRIo] BSHIaul TOT SNETATHTST ITUR T SITATd. 8Is e T 31107 gifeRT o= Wrelid g1F

TR ATed:

120

=30(T1 —T2)

A 3qTfor sprockets
Figure SFHI® 4.2.A.1

Hoisting 3for Hauling L]
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&i:ﬂﬁ gmm's' RGBT UHRAT A gd Figure(3l) T GRAGITIHIO!
315|c1>c|| BRI 3Med. TP A HiYT dese e, AT YR IRISITST aroRed]
SOMAT Wil cqHae gd U HRUArTe! RATHE SRIATd. 3= YebRedT Yrged @l aluR
$HAcs HU I GBI oY DI ARIB! gIge T 30T R SIS SHHaed.

LD

Figure ¥.4.2.A.1.a

3HSTPdl gHINIE ATGD!
b.FIHI-T gHTHE ARIS].IT UHRAT WRAD D gd Figure (F) T GRIGeATIH0 IRY
THRI HTed. 3R YHRAT IRIAT hoists, cranes, dredges A qIRedl STdTd. Il
UhRA Ao El Idle] W9 3igd e ced] JRaSIUET HHl 3T, IR a1
() ()

| :@I IEI |

- J

Figure 9.4.2.A.1.b
IRY gAE YR

2 DR o
7 Yrge 1 aTaR T Idd 39 HRUGI3]T 0T TieIduaRiTa! oodl Siidl. H-gdx o
TTed &b UBR=T 3Ted:
i, O HRUGMNY fhdl §% Ugad UhRd! ARae!, FigureHed GRIAITHHTTL. (31),
3qfoT
i, d¢ Ygad YHRH! WG], FigureHed SRITAATIHTL. (b).

a) ATt HRUAANY fdval g WY UHRa! YA, (H)de Hgad UhRd! Jracd!.
Figure SPHI® 4.2.A.2

HoeR YR HEG: el HRe dlgral ddedl 3¥drd. a1 YRaedqe gRodld
TATATIT T[0T AT, Preed fobal o= AR 3 o 12 fodlt/ary a1 de T 4radra.

3.UTaR er=afifeT 9+
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S AMeAT bodid iR HH 3d degl a1 ARgedidl dTaR G
TRIRUTTS! el ST, I YRIeA el HRIEH He-Td! dRdg 38, UlaR afe
o ETdld diH THRAT 3Ted.

a. AP ARSI

Figure Tt SRIfAcOTyH! i RG], g 99 BUH <Wld 3@l S, UraR

STATRMAL fahrTT Yardied caTd a1 YhRd! QrRaed] aroRe e,

=z

Figure 9.4.2.A.3.a
EYUEZRIREC N

QI 311 g UM edTes Hidbe GId Sde I fdhal FredrT SfTarsl 0T g,
3T YHRAT RIdT AR Hlg! FHIUNT A8 AT HredR - TUH el S,
b.§RT AR TGB!, FigureHed TRIAITIHETY §RT AeR IHL I Wicy fdhar U s
STo e A=A fevsiHed GRIGT Sreiedl FguTd Ueh U Tl Aerd gurar vy
Hihas 3MTed o Bidhe ®Id GIard UIRIRG gI0ATIRIT TRE0T FHRTd.
R TR ARIesT 3 ASTae ST SiersrTd WUt 3. § R afkfRudta aivett Tar <.
T rRES T UTSTHT TATST 38 Sl Hidhe Gid aIdiaR VA<l YU §idl. 51 Arge!
1Y IS We ofd fdY aTRet SIS . SiegT AU Th ARG YT SiteT SATfor
OO UTSIRN died, dogl faRaTRg Arae! Biiahe wid aldieal [Uaua Hidt 3.

Quter plate
(Pin link plate)

OIOBOOBROINO)

4| Bush \ Pin

Figure ©.4.2.3.b
R TR TG !,

R AR ATH T Ui e AL SAHTTYU! ST, Il GRUMH ST 8ldl &1 THUT HR U1
aTdTaR fdhdl Tel ardioR TSl U Wi e 1101 Wifche sid aTdied 8T
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UG aredl.

c. frr s =%
a) fira Tt
@it I3t Beargam iRl & yeRmS Trffezor Ha o hd:
1. YMUEAT iU RUTHIR: 91 AMHCHL Tl 34d ot §& UIadd Sl Xehd
1. JHIR
2. BGUIR
3. A-gexfaeT 3for F1-FHR
2. gREY IR Sfaciq
a) STegT THSRAT 97T 3m/s el HHT 3!, degT TSrar wHt of e 3 =urdTd
b) STegT TSR AT 3m/s T 15 m/s TR Sl degl M 3 TordTd
eIy I TS,
¢) SIagT TSR AT 15m/s UelT SR 3l degl il 3 o T3rf3ry Weed S
3. Gearsﬂmz
FU iiepd el SIS Wehdl
i) ol T
ii) 3fciia i
a1 Mefmaed 1fierf sree ard aradid o= Mer siaeia eifamed
THHGIR Sfaid grd 3.
A. JHIdR TMYC (Parallel Shaft)
TR [Tl ST UM TR T8 TR Wyl Sigd.
1. ¥R R

Figure $.4.3.1

R iR
R IR g/d W S dId ST M SH&Tell FHIR dTadid. AST3cHl
THRITIR TR 3R a7l fhar siaiia Aueh g Adhdl. d aid 9T UdhRd TR
TR AT o TR HRUI SIS WY TR, TR TNRIAT IR TR caex SRR,
xie}, HUs SRR 0T s fiRugige e S,

2. %ﬁlﬁ = (Helical Gear)
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Figure ¢0.4.3.2

gicipd AR
TR TeriyoE, gfawmd frert TEia tiaR TRIRG HRUTMTST THIMR T Siedld.
aicrnd TSRAL GId Tl BT BT STTald SaTdes GId Jquara de! 3w AU
&7 UeH He Tid 30T JRed1d ATera,
Bt Merf UfRies sifcmiasd erafieM, A= oo ST SRS 3.
3. gftwra hert:

Figure 0.4.3.3

RTEE iR
SRa Tfterf § oM efrea herf v Sewn Aaen fewam, @me @i "sad
gfcrrd R 3 Iaied SIS, Xhd. BRI e ATHRd: gat edc! arg-He
dryrdld.
4. 3 3nfor fafea=

Figure 9.4.3.4
I 3for fafea=
3% BT IR T3R 3T Sil e UraR AT AT Y™ giaaTard SUidnd BrRugMTa!
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e R (Ufa) T8 A2 ! fobar Saie.

