Board of Technical Education, U.P.

(Diploma in Mechanical Engineering—Semester V)

THEORY OF MACHINES
SYLLABUS

Rationale—

A diploma holder in this course is required to assist in the design and development of prototype and
other components. For this, it is essential that he is made conversant with the prmcxples related to ficsng.n of
components and machine and application of these principles for designing. The. aim of the subject is to

develop knowledge and skills about various aspects related to design of machine components.

Learning Outcomes

After undergoing the subject, students will be able to :
* explain working of different types of mechanisms and draw their inversion.

* solve problems on power transmission.

* determine ratio of driving tension for flat and V-belt.drive.
* identify various types of gears and their applications.
* construct turning moment diagram of flywheel for different types of engine.

e construct Cam Profile.

* calculate balancing of rotating mass and'its position.
* identify different type of vibrationsy-their causes, harmful effect and remedies.

SUGGESTED DISTRIBUTION OF MARKS

No. Topic Time Alloted (Periods) | Marks Alloted (%)
1 Simple Mechanisms 06 08
2 Kinematic Analysis and synthesis 12 16
3 Dynamics of Machine 12 16
4 Power Transrmission 12 . 18
5 Flywheel 06 08
6 Cam and follower 08 14
7 Balancing 06 08
8 Vibrations 08 12
Total 70 100

DETAILED CONTENTS

1. Simple Mechanisms

1.1 Introduction to link, kinematic pair, lower and higher pair, Kinematic chain, mechanis

(06 Periods)
m, Inversions.

1.2 Different types of mechanisms (with examples)

2. Kinematic Analysis and synthesis

2.1 Displacement, velocity and acceleration of plane mechanism

2.2 Graphical and analytical techniques.

(12 Periods)



el

Dynamics of Machine i)

3.1 Static and dynamic force analysis graphical and analytical approaches

3.2 Gyrosopic action in machines. .

Power Transmission k1G Feeigdn)

4.1 Introduction to Belt and Rope drives

4.2 Types of belt drives and types of pulleys

4.3 Concept of velocity ratio, slip and creep; crowning of pulleys (simple numericals)

4.4 Flat and V belt drive: Ratio of driving tensions, power transmitted, centrifugal temsion, and
condition for maximum horse power (simple numericals)

4.5 Different types of chains and their terminology

4.6 Gear terminology, types of gears and their applications; simple and compound gear trains; power
transmitted by simple spur gear

Flywheel " (06 Periods)

5.1 Principle and applications of flywheel v~

5.2 Turning—moment diagram of flywheel for different engines”

5.3 Fluctuation of speed and fluctuation of energy—Concept only \ /"

5.4 Coefficient of fluctuation of speed and coefficient of fluctuation of energy.””

Cam and follower (08 Periods)

Introduction, types of Cam and follower, construction of Cam profile for constant velocity motion,
constant acceleration motion and simple harmenic miotion |
Balancing

(06 Periods)
7.1 Concept of balancing
7.2 Introduction to balancing of rotating masses (simple numericals)
Vibrations (08 Periods)

8.1 Types-longitudinal, transverse/and'torsional vibrations (simple numericals)
8.2 Dampening of vibrations

8.3 Causes of vibrations’in machines, their harmful effects and remedies
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WA gAfG=H

(Simple Mechanisms)

SRR Semrrh e

« Introduction to link, Kinematic palr, Lower and higher pair, Kinematic chain,
Mechanism, Inversions. ‘

» Different types of Mechancisms (with examples)

§ 1.1 W(Introductlon) o : :

“aei W A e st wrrE: T OR SUET stert IRt (device) d € @ S At wfem
&1 wadm wed €, el fafirs st € & ol s w1 U fifvem 0d ot @ aon asht ain firert a1
TER w1 wd ww &

a7 weitt oy gfw § o frdt wam # saersr (available) S9 wT wahT w03 30X aTgw YT
w1 arfsres wrd Y i avar v &) o 32 frost sraaEt wiya (links) @1 €99 (assembly) gt &
ferah e ity iRl (relative motions) i wwEIgE® Freg (successfully constrained) F3
IqEe FT Y It wrd F wgen w wwar §) Wi o qun afw A @ ooy Fww €

“A machine is a device by means of which available energy can be converted into desired form
of useful work. It is the assembly of-resistant bodies or links whose relative motions are

successfully constrained so that available energy can be converted into useful work. Machines are
used to transmit both motion and force.”

a9 fafs= of stem-arem ow K wfd R (transmit) % waSg Afs 1 O § geTIa
FA B weiA @ WE T A 21 3uW = 2 % fou fedh | (source) § AEH wfe (power of
drive) #1 e favas 21 IqRWT:— WX WEfh 96 Tt F oTigeT 9 ¥ dv9 F) JaER
W FS1 S0 (heat eriergy) ®1 A= S (mechanical energy) & wRaffa fra smn ?)

T WR FrEwmen (workshop) W fafir=t wefi Tow SR Ay, AW witer oz farm st # swEnt
Fd 14 <, #fEn (threading), wiam snfz A wRefia =@ 2

THA S B I -faar, 39 Hife sTagd ad s T far A su% fafv= o % vy
F AT HU

1.1.1 wfreht faug (Resistant Body)

i fauet v aer o & 3 olifaes w0 A amen § A vate uftads T A, 3% whrsh
4z (resistant body) Fex &1 % faue & wyliai & fafir=r 3t Q1 ¥ oi arravares wer qar niy wfa
(transmit) &7 €1

“A body is said to be resistant if it is capable of transmitting the required force with negligible

deformation. These bodies are the parts of the machines which are used for transmitting motion
and forces.”