B. AT WMo

DU M A SASUIR [ T8 YR W ayHT0l e d.
1. 9% iR

Figure 9.4.3.1
dgd R
dEd M Y URIhI— Medd ST IHRd: ISl HIFId GiaR. IR
TAH 3. R MR ad W, A fdhal TRURS 3R Hdd. s&d
3M7ed.
C. AT-SexAfaET T AT-THIaR (¥R ATI)

1. g 3T g R
Figure 9.4.3.1
ard afor i fraw

¥ TR U T T UTSl 971 HHT HRUL. IH TSR A 300:1 U&T STRA avT HHI

Bl Al M YSR=AT MR IR IH=Id: Sficasd LT daome dar

STl
b. frafrar sraer
3 AT B "Srdi SIS =T YU {3l I I 30t 3TaRded 3Tg AgH!
Gaaug T foigred ofl."

C. DIoTd WHIgad! GH e (hae Aayd) TR R regraet.

1. fUra 9de: ? T Fea® aqe ofe o Y AT ohdgR ardfdd IR JHToE et
gl

2. fora afes oIy § Wesugan ader SR ofR. § P e axifad o

3. g uige: 81 < U adesmdia Jusmtar e M foig oie.
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4. TSSH: ¢ U9 aqauNg grared aRuddd grdrd Jead 3R 378,

5. fSeH: ® U9 aqaRE e deriad g Jead 3 3%,

6. IYBTPR T : T MUaa e gRETR THT arara [AgURE Ya=ar aIarasid et
foigquela HisTel SITUR iR 3fTe. o P gR axifad Sird.

7. Aisya: 3 e ades o siftn gratear S firedt Hedl TuieR 3R, d m 3 gxifad S

Addendum
Dedendum

'6\“
\
6‘8

Addendum circle
Top Jand

Pitch surlace element

B 2 Workina depth
- i -
> Pitch circlo
e \
”
-
: Wk .
Cirgular pitch Toolh thickness
Tolal depth B

\- Toolh space _—/l\
Clearance Rool or dedendum circle

Clearance or
working depth circle

Figure SHHID 4.4
TR IR Trsgradh

b) R ¢4 ToR
AT ATRIR ddied, IR ¢ fafdy THR WieliavdTor 3rgd:
1. 91 frR 3

~Figured GRIGTHHTY ddh JMUCaR Tehd TSR 31l dagl, <t areft R ¢ wguH
@ S,

i Driven or
Driver

Driver | folower 1 Driven

(D@ (Do)
| | | o

ﬂﬂﬂlﬂﬂ@unm ||II@]]]]]]][@[|]]]]]]]]] h

N

(@) ' o
Figure ShHI®b 4.b
et R A
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Merf e Yo ug i adeigR axifad srard

~OIRT GF YMUeAdd R HH 3RId, dT feRHe SRIGTIHIO, TdHhT MICHET
U1 AMRHL Tl JHIRG RIS a9 e 1 it 2 THABIRN FAST Faa
EIGIGH

-frR 1 R 2 grafad, "uE R 1 a1 SeeR Sfor MeR 2 o Ardaadn fdbdl
AT TUIAT. § &I ddd O3 Xhd Bt Arafdaredn MR Tdt grafe o=
edte favg oM

N1 =STIeeR rpm 1 AT

N2 =3cTHITSUC Eid SRUTTHHT 47

N3=ThIclI3R SRUTTHAT T

T1=gegRa]id Gldidl G|

T2=3cXHIFSTE aadidl qrdia I

T3=ThIcI3RER Gl G

ST IR 1 § SexHifSte R 2 =1 I3 ed 3R, a1 g TMeRiTd! aaiiet

han

N1 T2

N2 T1
IRYATD, gexHifeue iR 2 § Ifdaen MeR 3 =1 WM 3™, a1 aF
Rt Teft iR

N2 T3

N3 T2

N2=T3x N3x T2
Figure TeX GRITAeATYHTO! TR ST AT TUNTR (a) THIGRUI (1) SMIOT (2) TOMHR S

UTCT el STl

N1 N2 T2 T3

N2 N3TT1 T2
FHefiwd, gF feriAdia iR Al 3.

3 R, Tt iR ga=a TeRaR 7Tt Wieid g UG ThIgIR T=mRd
&l SIS, X

1. HiddT ATHRI TR UM &, fhar- dier foaR deae &g 35d &1 81 usd
(BUTS HIT 3R M3 UaM HR0)) sifawry IRarfi=h sfor fewradeik ugd 3.
2. U fhar 31w exHifSue Merd ueH FA.81 Ugd U U fhar siftie
nmﬁﬁuvmmﬁ)wmwmwm.

8 T Udd 9% Ybd Pl Sl SexHifsUe MRl IwB favy 3fq, a@ﬁ%’f
aRfh Tt (Ut SR Sl araddd fdhdT AR RiETd TRaaea Ty 3R,
gexHifeue Tfierft Tem THaH 3Rid, TR Figure(b) Hed gRifIeuTyHD Arafdeied
fohar srqamdih Tt ST favg fAZH sria.

MR a1 AT TUIR (fdbdT a7 TUIRR) WU SR-IGRAT Tl S0 Araqun=t fobar
SIA™ET A TOIR S10T SISl Piurdre! Merfen 3 iR § Jie
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-;n:n-UT T2
]ﬁ _E H Y A\ NN
MR ¢ ¢ Fog WU dradaied] fdhar widier=ar AT il SRRl di
N2 T1
o o aq@:m B E
2. HUNGHS AR ¢
Driver Compound

gears

riven

IHIIIHHHFI?IIﬁI :
I

» I T I

* [T,

< I f
Figure ShHI® 4.2

Il

Figure A&l GRIGEITIHTU SlogT RMIC AR UHTUST SR TR 3RIdTd, degl ATell Hhurd s
¢ 3ifh TR weurara. - FAfery e, Tfiari=ar arear cHe gurmeti=an Tt ToiaRTa]
UiRuMH gid 16l Ul § e SR SNl S SN Siaisuae! Sugad
317Rd.

IR SiegT SicgT SRR 31Ul Aradald fdar srgardt gieardia 3fdR Heaad! e
Y BTG AT SHTIOT ATe dedt Hid (fohdT avd ) desliict XRM3T TaRadh 3R,
dgT SUITSTe MR BrEl HUdh S M ¢ 3 did e STdl. exulfsue
QMHC.