2 HYe & fagra

3 fre, GO €S, e, oiat aun s anfe) areE # FrE 4 favs yoia: wRR T g 8
a6 qo Tfa TRfEa 0 G99 $9 4 $9 00 ¥ fawgn g @ 2

s fivs €8 (rigid) @ ), 7' avas 7@ R1 Aee, fom o @@ (fluid) 3mfe f weame fivs
FEeN ?-
1.1.2, mamarsﬁ (Element or Link)

T T a1 e, feredt el @ Ay 3t § S o1 3 o Wre Wy e T §1 7€ Teh rer
atferes wferreft ot v garw= e @)

“A link or element is that part of a machine which has motion relative tosome other parts. It is
a resistant body or assembly of resistant bodies connected in such a’way that they form a single
part of it having no relative motion between them.”

Ig HAH (assembly) 38 TR 1 €l 2 fof wfereh fave fersh wF 3 (single part) i ife =
F ¥ g7 fe o9 § F1E TRy T A 211 3SR & ol U 9 A #1 faea O, foed 9w
2= a77qg H oot UF FE 99 21 A UBel STeTI- 3TN STaEH T 7T =
g fave € ¥ sit HAifm oreeen ¥ OF 97 FI F1 W9 TG
= 2

fas 1.1 & weffa & 9%& %% 9= fa=m@)(slider crank
mechanism) ¥ %% (1) TF F2l 8 IR €IS qUS (2) a1 A 4 San®
(4) % | T TEdl €1 3H R HANS 498 (connecting rod) fas 1.1
9 TF F T

(a) F&UT (Characteristicsy— T H8! H I T{@ &0 ¥4 =feu—

(i) 7 wF sfedidfure g =few

(i) F& ATYe Al FHA Afeul

(b) 3T (Uses)—f&wet 2l a1 HgT9 F1 ITEM 1= FEf F fau g 23—

1. gl dgnafa Tfaa w3 & faqu)

2. T9E F1 B (Support)‘?:'al & feru

/9 & A9 AT & Ari-g9E (guide) & fau)

(c) wfgat =1 anifaTor (Classification of Links)—Tfd GRYYT (transmission) ¥ forg fafi= w1
Y fr 99 R &1 wfed F1 v fEm s g —

l. %! (Link)
: |
I ! !
(i) 3 FEl (i) eTeIen st (iii) T HE

; \\ (rigid I'ni) wiexible link) ({iuid «ink}

e s




1
i
I
!
|

wE gHfg=E 3

el (links) ® TF 3771 whR ¥ it fawfom s anffga fifn s wwm 3—

2. %Et (Link)
l
N |
(a) BT &I (Simple link) (h) i FZ (Compound link)
(9% Y T (pair) 91 A (39% WY A (pair) T ATA
e <) IETd "I B 21) A A fiw s dgw Tad)

(i) 38 ® (Rigid link)— 57 319an nfq Wfed #1@ T09 39 F2) § w1 fFET1 (deformation) T
A ?1 W Tl ®9 W F ot F g7 FR A6 A o f FeA F sy oftad
(negligible) B 319q gd & F1 wRadq 8, 30 57 HL F7d €1 %, FAFT I (connecting rod),
#% frea, fafarst sefe 593 e €

(i) TTfeht FS (Flexible link)— &ia1 311 T W S Gqa 20 YT 1 F 4 v
(partly) fa&uo g1 @ W 36 7ifd TR0 W IS g9E el Ul @ 991 9 g2l o 97 72 famor e
& TS B W 21 IS0 % forw we@ (belt), TET (rope), ¥F (chain), faim, (spring), 1 (wires) @2
oEiel FEl a9 $ead d9d 9 IRied w2

(iiii) 77 *E (Fluid link)— 3% fFet 7eiie. & s6 IR Ftd 999 A (fluid) F1 5@ fFn s
T 991 T ALGT T FH IRV, T A GEAST R & e § 21 € 99 98 90, UTF A7 Fa
(fluid link) Feear 21 99 wEgifos 34, (hydraulic press), eEgia® 9% (hydraulic jack) 3R
TEgos 9% (hydraulic brake) 3nfE ¥ 509 (fluid)!

1.1.3 = fa=am@ (Mechanism)

TE TF ¥ AT FHSAl Al AT ¥ T9qT §1 39 T et R (fixed) et ¥) foneit fammm d ww
S A I T 3T Wt ® Ueh Ffyerm nifa Serw= shtet €1 o= fawama a1 Suam wife & areor &
o farar wmaT 21

“When one.of the link of a kinematic chain is fixed, the chain is known as mechanism. It may be

used for transmitting or transforming motion e.g., engine indicators, type writer etc.”

7% fa=ra #7 f yEn siiidd fha s g —

= fa=ama (Mechanism)
| :
[ |
1. T g fa=rd 2, Fifer a1 fa=arg
(Simple mechanism) (Compound mechanism)

1. 9% 9= fa=ara (Simple mechanism)— 7aH AN Hfedl (links) B €1 STETUE: WY 31

I BE (coupling rod), aE YA (watt’s indicator) gafal
2. dfire; w=1 far=am@ (Compound mechanism)— 387 =R ¥ 3 e (links) Bl IR

o a1fer Te T =Tl H SreE Il S €
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(a) WTEROT 94T WH G =@ (Plane and Space Mechanisms)
afy frdt o= famama & wvit frg waT wwael o fe & 9
7 =E farg Ao o= fara! wgerar & o f faw 1.2 A
fe@ran T Bl
S e el O e & Wl Ry wTe wwae § nfy off w0
o, 7@ wg e e O e s §
“If all the points of a mechanism moves in parallel planes the

mechaism is called plane mechanism and if* they don't the
mechanism is called space mechanism.”

WY o g 1 ged yafe g (gw Wy R
(b) == e afie woft ) 37T (Difference between Méchanism and Machine)

™o o= femmam Tyt
Ho (Mechanisim) 3 (Machine)

9 Wﬁm%m (assembly)ﬁma Wﬁm%m(assembly)ﬁﬁ%
ﬁqﬁﬁmﬁ@mﬂaﬁnﬁﬁmmaﬁﬂﬁ W'ﬂﬁ&?ﬂﬁf(relativemotion)ﬁ%lﬁ
¥TH HE B T HE a9 IR T e I Fel W FE H oaged wowEa
(capacity) T@dl iy g

2. | =€ wei %1 FEEe T working model) BT 21 | Rt 7 g Y wmifirE gfie @ gul w
oA s 1 TE 7= g & yaftE wu )
| (Practical form) Eﬁ"’ﬁ %I -

3. |de savaE 9 2 fF 47 fam e & 9w 2 | 7w W uw @ afus 7= faerel @ s S ‘
T 14 fafa=rwfedr § nfy =1 mfud w0 21 ms@u@s@ﬂmmﬁémm’ﬁ
TRy w2l

4. |SERWI—EH F SE-HAAT (P-V) IR@ T | STRIT—IY 3~F, a1, @O 19, |
:grg (indicator), &9 FT=F, ASH T T, | ARK, FHW, F7 741 fTwR 3eq1fz)
r

1.1.4 GISAT 99T BT (Structure and Frame)

AT (Structure)— F8 F3 A0 fI0EY (recistant bodies) ¥ el a7a1 2, SIFF 5 a1 IR
& R faFd (strained) B 910 & T 3 W vt ¥ amow § 9 wme 1y (relative motion) & |
Gl | |

e (Frame)— foell oeff o1 =ie 37 T F01 @t i 1 snear (support) TE &7 31 §
Tl % @ WIA: el AR F NI T ¢ FRE LEvhanEr 35 s 9 qewd ¥ feg =reeen e
2l ‘




IWW 5

e aur wyft ¥ ot
~ (Difference between Structure and Machine)
TWoHo e (Structure) | | WeftT (Machine)
1. 3;;? ﬁl:?:mh (members) % AT FH¥ WON »‘Tﬁl HF e (members) ¥ WY 7 B tl
' l : 7
2. wmmmmmmﬁﬁ?ﬁmmwmnﬁﬁﬁﬁm
(strain) 3 Tt 8] (transmit) & ¥ :
3. T B ﬁé [SIRECACTS (4 (transmit) &I | $9% FRI T9NE Het-qRAaa (transmit) BYet %,'
| @i fSe8 o8 o st
4 | SSET— e R o B A (trusses), | SRRO— W= A9, fefein i, W19 T,
o % R (machine frame), leQ qd a?-j'(-“ 5[ el
(railway bridge) Fefe| )

1.1.5 JT, Y& 4 e 3R Freg 7Tl (Pair, Kinematic Pair and Constrained Motion)
1. g (Pair)— 59 71 fa=am@ % <1 s7amal (elemetits) T1 HEA (links) F 39 FHR s fean
W f 37X W T (relative motion) TG R, G 3R M@ (pair) FEd B ‘
. 2. &G A (Kinematic pair)— Va9 R HE N ST WER 76 THR G2 & fF 3% 7
WIE TR (relative motion) Yufaan a1 HheraE e (constrained) &, @ T Ffgd & T (pair)
1 G 0 T (kinematic pair) & &1
“The two links or elements of a machine, when in contact with each other, are said to form a

pair. If the relative motion between them is completely or successfully constrained (i.e, in a
definite direction), the pair is known as kinematic pair".

3, firerg i (Constralned motion)—aft fireh et (pair) ¥ wft fireh of fam & fy w3 9
fovge == % & & ¥ W e i (constrained motion) FewT § T W ¥R T—

(i) o5 fres Wi (Incompletely constrained metion)!

(ii) ote fes Wi (Completely constrained motion)!

(iii) SEewTES %@ W (Successfully eonstrained motion)|

(i) 3t Freeg Wi (Incompletely constrained motion)— 3 freh 7w ¥ 7 & § ot
famell & w0e 9, 9 ¥9 v 9 E Freg 9N FE € 3R o § S
47 % (applied fores) 3 0 ¥ R F o9 T A 0N AR
(relative motion) ) ¥ ae S #1 9 1.3 () ¥ & w1 ¥ ol
W T W Hiel e H ¥ FE I T R w5 O 0
# 7 =99 f TR 9 9 4 R 9 W R 9
T &) e T 3 9F TR ) T @ S § T ¥ 3 9




6 TE % fae |
g T S TR @) TE FifvEa w9 R T8 T G TR 9 g F arqut Preg T e

(Incompletely constrained motion pair) F8d 2l

S
B

o 1.3 (b), (0), (d) ' j

(i) EUfﬂ'ﬂT freeg T (Completely constrained motion)—f& Tme & afe 7fy # ww fewn &
ifira @ ST afE W9 9 (applied force) # fewn #E @ @ T F woiaw fres i
(completely constrained motion) Fga 21 fax 1.3 (a) ® afg 9T o k3l Al (key way) ST Q3?|
Foft (fa 1.3 (b) 3 STTER) T WY A I FHae -1 T Wahelt 2, Ty 98 0 T8 el 1 |
T g e feg fa @ St @, qufaar &g e (completely constrained pair) e 21 |

o 1.3 (c) % =i % ST THAHR BE UH T Wbl 9% FHad Wk gt 21 o 1.3 (d) N W
% I 3IR Hierw @ gan & Forah FROT 9% W e qehet Wy YA Wk 21 gl A S qolqan Freg
nfd & I ¢ |

(iii) AReTATgE e Freag T (Suecessfully constrained motion)— F3t-Ff et a1 a1t
T A A ¥ Fres TR qof T @ o, e 59 fret o I ¥ g o ke e &1 v
THR FH TMd WwEeragEe, e T (successfully constrained |
motion) FE B

fer 14 4 AR @ (thrust bearing) ¥ W freg 7 :
(successfully constrained motion) & =i v @ faafon o oA THR
2, W T IR & IR IR-AY T W T T TR AT T

haagEs. fes a7 ( full ined i i i G %

aE YA T Fha1l T IR A Ff graagEs feg e s f for 1.4 l

1.1.6 Y] 7T Tl a1 EITERTOT (Classification of Kinematic Pairs)’
fafe= smaRl R & M e ® Ffafea o ¥ e fra s wwa E— | ]
1. HEAT 1t Wrag 7T F AT W (On the basis of relative motion between the links)—
() TA% T (Turning pair)l , .
(ii) @A Fren g (Sliding pair)| |
(iii) 9 T (Rolling pair)! ]




e gFfg=ag 7

(iv) 99 T (Screw pair)! |

(v) MR T (Spherical pair)l ‘

2. TIEAT & T WHIeh & TR W (On the bais of type of contact between the links)—
(i) = g (Lower pair)!

(i) 3= g (Higher pair)|

3. HIgA & TER YA & AR T (On the basm of type of closure)—

(i) g F (Open or unclosed pair)!