T JUMd, TAD ScxHITSUC IMICHE G T3 HARUU HiEd dvel STaTd S
T o GHH Q. 1 & erite! T Sraxdl A%l dxdl T gIRT See fdhdl
(ISRl YaId JMUedl Sited!, S FigureT sl gRId 3Tg.

e $UrSe ¢, FigureAs GRIGATYHTD, TR 1 81 U0 A TR SHaad
ST R 3ffg; e 2 31 3 § Hurde MY 3fgd of A B IR ASE dhal
ST, e 4 3101 5 § HUNGS e SuTd 3fgd of UMUE C R ATSE Pl Sdrd
30T 713R 6 B QM BT &R S¥fdcie draiaidl IR 3Tg.

N1 = SrIfegT R 1 91 a7,

T1 = SrfegT FRRER qrdidt ¥ 1,

N2 ,N3 .., N6 = rpm H&l Taferd 1ftarfan o,

IO T2 ,73..., T6 = Wl Merdadid grardt e,

R 1 R 2 98 SIS $red™, T Tt UHT0T 318
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N1 T2

N2 T1
ITITATOr, TR 3 3n1fr 4 Tt deB i) Y=ftsht 3me
N3 T4
N4 T3
for 1fisrd 5 3T 6 TTST, desidt JRften 3ime
N5 T6

N6 TS
SIS AR ¢ AT IUIRR (1), (2) ST (3) TT FHBRUTET UMDHR B Hsael
ST,

N1 N3 N5 T2 T4 Té6

N2 N4 Ne T1 T3 TS
1T MR UGN HURSS ¢l WIAal 31 318 ! Ulgedl MU el
MFETIA T HH! HO A MR fesadr Id.—SR Jqredr MR S aToR |l AT
HH HROGRATS] bl 3R R dedl MR JU AST SHATAL-FYROMUl 7 d 1 Y&l
SR oFT HHT BHRUGTTS!, TTeft ¢ aTORe ST 16} IO HUrS S o fdhar ad i
IR el S,

3. Javcs MR .

SiegT UYH R (WIS 9ud SRiee) HTf0T Raedl RIaR (:gursl [ided ATafquiRT fdbar
ST =T 3Her TE-3HefT SrdTd, degT R e Regds iR o9 U shewd
EIGH
iR 1 @0 gyA SeR) iR 2 (@@t Uy araaad faar oA faes favm
rataar. M3 2 30T 3 THTa AR THad SRS d Th HUNSS MR §1ddTd
3nforTfier 3 firaR 2 =ar oM fobet. fieR 3 (7 31T SRy STueeR 31MR) IR 4 Aretad).
(RUTS Riged Aradad fobar Srardh) Mer 1 =1 fiA & fa=H. 3= g S
qTed! @1 Rgcs MR ¢ae, ufgean R ofiftT Rigea AR TTdt R S,
Bl
T1=r1=N1=R 1 TR rdi= T,
g ades fAear iR 1,
rpm 7 R 1 31T
YT, T2, T3, T4=Usfd Merfadia grardt I,
r2, r3, r4=ﬁafﬂﬁrﬁ&réﬂ1ﬁaadaﬁw,
N2, N3, N4=rpm A&l Tafird iarfar o
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Compound
gear

ﬁ
S
|
Co-axial i
Sho;?l;a |'ﬂi T
(Il | 3
| 1
M
Figure ShHI® 4.c.3

JAaves MR e..
frord 1 3nfor 2 =1 Y= doimehd SR a9d 3 3for 4 MerfAda iR gaH
™
R?+R R=R3+R¥
T, 94 TR aiaHR Weug! fdhdl Hiegd T SR TRId 6Rd Siid; U
TS RIRaRId qrdie Sedm A uivg fdhar Beamit 3¢ gamoma eRyd.
T1+T2=T3+T4

TR_ﬂ. __Product of number of teeth on drivens
" Product of number of teeth on drivers
N1 T2xT4
N4 T1xT3
4. TUaTgfaa® R <.
Arm C
| B
A 7
(oo
RV
. _)_ e
| i | -
#

Epicyclic gear train.
Figure SPHI® 4.4
qRtaTs e frer ¢
uiEfda® MeR <AL, WU 31&f, TR MY sadad $drd, o Mg srem
e B UehdId. U T1eft uftmsfades fieR 2 Figure el Rifach Mg, 91 TR A
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30T BT C I O1 IR Ueh YHM & 3Te SATHIa d fthes Trahdrd. MeR B R A T8 AW

Sl SO AT & 02 TR BIATER 3], SATHIg IR B fthes Rrapdl.

~SR g1d FAiga der s/, @R MeR ¢ Adt 3ra 3for R A eR B fdhar Trdee

ITAq Yehdl, TR SR TSR A FAfYd e sra sH1for g1d iR A (@8t 01) =1 Sfemiadl
fOhaaT e, aR fTRIR B 3118 FIoR A aR 3101 AT SiTSaTSLa fhariar YT Ured Srd.
3T Tl it foes wurard Sfor SR ST Si=1 UhR Hised SIdrd &1 did T
fohar 3ifeier T GO YGWTaR SHTIOT ArATHIg fOhard aren TS iaes MR ¢

(ST, TS aR HTIOT <Ieh 1) TUTdTd TgUrel STolaTspan). Yfuamsiads MeRr ¢ qrea

fhdl UGS 3 Jhdld.
dcT IIBE, I SIS 3T R gT5& giwardta ga-n

Parameters ERACIELY o S5 R 3EE

T Ich qeft, 9 Ty, ARae! Merd

f&g onftr | U B Idha q1-f&Tyg q1-f&Ty

Raicay

CEIRIG - TUIRITS! | H0H RIS aloRd offd. | 3= TRl aroRel

I IR ST ST

AMendid | Hica et Iugdddl | e HENTet Sugaddl | Jiean EHEIG]

YN 3R S

3R

R 3T -TTet HTITD Ny 3T 3T

ST ASTT SR TaRgdhdl | HEIH OIRT AR 38 | HHI SN 3(dRI®

TaTH 3T 3R

T Tard 9idt A1, IATEH, | gaid 9idY =, IdeH, | gald 9t =

Life CIEIR) qH Sita- 363 Mg

failure dec Al [qUTSTe AR | 4Tal SYRRAl Ao | TSR SRRUS]
UG I gid Alel | ARMAD TR 69 813 | ey JRiAae

T, TR fEoe 3%
e,
RITGT @ HH TG T T RO T 3P RITTT T
Exercise:

TLO 4.1: Identify the different drives for power transmission.

1. Identity the types of Belt and Its Sketch.(R)

2. List four application of different types of Belt(A)
3. Selection of Belt Drive(A)
TLOA4.2 :Select suitable drive for a particular application.
1. Identify the belt for Light Work with its Material (R)
2. ldentify the belt for Medium Work and Heavy work and material use for it.(A)
TLO 4.3 :Calculate various quantities like velocity ratio, belt tensions, angle of contact, power
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transmitted in belt drives.