(it) o< g (Closed pair)|

1. g W TR % MU W IR T I
) (On the basis of relative motion between the links)

(i) TS T (Turning pair)—<a ar mmmwm@ﬁﬁw T ot feaw are
(fixed axis) 2 TR 3T TH W AT 3H IS hl YUTS: IO e §1- Serewond feafin & e woe 6
foafn & e wF gus ge I ?1 g ge ® qoiwan fes 1 A 1 (fe1.5)

%% (Crank) (Connectinzuzd) EIh
: : (Cross head)

TYF (Guide)

o115 o 1.6

(i) T A e arer gt (Sliding pair)—Ta 2 3Ta9d 91 Hi Al 30 Whr S &l fon o
Faer FREeT arett i €1 8 Wah oY TR et St T aTell el TEd §)1 STELuny Ie=nl 919 3
(reciprocating steam engine) ® hid 2T (cross head) MEE F WEA fhweran 21 (fe 1601

(iii) AAT et (Rollmg panr)—"!ﬁ Teh Tt 3@ d (fixed element) L) TEU A9 HHAT 2
JeTeToMd—aifa faraftn (ball bearing) ¥ feal foaftn 3 feom @ & o ® iR ﬁm foraftet (roller
bearing) ¥ A FT (case) ¥ T T (7 1.7)1

(iv) U= TS (Screw pair)—=ist g'maar@ I T T TR‘W (threads) ﬁm
¥ guaT ¥, A I U A (screw pair) FEd 81 T T T (relative motion) fREE (sliding) en
g9 (turning) Tt TN F s gt 21 e (bolt) fe=t (nut) % ¥ foerR T ﬁ":‘ T (screw
pair) s 21 (F= 1.8)1



(v) irefra grer (Sphericai pair)—3 Y& & T 8 0o R sraaa & menrsn @ § ga
| TR JE9E (spherical element) RAT §1 ITEONY—sie. 3k Wk S (ball and socket joint)
T FR H YU (mirror) TH Ty g T s F1 (Fa 1.9)1

2, mf‘sﬁ%mm%mmmvﬁrw
(On the basis of type of contact between the links) .

(i) 1 T (Lower pair)—3® YR & Gt § T ot Ty Foelt g WU Y sraraat @

ek AT 1 3 Wad (surface of contact) s Tt Bt §1 39% 21 S ey S & (pure

sliding) a1 Y& Y18 (pure turning) 1t 81 MR F s wia-t 1 Rrger |

e WS (Universal joint), g ¥ w3 aren woe vt fom 1.5 6k < (Disc)

1.6 ¥ femm g g fe g R "

/

(i) ¥wor gTren (Higher palr)—Yw FoTe i grror & srorwet & fireg o v o
T werd U & et o vk e o e e e (gears), \I
TEE e TE e (belt and rope drive), W w SR fawfer, ¥ aw g — /g
ISR (eam and follower) S T6% wareew §) fig 1,10 % & wiv = ) =rrraa

: iiEd 1,
(dises) ¥EE ¥EH 57 3= 97 (higher pair) =) )

3. gt 5 TR Y9 % YT 5 g T T (On the basis of type of elosure)

(1) === 7T (Closed pair)—w Tt Jer o S srereret it o & wifiren o e oy
St &, T 9% 95 T (closed pair) T K| 79 9 BE o 79 o o 7w

(1) e T (Open oF unelosed pair)—=Ta Rrelt 977 o srerermy o e Wit i v
&1 ST S A 78 G T (0pen pair) FEEH ¥) 39 3 79 TSR (cam and follower) S
TER FF| (spring) 79 GEEY (gravily) &9 3 ¥4 ¥, G T & o #
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1.1.7 ¥ (Chain)
¥ (Chain) fiw ar i & mmﬁmﬁﬂﬁmmlﬁmwﬁﬁ =g wiyat
¥y b

“When three or-more links are Joined togethe}‘, chain is formed. Each link is joined togther
with two other links”.

ﬁ,ﬁ&ﬁwﬂmmwﬁr%wmwﬁnmﬂﬁﬁ?ﬁt—

A9 (Chain)
|
{ | )
1.¥= =9 2. fres = 3. e =
(Locked chain) (Constrained chain) (Uncoristrained chain)
1. &< 9 (Locked chain)— ¥& &R 3t 97 it &yt & wr wmivey afy c

T wreft) S T O B o gurn o wwan 19w w33 9 (rigid fame)
TR 31 TR SR F o $ I veww 1 o 1,11 ¥ 4B, BE-a CA S
wigar e T 1 A 4, B 9w ¢ W A e e g g & o A e
T (tuming pair) SR §1 T Hed ¥ I @ M AE O TR @ 58 " Noa
IS (rigid frame) SO 81 T ¥R T8 TF 7= A7 (closed chain) #1 o 111

2. P& = (Constrained chain)— T 2=t fafir wEat ¥ amie
e quierar g gt 1 i s 3 e farmm ot welty s ¥ 8 SR = e e &=
FEA | 7 g gm0 oft w = fam 1,12 ¥R 7 1 9w $fedi 4B, BC,CD A DAY @ aft 4B
# R (fixed) #0 §UAD Y 4D, R gu1 e g DC a1 CB #Y feafirah & + fFfim wftasd= g
& 1 3 Ty e W 109 A e 3 3 A (kinematic chain) w¥eT # % o freg
1 ¥ ST (pair) MR B (joints) B ¥

5% (Fixed) ' (@) fegRe
forF 1.1

3, Sifreng oFF (Unconstrained ehain)— 8 3 o =iy § wmie 7 afftreg oo afivem
et ¥ i e 4 98 A = e e b e e R 9 S R 113 9 e
7§ 9 4B % PR (fixed) 75 790 791 4E 91 4E, W 9 9 R 9 99 =0 ¥ frerm
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fafea & we1 <1 WA I wfedl fa 1,13 (b) T (c) B it faenfya & gedt 21 79 TPR T8 03|
Afres 3 2

1.1.8 3 7ifa = (Kinematic Chain)

Y& T o 3w Y T gl (Kinematic pairs) T g ¥ @t §, frad vl w6 @
A T WS (member) Bt § T wigat ¥ wraer i freger Freg (completély constrained)
Tt 81 39 YT &t 99 = F15g 9 (constrained chain) oft wga )

“A kinematic chain may be defined as a combination of kinematic pairs, joined in such a way
that each link forms a part of two pairs and the relative motion between the/links or elements IS |
completely or successfully constrained.”

IR Hfgdl § o+t T S T 97 (Kinematic chain) &= 1. 12 % fers ¢ =, foay =R Sirs (Jomts)
I IR e T €

(a)uﬁw—m%ﬂg@nﬁ%%mﬁﬂuﬁwmiﬁm—

L=9p 4 ()
A= L=§(J +2) (D)
T, L =fgd & H& (number.of links)

P =97l &l €& (number of pairs)
J =gl F & (number of joints)
fost 1.12 % Y& T =9 % W J=4,L=4 19 P= 4%
TafeT IR W A . ; /
fox 1.12 ¥ @ & ys 7 =1 &1 995 (compound) TS &l i
T = F IRe & e s wfedl EF ©d FG # 39 YR Sl
m%ﬁﬁqﬁmﬁmﬁw—wwm%amwaﬁ@wm%(ﬁa114)1?13
f ITE SoeFE B TR Al § Hih S e J =7, w9l L=6 3R I P=52I |
mﬂznﬁ%ﬂ%ﬁmmﬂwﬁww@ﬁmwﬁﬁﬁmwﬁhﬁﬁaﬁ;
¥ PG T =4 &l Fweerdt A frw =1 % faw (2P - 4)<L%H\T3€§¢m(ngldstrucmre)mj
2l

(b) 375 TIfer = & W (Types of Kinematic Chain)

Y& Tfd =1 (Kinematic chain)

I
| |

1. &% B T = 2. A & T == |

(Simple kinematic chain) (Compound kinematic chain)




wa gafaama 11

1. T Y[ e 9T (Simple kinematic chain)— SR el areft 1@ 7 347 %) wwer gy Tifer =
(simple kinematic chain) FEd 8 (79 1.12 +1 oesH FHifeTa) |

2, v g TR 9 (Compound kinematic chain)— =1 & #1firs e ¥ o) € ¥ 7 =
= dfirw Wﬂﬁiﬁ‘r (Compound kinematic chain) #&a &1 (fa= 1.14 %1 2fEw)|

§ LI % 3 SehwT (Mechanism, Machine and Tnversion) -,

?I& Tlﬁl %’v‘! (kmematlc cham) ﬁ? o R ¥ G T [ T ﬁFﬂTﬂ (mechanism) o "Wﬁ’l
(machine) F1 EFIT FLA|

= f=ma (Mechanism)— 3ft ¥ 7 <7 1 & wt H for (fixed) F1_f&m s st 7o
I Tfd I IR (transmit) FH F fAC fF 9T @ @ T fa=T (hechanism) FEd 21

TYT (Machine)— 3fg fret o= fomama @ v mfid &) Se o1 398 9% 1 fomn se 1 sga
FEA B AEAEF TG TET FW AT THA T § 991 36 FBR o4 I A Y weie Fad &1 7w
YR W [T aTaa | e wferiy swfgat ¥ = gor fafe= o=t = =t v &, forad e
i guiaar e (completely constrained) Bt & <Y SucTeer ot i uitfire et &t arwar W@t &,
s frfyem v =1 et S S @@

IR (Inversion)— I fo=amq &t IRWTE & AR TS T 37 F foreht ot F A feer (fixed)
foran =1 wwa ® 3R 38 R Rl 99 o foet e @ san @ - o= fama wra fr s g
&1 e 7 forr e ¥ orem-orer 8w ¢ foe i Swem # o s S 8 7 SR g
1A% I foarm TRy 91 for g &-3I@wwor (Inversion) FHEA 2|

“This process of obtaining different mechanisms by fixing the different links of the same
kinematic chain is called inversion of mechanism. It is to be mentioned here that relative motion
between various links is not changed at all.”

foa 1.15 ¥ wefifa g 97 ¥ IR =fgai € o ¥ 5@+ wgt F waw: for (fixed) FF =R
fafirs o= fa=are /g s sma ®1 f53 1.15 (b), (c) T4 (d) ¥ weffa y&% 7= fa=m 1.15 (a) §
wefiid o= fa=g| &1 ISFAW (inversion) 21

@f‘“ﬁ/\ ?“‘“”\ K%“

(a) '

fax1.15 -

1.2.1 9 Poret Tl aeit g1 i = (Kinematic Chain with Three Lower Pairs)

¥ T 9 3 frg W @ W A A G AT § T §e, WII-We g ol f
£, (i) & = geer @ weeRe arel & S (i) A o W U G W are (screw pair) R
YuTS (turning pairs) T4 a‘lw W& (sliding pair) aTEAT €T wfEQ
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R TS gt ¥ g S o T 4

fe l.l6ﬁaﬁﬂm'{{'ﬁﬁ(slidingpairs)ﬁﬂ“ﬁﬂ%ﬂﬁl%ﬂmWﬁ-ﬂmf&mwtlm
A,B 7 C 7 wfeai §1 ¢ 4, fer % B & WY T W T (sliding pair) TR & wor rft o arehy
IR W g #1 %9 B FH C | T TH A T (sliding pair) TR & ok B ¥ A TR w0H
Hﬂ»‘aﬁilw,‘iaﬂtC?ﬁﬂﬂ»mw(slidingpair)milmAmmmzﬁﬁﬁaﬁqﬁm
fewmman s @ & C W @ A W aiv Pifeaa S 7w T B

o 117 % w& w5 39 (screw press) ®1 %=1 o= fmmn mn ) ot fraer amen g
(sliding pair), T Y& e (turning pair) 3R T ¥9 A (screw pair) g2