1. A flat belt drive is required to transmit 35 kW from a pulley of 1.5 m effective diameter
running at speed of 300 rpm. The angle of contact is spread over 11/24 of the circumference
co-efficient of fiction for the surface is 0.3.Determine the maximum tension in the belt.
(Answer_ T2 = 1082.3085N T1 = 2567.66N) (U)

2. A pulley rotating at 50 m/s transmits 40 kW. The safe pull in bell is 400 N/cm width of belt
and angle of lap is 170°. If coefficient of friction 0.24, find required width of belt.(Answer_b
= 254cm) (V)

TLOA4.4 :Enlist advantages and disadvantages of chain drive.
1. Write the Advantage of Chain Drive over Belt Drive(A)
2. Write the Disadvantage of Chain Drive(A)
TLO 4.5 :Identify the different types of gear trains.
1. Explain with Sketch working principle of Epicyclic Gear Train(R)
2. Draw a Sketch of Simple Gear Train(A)
3. Explain with Sketch working principle of Reverted Gear Train(R)
4. Explain Compound Gear Train with Simple Sketch(R)
TLO 4.6 :Compare belt drive, chain drive and gear drive for given parameters.
1. Compare belt drive, and gear drive(U)
2. Compare belt drive, gear drive over any four parameters (U)
3. Compare chain drive and gear drive for given parameters Slip & Creep,Velocity Ratio,
Life, Failure.(U)
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Unit5 aXgHT ATIOT U= Iid Tqer
Balancing of masses and Vibration
fawa faoht: fafay syt axqam Sfn U= Tigfod HRuarht Sefia I s Sized armT (Use
knowledge and skills related to balancing of masses and vibration for various
applications.)

gch forsus:
TLO 5.1: Yo Hoeq1 W &1 (Explain the concept of balancing.)
TLO 5.2: 9qqo™ a¥gqM 101 ®IH Idferd o1 (Find balancing mass and position of plane.)

TLO 5.3: ®RU 3101 IuRigg GeHd HU= Yume! W $1.(Explain the basic vibrating system with
causes and remedies.)

5.1 fﬁ»—mmaﬁqﬂﬁm'—r (Balancing of Rotating Masses):

5.1.1 WW (Concept):

UfgedT aRqUMT=AT YR ek YA UfddhR HRUARIST gk axgdH UaH
HROGTAT Uih T el aRgHH Ha RUrdTd.

5.1.2 HJa ATYUGTHT TR (Need):

1. 3= T Aot M fhar a=ii=aar arR sielifiies &ad Side axM 9 gore
JAT=AT HIGYT YAV SIS HISAT YHIUIGR el Sl 34T, IC 3o, ¥
caig, 719 TafsH, Awrge U, 0, sfisR 3.

2. JiTdhe U T84 e — AN HRUR IRER YT 3[drd. TUH, § 3Hd Ha=ad 3HTg
&1 9 fRUIR 3101 g — AT HRUTR URIOR U SIRciid ST e T Jamond guigoy
gfrd ST UTfgord.

3. SR 9T TaiTe A Aa Mg e ATgl, IR e 33 AT S driemaar faukid
gRomH grdl.

5.1.3 '\‘Tg'ﬁ"_ﬂam (Types):

1. UhTd W9 fhRum=T UebTd GRqHMIgR UhTd fthrdl a¥qdMTa TderH. (Balancing of a
single rotating mass by a single mass rotating in the same plane).

2. ATATTe] W fhRUM=T G a¥gHHIgR UdhTd fhRUM=T a¥gHH Sda (Balancing of
a single rotating mass by two masses rotating in different planes).

3. UhTd WAL fhRumm=aT avTavTeT aegHMid Ada (Balancing of different masses rotating in
the same plane).

4. dTATTeT WAL fhRUM=AT dTTdTTe] I¥qHMId Hda (Balancing of different masses

rotating in different planes).

5.1.4 A. THT Wae) fPUm=aT Toa aegaHTeR UHTd fpean aegamran Safed
ATYO:

Fig5.1 T SRAGCITIHTU, MUl Siedid mideddM & o rad/s 1 AT fhrd 3118 38
ICEINGAS
SENIR
m1 = MR SIgdd agaM (fbal Ted)
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no= m RGIAE! TRURT B (Gl [MUeaAT AT & AT myawgHH= AT
T YUITE e, I HUS $icR) (Hick 7el)

o=aLAFTET GBI AT (rad/s HE)

Fei= my SEgAETTER MR A baidd SR Ja(eiR) (vt diex Ted)

JTUITC HIfgd 3118 Pt my TRAMIGR UM AR hadd ASTRETA Fe(SIR),

Fci=ma1.r. o ...(1)

g AwgTa 90 o arevan feRH Rl dxd SiflT SR UHR 2MheaRr sfeT Jide Hafor
. A1 FATAT FHTATET TAHR HRUANISY, T Aford avgH (mp) § SRIgferd aegd
(my) TR WHEL 372 UhR S SIS, 2dhd Pl RIS TR IR ASTRET

I g THM 3T fawg 3/,
my Disturbing
N A /// mass
m
LEh]
b .
’_|'_'_'_‘_‘—;'3'Axis of rotation
| /
r !
I b .rrb
| / ,~Balancing mass
mh p——————— mb

Fig. 5.1
THT WA BT ThTa RgHTTER ThTd et aegaTTaT Hefferd ATt
o = Tferd a¥gH my o1 TR o1 (Wure! ez ST &l SO mya_gHH= =2
THAIHYUITE &g A7 AfS SR (Hiex 74)
Fc2=m, TRGHTMIER MR AR AT W TRATd da(SR) (Tl Hiex )

FCo=Mp.Tb. ®2 ...(11)
FHIHRI(j) SO FHBROT (i) SRR B,

M1. I1. ©°= M. I, ©>M1.