N

%

o= 1.16

W,Aﬁhcﬁaﬁ@mﬁmwB@AﬁmﬂwwaﬁtcﬁBﬁqu
mé,wﬁ:hcﬁm(ﬁxed)mBaﬁﬁﬁmaﬁmﬁmmaWAmfama

(displacement) fft=m #mn ¥ w2 M @ ¥R A,B 3R C = Wy "R qUidar freg
(completely constrained) &

1.2.2 WR B O T=-RATR. (Four Bar Chain Mechanism)

T WigE ¥ Wk e g fraw W UY O% Yw-faTe (four bar chain mechanism)
mwﬁtmmm&mwmtnﬁ o iy Tyl =) e (lower) e STelt =¥
© T SR T e o W e a2 T8 S 3 e ) S d—(i) et 3 (open ehain) e

(ii) ¥/ =7 (erossed chain) (R 1.18)) fife wem =) T T T R 5 ok T o
(inversions) 5 Heify ¥t &) '

\./
/% 3 (Inclined Chain)
o7 1:18

ﬁﬁﬁﬁﬁﬁﬁmﬁmw=%mﬁﬂﬁﬁéﬁfmwmﬁ
forerg 7 WO T § o 8
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ﬁmmm—@mwmm%wmmmm%mﬁmaqnwm
2 I/ =R (lever) F7a &1

TR T I AW W T AT R e

1. U ¥ wftaR war e o P

1 v faw 1.19i;aawan#sﬁA.B,can?mifamAm(ﬁxed)tamwlaqmﬁi,
ford %% (crank) =¥ &1 T D 2o (oscillate) eht #, frd e (lever) w8y &) & D % fau
ﬂmm(pistonmd)ﬁwgané,m%aatsmﬁﬁmmmmmtu

2. Brgt e T farme (Double lever mechanism)— 9% o= Rrre § or® 7 (englne
indicator) ® wavT fwar wrar &1 firx 120 % TR @ g e B otk D AR & e B =

fereama (displacement) faferer % e FHTUR (proportionate) BT &1 #fteR D = S fareumes
(horizontal displacement) sFfq &2 &1 freames Trge 2, fred fafeoe 1 sy T fFa sman

3. 30 Hw o= P (Double crank mechanism)—=g o=t forama o ufte = gors Ry
(rotary motion) Y gAY wfiw aT mifie (transmit) FT¥ & frq waivr e wmar &1 gaan warr
mhmtmﬁﬁmmmﬁmmﬁma,cwom%(ﬁm 1.21)1 3899 %@ 4 few
(fixed) &t 81 % Baw D 2 T & sk ¥ wEwR &) 8 C, F& B a0 D B Sreadt

‘—C

ferr 1.21 o 1.22

4. T theh o1 71 = (Slider crank chain mechanism)—ag == famare WY FT ST
¥ & Ty WY (reciprocating motion) AT Ty (rotary motion) ¥ wRafda wex 3 frq
T féfa e &1 59 R 4 Foor (fixed) w2 R B (%) T 2, FL C Dem

(oscillation)
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el & 7o A D w1 (R 1.22)) ¥ T T TF T - (sliding pair) T T TS
(turning pair) 8d 2l ]
TW Y&HKI @ = & WIS IFRA (inversion) Preferfaa §— | |

(a) ¥=gE® T (Pendulum pump)— T8 7 f5a ¥ H& A vv=am T (reciprocating motion):
@ 2 FA B (%) e # ol F@ D e (fixed) Bl & N F; C # 3 (oscillation) TR
(fa= 1.23)1 ' |
v/

Ha9 C
T

NS
to

N

\
!
i

7
l
q
i

L

T\\

AN

o

A

ANSARRRRNRNNNENAS

R

777777777777 ¢

forr 1.23 Uegew T ferr 1.24 e faferst 39

(b) 2o RafeeT 37 (Oscillating eylinder engine)— 8 SR &1 o forr 1.24 # feamr
T 81 T FE C R (fixed) T, I foFA S 21 -3 FH B () TR 8, N A7,

=g @ fees fafavet D 7o S8 (axis) R 2re (oscillation) FT 2
(c) Fegead g amawt 4= fa=am (Whitworth quick return mechanism)— fim 1.25 ¥ feamn
T T I FaTe e g aradt I faaTd (quick return mechanism) &, TR STANT 0T 740
Wwﬁﬁﬁmm%nmﬁa@Bm(ﬁxed)ma‘lélas;n%aa%amﬁgpmamwﬁ%}
FA D, F AF & 7= T (reciprocating motion) Fdl 21 FHE A% TR fRt w e TS dia
%ﬁﬁmwﬁm{a(cuttingtool)mmﬂ%lE%ﬂ'gaa%"c%smﬁmqﬁmwﬁmm%r
S 3 o T T W e I F e W < :
¥ e 2 om # few ¥ e g | -
HfE FTa &1 FF H fF0 T LA T P AN .. -ﬁ;
za 93 F iR =@ ) e o HOH N \ e
o T, FE ) R Y am e A p
FU PR W AW I T H A H
"o B 81 B HWeF o ¥ FH & wEl
3 zofere ST FEA 9@ Wik ¥ @@
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THa w1 3T Wy At R) gEfere T8 7= fom g A o R (quick return mechanism) Fger
o 70 B IR W A N feufy I w05 wEfia fem o T

5. #hah 3l frffart wfte o=t fr=am® (Crank and slotter lever mechanism)—3® ga aTodt o=

faara oft wed € 39 T e @ W v
(shaper) 4T WA (slotter) WeM= & fwar wrar
£ @ F 4 R (fixed) R S fF wei 3w 2
F@ D ¥ A9 g R E w1 Fa @ fd B
T T R R BE C () TR A £
g0 @ D W (ram) ¥ gt ® 9w 39 § iR
W HEA T T (cutting tool) T Bm & S
W % Wg-w fer @ 4% e fam ¥ e
e FA.R SR R FR C,D R 90° F I W
I B, W A T i M fewm oA TR B Fw ¥
o U W YAI GG I AW F iR Terd © qen
T HIEA T HH FA T W B AV T IR G
T I8 R AR T R o B, BRI N st

O<—P

F w9 9 o 21 (FaF 1.26)1

.