M1.r11= My. Ip

5.1.4.B TavTeT WA fleom=ar gi= firRum=aT SRgHTTR AqaH:
1. AR g W, G Agfrd aegaT-I= W<l T2 318,
2. ST aXGHTAT W, G T ferd axgHTI<a1 W1 ST fdhal ISTaT SISl 3117,
1. AR g W, G Agfrd aegaT-I= W<l T2 318,
Fig. 5.2 AL GRIGATIHTDY, SRifd a¥gHM (m)§ W A Aed fagmmang of L 3ot M g
RN WAL ST my 10T m, T &I bR agHigR Hferd gId. r,ry 3707 r2
& 3 A, L, M Afia gt fhom=ar fsar A,
l; = A STIOT L WHE 3R TSI,
I, = A 0T M WA 3R,
| = L 310 M wh-THeie 3ieR.
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[
! . 7
[— {1 —|e— 2 —r-l
Q_ __ | ____ P
I / T
I | !
| | @
' A
‘fm
Fig. 5.2

TeTeT W= fthUI=AT G SRATTER TebTel fOhRUTT=T SR Jder ST Srdferd
U W, I Iferd aequHI=A1 W= I 318

myrid=m.r. o
ma.ra.l=m.r. Iy

2. AT TEIHTAT W1, I Hford TEGHIAT WTeaT SToAT fhaT IoTaan arsfen

3Te.
— (f""'?f?a
1 7 4
— — "|-. - =
J."F |
Joon
@ -

Fig. 5.2
FaTTeT WA ARt SN IRGATTER T T U= aegurT e ST

myrid=m.r. I,
ma.r2l=m.r. Iy

5.2 T Td T fihRum=ar daTeHT axquIT JHJa-TRITS] f[ARAWUITEH® (Analytical)
STIOT (ST 1) ATfhh el UGl

5.2.1 3 .UHTd WA fFRum=ar 3Me qeuH=T Sqa-TRITe! faRavuedTs Ugd:

QMU SHETURY 11, 12, 13, 1o AT SARTAR TR fohcitg! aRAMIAT (3G, ¥) m1, my, Ms, ma
faeIRId &1, Fig. 4. ¥ (2) U GRITTIHTN 01, 02, 03,0, HTSHT IV OX I Il XA
DI SRL . T RGIEAT SfemHidcdt FHdeTe(through) O 0T HRTGTAT WA daad
(perpendicular) fRR T 1T ITNE o rad/s = 1.
el Iaf dearyHY Adford a¥gEETE URHI(magnitude)  3MOT R (position)
fazcivunats fohar UMb e Med SRS Wb
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d
T~ F
~._Fca
+Fez / \
Resultant | Fc d/ o
= NFc E2™ Pl
?3 \ < 4 /__)'"
B\
o e/ 4 Fco
r3\\\'\v/_\'f‘0:},'- "

AR *, Resultant

Q )

A FC\‘ ////
= \ / Fci
/}%ﬁma \V"f

"Fea a
(a) Space diagram. (b) Vector diagram.

Fig.5.4
TR T eIy Hferd avgHTHTe TRHEToT S1foT fa=T fa=avunasyu! fieg qrad:
3f) 99 7yH, Tl MR Td® aRgHMIGR AN dhaid AT §d (fdhar aegam Sfor
Al TORURY B gt Ui R) =T,
§) SSTHRITS Jard 1S 3101 Y FARTHROT 7 {07 it S-S /T, Wl YH ST v
YH = SSTRTe STl SISl gehid! Okl
> H=mjy. r1. cosO1 + ma. r2. cosO2+ma. r3. COSO3+Ma4. 4. COSO4
YV = TSRS Il ST Uil sk,

Y'V=my. r1. Sin01 + Ma. r2. SinB2+ma. r3. SinB3+ma. r4. SinB4

%) Fc = YSRGS S TR (resultant),

Fe=(/(TH)? + (TV)?
0b = ST SelTedT GRHATUM (resultant) STSoUT XSG Sdd oI

-4
tané)b—Z m

) 31T Aqfod aRgHMR TRHTOT 2MeT 5™ 6,
Fc=m.r (ﬁo_c'ﬁtﬂﬂﬂia)
S m=Aqfod axgaH (el g
r= Ggfed IRHMT fihumst Brean (Hiex g4

5.2.1 § TP WA fBIum=ar 3A® axgaHE=l JSqa-rard! Tfbed s
TS T4t HeaTyHTO! fod aRGATTdT GIRHATO 10T =1 fazowumasm Ul fieg 2red.
1. 9 WY, Fig. 5.4 (a) A GRATAATIHI 3 aXgAMT< RUTHE W Fig. PTal.
2. TOhRUMT MR YA aIHMM B0 S TRITS do(SlR) (fdvar axgar Sfor At

U} s T TuneR) 2.

3. 3{TAT 9Tt ASTRETS Ja(@IR) (fhdT axgd™ H1for f=ar fhom=ar fAsan gidn oieR) 98

d9eR Fig. HTaT, ST B1 "ab" 8 GXGHM my (fhal murr) §R ST oo USRI Sa(@IR)d
gfafAfea aegamre afdror efor fazn gin a Whe Ted (H1UTd) HRd. ATHTHHI0 Sa)
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ER@"HF[ M2, M3, M4 m Ma2.r2, Ms.I3 \3‘[@[ Ma.r4) %[ @@W aﬁ(\_yﬁT) Eﬁ%wm “be”,
“cd”, “de” Plal.

4. 3ATdT, TSTAT USNIA(EgYS) FOHFNIR, Fig 5.4 (b) T GATITVHT, "ae” T FBISHT
Wm(resultant) FO GIRHATOT 31for fezm a=fa.

5. Jdfod 96 IRUMH IeT= sRIsR U favs faz 3.

6. SATAT Aford aegHTe URHTU I fededn Asamed 2T 59 &,

Mb. To. 2= TS THLTC FalTd URHTOT (resultant),

Mp. rb= Resultant of m1.ri, ma.r, ms.r3 & ma.r4

5.2.2 QAT WA fBRUM=T i aRgHHIT Jge-NTel fazxevumes

J&d:

AT WA THRUMAT oI aRgHMIAT AUl Adfod I[UARIS], WO G 31!
qui el Ulfgold.