STE 11— thehs et e wlitex gt <t ws v (shaper) ¥ wgerT Bam &, & eh
& YU %, ae fardfar ot & e S % wer 30 ot 280 mm $1 3 23 B 100 mm &1

HAA AT FHT ATTH WA WO S AT HHA
TR 8- AC =280mm,
| » CB; =100mm

S H WA (ektreme) feufd o 1.27 ¥ wehf £

sin ZCAB, =sin(90-B/2)

ZCAB, =90°—B /2

=sin"1(03571) =20.92°
B/2=90°-20.92°=69.08°

B=2x69.08 = 138.16°
. Had IR T9g 360° —
T I ¢ z — = B

I EFE T P




16 99 & fage

_360°-13816°
T 13816°

1.2.3 Bt e &% BT (Double slider crank chain)

T % TR, R 2 e e e 2 wwew g
o £, S ww #w B e e e & e e A
1.28 ¥ R man &1 R sits Bawn ¢, W 4% wie &
HI-MY TH-TF Tt w0 &, Tl %@ D F @9 yors g
ST § 8 drdhye wftert o frma (Mechanism for
drawing ellipse or elliptical trammel) ¥ ¥ T @
TTER T WY (grooves) Th @R 4 ¥ s v & S e
fort 1.28 W feaman mn @1 = @is ¥ =itw B AW C e R
(Reciprocating Motion) %% €1 8, C sl # & DA Jre
T &1 3 D F W AN of farg a1 g W e
forg (P) dfaw (ellipse) W) fors % orqem dnfym 33 & fene 1,28, mm*““'
RRURSL & (Major and minor axis) 2¢ w41 25 8

,ék'n & ﬁﬁ B & TERaT (Inversions of Double Slider Crank Chain)
(i) ®hTe 91 T=-faramE (Scoteh Yoke Mechanism)—

7& 7 fomar faw 1,29 % wefifa R 1 sw gt @ v qurs:

Tt gemr Ry § qTer & fera Rwa et &) 7 seRn S5

B stoa & C $i for & W ffen st 21 fesreR =it B

G ? 70 FH D, B R TR {1 W 4 Tm M ww & R

fre fferet  sT-99 we &1 for = B, W W TEE ' g_‘
F &

fersr 1.29. wwte a9 g=-frame
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il
forr 1.31. ieegw sl a=-fa=ma

(ii) 3regEn wufeT a=1-f=m (Oldham Coupling Mechanism) g SafeT 37 2 GHMATRR
woRT g H weger gran ¢ Rt argl ues o § il @t Tw R R 1,30 9o 1.31 A weffa
2

T SohA0 ¥ HH D’ 9% (fix) W@ & T & Wl wSier 9 R, S5 R W 9 Wi
(flanges) Ft AT <t B3 T&d 81 F AT FELB, v D ¥ W9 YIS T 9 §1 T wIA F
mﬁ@@h(slot)mm‘élﬁlﬁ%nwﬁ@mf’w@m%mﬁmw«@—@
Stw (Diameétrical Projections) 9 8 € S W@ @ o1 §1-fFa % omla g8 soiw, Wt ¥ @i
T ot @ iR Wi (slot) ¥ W wEAnR

1.2.4ﬁﬁ§1ﬁa1ﬁmwﬁm(8imple Mechanisms with Lower Pairs)

T 3R 91 T (lower pairs) @t o= fretferfan §—

1. T=TUTE, (Pentograph)— 53 1.32 & ©F & I9W% &1
7= foa=mg feamn man 21 3@ ot fa=ama & g et s ar e
UM IR ¥ fou T farg & uer s wwew §1 5o wR wies
A,B,C 3 D fog firt =} Tema 9 39 R 9 € ® % wiedi 4B
AR CD v Hfeai BC 3k AD s ¥ v ¥ 9% e
TR R - ‘

F9 4B fer 1 O o o1 T {1 FE AD R P 7 go 1 ST
S ® f fog P agn w8t BC W fag 0 # faem i Yo 0 @
ToReR B1 ST R 7 frare 39 YR HErEn S i fag P e
few gu v @ R @ farg Q it P @, g SR B i v <wiem vem g ¥ fres 5 e
T ¥ ot 39 7 famma 1 3w d # |

2. & g o= f4=ma (Hooke’s joint-mechanism)— fa3 1.33 fcam W T fasare =
W, S STRHTER U 12 At VTR oht Sivg -3 fera, e wma & 5o 2t Wt o ey Rere
%Wﬁmmﬁlmm(cross)ﬁﬁﬁﬂff%ﬁﬁmmmm%ﬁﬁmﬁqéﬁ
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S8 F O GE @t 9% g Wi W (universal joint) st FEET R I F I g9 75
@i%m@ﬁ%ﬁmﬁwwﬁ@fW‘?‘(Tﬁqﬁﬁﬁ(transmlt)m?lmmﬁa