1. ¥ (reference) WANE T@ IJfGd ST TZTH TR, TS URUMTH §6 I 300
TGP 3T,

2. TaY (reference) W+ HiadIed HUG(couple) TG Ul HARTD 3MTg, FUTSId IRUMHT
HUSG(couple) 2 SHHU! IS TG

l,=8aY (reference) W L IR a¥gHM: (my) = Sia (Hiex TE)

L=y (reference) @ L ORI a¥gHT2(m2) o Bidt (#Hlex 7)

l=day (reference) W L U d¥HT3(m3) EIIEINGIE mﬁ)

= (reference) @ L ORI a¥gHT4(ma) o Bidt (@l 7

ve e
o PP —s
L2
o
L3
Lm
L4
ib) Angular position of masses
ia) position of planes of masses

Fig.5.5a avTavTed] W-He fhRUM=T dITaTTeadT a¥gH I Ao
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,
&
bl

(a) Couple Vector (b) Couple vectors  (c) Couple (d)Force
Polygon

Fig.5.5b  aTaTe W-HL fhUM=T dITaTea a¥gHId Ao

HISqoo YleoH:

JcleXUl 1.1 : A circular disc mounted on a shaft carries three attached masses of 4 kg, 3 kg and
2.5 kg at radial distances of 75 mm, 85 mm and 50 mm and at the angular positions of 45°,
135° and 240° respectively. The angular positions are measured counter clockwise from the
reference line along the x-axis. Determine position and the amount of the counter mass at a
radial distance of 75 mm required for the static balance.

m1 =4 kg ri=75mm=0.075m 01 =45° rn=75mm=0.075m
m2 =3 kg r= 85mm=0.085m 02 = 135° mp="?

mz=25kg r:=50mm=0.050m 03 = 240° Op="

mar1 = 4x0.075 = 0.3kg.m mozr2 =3x0.085 = 0.255 kg.m  marz =2.5x0.050 = 0.125 kg.m
ﬁ?ﬁW(Analytical) J&d:

XM+ mprp=0

Y>H=0.3cos45°+ 0.255c0s135° + 0.125c0s240° and .

>V=0.3sin 45°+ 0.255sin 135° + 0.125sin 240°

Fc={(TH)2 + (TV)? = mb.rb

mb.rb =

\/(0.3 cos 45° + 0.255 cos 135° + 0.125 cos 240°)24(0.3sin45° + 0.2555in135° 4+ 0.125sin240°)2
mMpx75 =,/ (—0.03068)2 + (0.2842)2

= 0.2858 foalHleR

02858

0.075 mp =3.81 fall

_v
taneb—ZH

_ymrsind _ 0.2842
taneb_zm.r.cose T -0.03068
=-9.2633
Op = — 83°83’

Op lies in the fourth quadrant (numerator is positive and denominator is negative).
Op = 360 —83°83’

Op =276°16’
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Tfrepd Usd:

1. WO Id! HATIHIY! Adfod I TRHATI ST R Az womde fdvar Iftha e
MY SIS, XA

2. 3T R U e AfAg Iiea TG Whe Hed (HTUTd) daeR Fig. BTeT. "co” o FaIfHT
EI]\_{LtIﬁ'UI'Iﬁf(resultant) JOTe URHATU gZlad.  “co” = 0.28584 fhal ez

Fig.. 5.6
9% Fig.
Ifod 9@ g TR SoT=ar RIS 3RId. Idfod 9@ m.r =1 FHI0NT SR

mp x 0.075 = vector co

- 0.28584 fhanr diex or

0.28584
mp =
0.075
. ~ .| mp=381fH
YR 3MUTST & WIS 3{Te31 Ad B STSHT YOG FHIG ST DI
fohaT ¢ TEH® X-SH&Tae Ifod axd™ (mp) T oAl DI,
Ob =
276°

3aleXUl 1.2 : Four masses m1, mz, m3 and m4 are 200 kg, 300 kg, 240 kg and 260 kg
respectively. The corresponding radii of rotation are 0.2 m, 0.15 m, 0.25 m and 0.3 m
respectively and the angles between successive masses are 45°, 75° and 135°. Find the
position and magnitude of the balance mass required, if its radius of rotation is 0.2 m.

mi1=200kg ri=02m 01=0° rn=0.2m

mz2 =300kg r2=0.15m 02 = 45° Op =7
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m3 =240kg r3=0.25m 03 = 45° +75° = 120° Mp =7
ms=260kg rs=03m 04 = 120° + 135° = 255°
faAwuITeET® (Analytical) TS

mqr1 = 200 x 0.2 = 40 mar2 = 300 x 0.15 =45 masr3 = 240 x 0.25 = 60

mars = 260 x 0.3 = 78

mr+ mp.rp =0

YH=40 cos0° + 45c0s45°+ 60cos120° + 78cos255° 3rfor

>V 40 sin 0° + 45 sin 45°+ 60 sin 120° + 78 sin 255°

Fe=y CH)? + (TV)?

Mp Ib =
J(40c050° + 45c0s45° + 60c0s120° + 78c0s255° )2+(40sin0° + 45sin45° + 60sin120° + 78 sin255°)?

mpx 0.2=/(21.6)2 + (8.5)2

= 23.21 fpalHieR
23.21
Mp =——= mp =116 kg
_xmrsing _ 85
taneb_Zm.r.cose T 216
=0.3935
Op = 21°28'

Oy lies in the first quadrant (numerator is positive and denominator is positive).

Op =21°28°

U d Usd:

1. MhHo UGN Fig. Y. o AL SRIGEATIHIU dRIo Heig ddex Fig. Hlal A JHI0N
BIGT. “ae” Tl FOIONT a9 URUMHI(resultant) TG GRAT g2idd.. ATUATER, TRTST
TGS DI “ae” = 23 fbardier

d
» 60
78y
q
Resultant
force 745
e

a 40 b

Fig. 5.7
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Gdfod 90 & uRum sor=d RIS 3¥d. Hdfod 96 m.r =01 YHI0Id 3T
mpx 0.2 = vector ae

- 23 fhardier fobar
mp = 23/0.2 ms = 115 fa.

ZWW%E@EW%@&WWW%WWX-

SHETd=- Hglcbd a¥JHIT (mp) =AT
Example 1.3 The four masses A, B, C and eb =2l 50 kg, 120 kg and 130 kg attached to
a shaft and revolve in the same plane. The correspondlng radii of rotations are 22.5 cm, 17.5

cm, 25 cm and 30 cm and the angles measured from A are 45°, 120° and 255°. Find the position
and magnitude of the balancing mass, if the radius of rotation is 60 cm.

ma =100 kg ri=22.5cm=0.225m 01=0° rh=0.6m

mg=150kg r2=17.5cm=0.175m 02 = 45° Op=?

mc =120 kg rz3=25cm=0.25m 03 = 120° mp=?

mp=130kg rs=30cm=0.3m 04 = 255°

ﬁ'&ﬁW(Analytical) J&d:

mara= 100 x 0.225 = 22.5 kg.m merg= 150 x 0.175 = 26.25kg.m
mcrc = 120 x 0.25 = 30 kg.m mprp= 130 x 0.3 = 39 kg.m

xmr + mp.rp=0

YH=22.5c0s0° + 26.25c0s45°+ 30co0s120° + 39c0s255° and

>V=22.5sin 0° +26.25sin 45°+ 30sin 120° + 39sin 255°

Fc=(CH)?2 + (XV)2 = mburb

mb.rb =

\/(22.5c050° + 26.25c0s45° + 30c0s120° + 39c0s255°)24(40sin0° + 45sin45° + 60sin120° + 78 sin255°)2
mpx0.6 =,/(15.97)2 + (6.87)2

=17.39 fen dicx
_17:39
" 06
mp =28.98 febeil
taneb—zz
_ymrsind _ 6.87
tanBp= Zmrcose T 1597
=0.4302
Op = 23°28'
Oy lies in the first quadrant (numerator is positive and denominator is positive).
Op = 23°28'
Op =23°28’
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Tfrepd Usd:

1. WhdHe TGN Fig. W. ¢ T SRITTVHIU G{1e Jedibg daex Fig. BTl ARG JHTUM
HIGL. "ae” T IS FTL, URUMHI(resultant) TET TRHTUN G2dd.. AR, HETST
3B DI “ae” = 17 fhalHIE

LLLFS S

mpip

i =l Is
LLLIES Y

b Yector dingram

Fig. 5.8
T Fig.
Ifod 9@ g IR SoT=ar RIS 3RId. Idfod & m.r =01 JHI0NT SR

mpx 0.6 = vector ae

= 17 fFardex fdar
mp = 17/0.6 my, =28.33 foal.

2 HITATGR USR] § GWl® e dd Dl &HEBGTW FIde @] B fhal YaTHD X-
HETTEA Afod aXHA (my) AT

O = 23°

Example 1.4 Four masses A, B, C and D are attached to a shaft and revolve in the same plane.
The masses are 12 kg, 10 kg, 18 kg and 15 kg respectively and their radii of rotations are 40
mm, 50 mm, 60 mm and 30 mm. The angular position of the masses B, C and D are 60°, 135°
and 270° from mass A. Find the magnitude and position of the balancing mass at a radius of

100 mm.
ma=12kg  ra=40mm=0.04 m 06a=0° nh=0.1m
me=10kg  rs =50mm=0.05m Og = 60° Op =7
mc=18kg rc=60mm=0.06 m Oc = 135° mp=?
mp=15kg rp=30mm=0.03 m Op= 270°
fazcyuTE® (Analytical) TST:
mara= 12 x 0.04 = 0.48 kg.m mgrg= 10 x 0.05 = 0.50kg.m
mcrc = 18 x 0.06 = 1.08 kg.m mprp= 15x 0.03 = 0.45kg.m

m.r + mb.rb=0
> H=0.48c0s0°+0.50c0s60°+ 1.08cos135° + 0.45c0s270° and .
> V=0.48sin0°+0.50sin 60°+ 1.08sin 135° + 0.45sin 270°
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Fc=/(TH)? + (XV)? = mburb

mb.rb =

\/(0.48c050° + 0.50c0s60° + 1.08c0s135° + 0.45c0s270°)24(0.48sin0° + 0.50sin 60° + 1.08sin 135° + 0.45sin 270° )?
mpx0.1 =/(—0.034)2 + (0.747)2

= 0.748 fopail HieR

_0.748

Mp= 0.1 Mp :7.48kg

_v
taneb—ZH

m.r.sind 0.747
taneb—Z =

_Zm.r.cose —0.034
=-21.97
Op = — 87°46'
Oy lies in the second quadrant (numerator is positive and denominator is negative).
Op = 180 —87°46'

On = 92°563°

Yfhd Tgd:

1. Uhdhe USANIA! Fig. W A GRITTIHIU aRie Heidg ddex Fig. dla! Avg Y0
PIET. "ae” T T aTGLqﬁ'UTﬂﬂ(resultant) FoTd gRHTT ezfad., HIUATIR, 3TGIST
3Tesd Bl “ae” = = 0.748 fhardicx

Bp=2700 °

048 P

b Vector Diagram

i} Space Diagram

Fig. 5.9
aaETFig.
Tqfod 90 g IR JoT sRIskd 3RId. dfed §6 m.r =1 JHTNT el

mpXx 0.1 = vector ae

= 0.748 fa e fhar
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mp = 0.748/0.1
my, =7.48 fa.

O = 92°

2 HIUATGR HUATS] § SUI® e Ad Bl ST Y d1do@] DI fhal 4HIdD X-
ETTE AJfod aHM (my) T HOHAAT DI,

5.3 DY (Vibration):

5.3.1 SYATAL HoYd a (Fundamentals):

3f) Y Sicgl [T, o1 311f01 2 IR Fafddh 9 11 901 IR Adfod Ui
IR (displacement) BTaTd SATFOT AR TS T SITATd degl  BUH Tail fdhdT - Hraffad
hdld.

) U TAHE qTIRT SITO=AT ATRSAT/ |HT:

QTete ST AT Y gTeareli o HaUTd araRedT SiTdTd:

1. SUAT Hraradt fdvar FHreadt. 819w e SR Tatd! GARIGT g1d. HU-TEl SHremadt
T Yehard dd el ST,

2. A& d(cycle). B ThT BTG gl FITeren TTdT 311G

3. dRARdI(frequency). & Tl Jdhald U haedl A& d(cycle) T W@ 378, S.I.
AT, IRARGT geaHed Tad dhall oI (ASHTT Hz U farfgeh s it ufa Tdbe
TS IAFHd(cycle) T THM 3.

P) HU T TR

1LY (free or Natural) far Aafife $u=T: SiegT SIS STl ekl TETE GRgaR/ARRIGR
BT B Tal, dRT TG URAE faRITI(displacement) TG, TRIR/A¥] Had foba
TG HUARATAT ST Teed STd. T IRARART (frequency) TR T IRARdN(natural

or free FrequencyOUIdId.
XN
/\\//\\//\V/\\ |
Fig. 5.10
& (free or Natural) féar Aafife su

2.9 (forced) U: ST TETG! T/ZRR AT SOTAT YHTARATG! 0 Rd gl df 9%
ARR FeriteA(forced) HUARATG! 3R 3 TUTTA. T TR /ZARRIAR G GIUIR Tl

90 § SRige-e i eroe Faaesiieae periodic) SRR 96 (disturbing force) 31T8.
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Aot

Fig. 5.11
T (forced) HUT
3.3[ASEE HU: ISH Hoo Jad HU- DIVl Sis fdhdl UftRiy® Jor=ar Ui
mwwm(oscﬂlation) ﬁi%raw?r mew
9%, g fhar sfeatfoay fRudIadt shgd —fdes fdvar ge- A fihvd.

X

A

e \ \//\\‘ :/\
.\/'

Fig. 5.12
IASTS HYA
4 BTG HUA: SgT HUATAN Udd A d(cycle)TE SIATIISS (amplitude) HHI BIdl, dogl
TAToT SRS HU 3 U, § U1 aU S 31T B Wad YueigR HiRad Joif AgHt
T TYUT YT RIaR ATd SHRUTMTST Y/ Wi (dissipate) 81d 319,

B

e

Displace-

ment [ime

5.4.1 FTASR (HUATR) BTaC;:

1. TS USRI dafdddl URd.

2. YT (engineers) Ricagdte FUTH QY MY IhdTd o dedaRk HeA-d U Hard 0T
G faurs eredrd.

5.4.2 GTANR (HUAT) die:

1. T TRAR dT0r (AT gl

2. T Y SHTaTST AT FHal,
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3. T NIRRT SIHhidR dlge ARG URUMH gidl, Ydhal Idl, TG HHT gid ST
qHTa: i Ryt Ao g,

4. T4 hoedl gHcH S YR fgd ySdrd.

5. HIT 3fif21e fohar ot %o BIaTa.

5.4.3 GTASRI (PHUATHT) FRUF SO SUT:

1. T2 fafdy ere fhal gcdh TR TRUANTS!, Gafad ToHH RIGo! 3Hd AT
qIIRS! SId. d9 & U fafde TeR=an Tefiqd oI o1 R, e, qlo-iy 3. Srdrd.

2. SIS HI0T HRUMAT UeHIaR I AT SR 9 BT D, AT SRJoHS fafay
IdF gehigel Yard(forced) BEASRA (HUH) BId. 3= USR HU4 TEI: GOIS
PSRN BIdId:

3) fqfod ad 3o TR faedH(existing) UG (couple).

) <M AT RYRTHNS U1 & e SR g¥uie SSoT WU,

D) UG IR BT HRUMRY dlgl Q%Tﬂ:ﬂ(excitation).

8) Y U: IS b SHRT, 8RN, AR AT (civil structures) T BId.

%) ART: T, Plel [AR1Y IR Tl gRITHRM ST SfothH Sre~gar URumd gidl.

3UMY:

3) B (HU) G HRUINTS] fdal Sl HRugrTSt O HeA=d dhol Uligal.

§) 3= AT fafa el Tredhi avg Ao RGUATH] sl dhde (STl }oH e d U] Siid.
32T TOTd B (HU) CTBUINIS! hdl Goa HRUTMIS! fdhdl HH HUIRIS!
TSI (@ U) AT HRUM fohal RIS (U SRl aTUR YAdeT ST,

%) BN (SHU) ST fhdl BRI (U 2MV® 7 31 Uard 3ed o [T (GUH)
MY YdTd SO ARG dodd o dTeR Clahdld. § GIF UdRd e d:

1. TR YT 2N (absorber) (BIGH®, WRRS fdal [$3h ThR)

2. WW(absorber) Y Pids, IR STOT dgHa tIET?—f(fibrous).

WieoH 1: WRI 2ATHE T AT ST Sgmuiad! fhed g,

BHRU: 3f) &Y 7RI AT bTd- SSTeTHE (misalignment).

§) Uedhian YHo AR (expansion).
%) HeA-R Uehid RIGTR fdhdl 3T Tgl-THATBRUI (reassembly).
SU: 37) ZMYE TORUATYE ARIRT SBTa- (FRRI) B! HTTZH 3T,
§) SN HRA-T Uch A a1y R (STTT) 7T,
%) HedT FHaR T4 ged Sgareyd Tha B,
HiseH 2: fhzom=ar a9 Uehiad SRigo- (PR KIS JGI=T).
DHRU: 3) ST Ioi T 3emHiac fhd 30T Teh YRS aef TR .
§) HNT! Tt 3Tazad FUITUET (range) dTad.
8) He- 9a (fagd fohar i daimd s, Tdferd Il gRaul(IgIes gIu)).
3U: 3) ASTRETA S RN Ffod S0 3TaRTD 3T,
) feoear mafea w=fi+=n g 3 .
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¢) S &g (FaIY) H2H gewmian aTuR T1e.
8) HeTg dhedTR, AT 33 IYd e ARG qur.

5.4.4 GTASRI TAAIGEx: AXAI(structure) TIOT A=A 3difesd BRSRM (@U) HH
HUGTET fohal SrauarTdt dAMEl aiR &, T e fhar fase gaifay &
JUDHRUT fhdl TRE UUMS (system of interest) BRI (hU) TR [dST B! STd
ST B TAHI e U

I Arcraar [AhRId e Hieal TR a3 (base) TREUT HRUATRIST fdbar T
ST gAaraiges WAl TaTurg(acceleration) TREUT HRUINTS!T ATORedT SO
SUSHUTAT RIS TR FgUIdId.

Fig. 5.14
E'I'qa'ﬂ-'-r TG (souce)
5.4.5 Bollgs Mo ( @) SATT efxFe R Sarew Saz ($U):

/ r S
LLLLLLLLL

__________

Fig. 5.15 ®uilgs Mo ( YEIRATT) HUT Fig. 5.16 CIX® HUA

FolgS IS ( IWIRTET) HUA: BollgsHe( W) HUF IS Fedid S M S
ﬁ?ﬂ'q'_‘f(dlsplacement) PEIR] W(travelhng wave) fe=IuHTr fdhaT THIGR 3.

SIS HU: TG HU § T I SR (PI1T) HU 3 - JHERI: IS AT
RICTTAT SHeTHIad! T,
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Exercise
1. The four masses mz, mz, mz, msare 150kg, 250kg, 200kg, 210kg respectively. The corresponding
radii of rotation are 15cm, 10cm, 20cm, & 25cm and the corresponding angle are 10°, 60°, 130°
& 245°. Find the position & magnitude of balance mass if the radius of its rotation is 18cm.
(Ans. mp= 88.88kg, 0p=123°). (A)
2.Three masses mg, mz, ms are if 100kg, 200kg, & 150kg respectively. The corresponding radii
are 0.3m, 0.15m, 0.25m respectively and angle between successive masses are 45° and 75°.
Determine graphically the position and magnitude of the balance mass required if its radius of
rotation is 0.2m.
(Ans. mp= 315Kkg, 0,=211°). (A)
3.The four masses A, B, C, D are attached to a shaft & revolve in the same plane. The masses are
12 kg, 10 kg, 18 kg & 15 kg respectively and their radii of rotations are 40 mm, 50 mm, 60
mm and 30 mm. The angular position of the masses B, C and D are 60°, 135° and 270° from
the mass A. Find the magnitude and position of the balancing mass at a radius of 100 mm.
(Ans. mp= 7.56 kg, 8p=273%). (A)
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