FR Tfe A fFa s 2

fa= 1.33. g =g Tt 1.34. whie-we o= faama

3. Tie-Tae 9 faaTE (Scott-russel mechanism)—3$8 = fa=me &t wgTaar ¥ G W@
et et §1 39 a7 o @ 7 W Y 76 o Wt sifug o et @ 9 e w0 W iR
ST 21 36N MRS % N S U WA 1@ ¥ 9o F o e g 2 c !
TF WA TUS (connecting rod) AB T T W T T 2 T
T 0% R B R % 31 F€ BC A 92 A R AB A BC TR
TR Tt B FG AB A g D 7% 951 | BD, AB * 9T Tl Bl
&1 70 SR firg D, CA ¥ e T, Y W Tem 21 D % e va i
e ) Yed MRSl ¥ ue s S e e § e o ged W AR e
FTA 71 IR M W W e (sliding pair) F HROT forErd i 2 1;"7135“%'5'“""'&""7@
=, TafeTy 7% 7= fa=me ifeer e sii swaht = @1 (3w fa 1.34) :

4, drgitferat o fa=am (Peaucillier mechanism)—3g o= for=ma 31 et et wifed &
fere yiT faan ST ®) f99 1.35 % 6l PD for (fixed) & 991 PB 3R BF WER sUaR 3| && BF
- fog BR 9 wehdl ®] 6 WFR A F,(2x BF) 919 % 79 W A §1 7R B F4, AD, DC 741 CF
& o o & s R T wieE BN F, 4, DA C fagell ® qE 1w o 9 ) e
- P3R4 T R C sk 4% R i P Se T #1 5@ w5 BF g # @1 PR e e
_%amﬁﬁpw%@rﬂwﬁmé’wwmﬁﬁmm%v{m@?ﬁ%l

1.2 3= A a4 fa=ama (Higher Palr Mechamsm) : .
%W qeT %W g fa=r (Cam and cam mechanism)—3w ﬁﬂﬂ o= fa=ara @1 uy=m nifd
(reciprocating. mptlon)_aﬂ'% qrett =Aar E‘ﬁ AqTeT g 3999 (element) ‘%‘?ﬁf%@ﬁgﬂ:{‘ T @ !
HIEAIRR (follower) ea &, w1 e Trueh & YA &, et AT & 37 qyemm f et §1 0 wed
HIEIER %1 T8 A1 &1 HIEASR B 9 % g T ofF R W g R m s gm A €
37 91 FeNeR FH A e T @ HE Tt TA-fa=E (Three link mechanism) TR 31
37, 7o % w1y et T TS T qe HeaR, i AhH o Y e S e s



mtwmmm—(%@fﬂal%)mwﬁm
¥ BTN AB g B R e v 1 4w o 5 C WO B
wERR & O fag W uw foim @m wa & i weer sk W
F| T AT TEA ¢ TN AT W BreeR 91 @ @ A
T F W i F fewE ¥ feg weler FW F @R I3 §
stk fotn & fawme F Frn % 31 waw § @mgen 4 R} iR
m%utmmrh , Trenart 3 fait s a= farame & fiw farx 1.36. &w o= framg
I €

hwm%m—hm%ﬁmmgﬁﬁwmm#wﬁﬁﬁmw
@1 7fd (complicated type of motion) ST %t ¥ for firan st 21 wifew iy | Tary arewd A e @
& R &0 Wi T T s {1 5w o fr I oW Wi, S, Smde o o fafir
¥R H TeAferd A (automatic machines) ¥ i fFar < 21

¥9, fafem w9 (milling machine), ‘1"74' 39 (punch press) q 31? mﬁzn w (dxe-castmg
machine) ¥ W ﬁ-THT S %I ‘

A‘l. i'ﬁ’i ﬁFQTH (mechamsm) ¥ I 'Htrstﬂ J N . »
2. 'qa'ﬁ?ﬁ (mechamsm) L2 a‘ﬂaﬂw m’f{l ' _ (UP 2012, 16)
3. . Wfaliet fqve (resistant body)’ ?ﬁ "-'!f{'qﬁlﬂ Tﬁﬁm '
4, TH W FEma W own oad 2 o
5. mfedl @ s SR
6. 3% F (rigid link), T F (flexible link) 3R T F3I (fluid link) H IRV N FEI § TR
7. & (link), TR sEgE A Feg vER = ?2 ,
8. ge-famrm o Wil W ety ¥ wRw ~ (UP 2002, 04, 05, 14, 15)
9. WS 3R A F-fogm ¥ I wWe wRw - :
10. wrEa i ayie ¥ et wWe FRu
11. a@@m%mwmmnﬁaml"
12 T an g M 74" (Kinematic pair) 1 ¥ &Y
13. . Y& Tfa. 47 - (Kinématic Pair) ® foooft feran
14, f= qra qon 3= g H o St ~ (UP 2002, 04, 09)
15.\/ ﬂ%ﬂﬁg’l‘ﬁ(Kmematlcpalr)'@mwm%7ﬁmﬁﬁfﬂqmﬂmaﬁm |
o w2 fafa % e fafed (UP 2009, 18)
(i) e = wer & fafve ¥R & Y@ T H F (UP 2010)
16. =R % 7= fa=@ (Four bar mechanism) Y 9 TN IUER ¢ R I o W geme

17. fm § s=R e HNe—
() e (rolling) N TeRd (spherical) T :
(i) foreer e ad A e Il | (UP 2009)
(iii) % (screw) a1 Theitd (spherical) I (UP 2009)



20

18.

19.
20.

21.
22.
23.
24,

' 25.
26.
27.
28.
29.
30.
31.
32.
33,
34.

35.
36.
37.
38.
39.
40.
41.

42.

43.

44, |

45.
46.

T % fagm

Y& (Turning pair) 741 frEem et H‘Tﬁ (Sliding pair) ¥ T T2 Eﬁﬁ'f{l m IZTELUT HI ?‘@Tfiﬁ{
TR TUF HRT 2

< 3R @& T (Open and closed pair) 1 82 (UP 2009)
pfa. fres f (Cémpletely constrained), 379ufaa feg TfA (Incompletely constrained motion)
ag 3ivm: freg Tfa (Partially constrained motion) ¥ 3R T= R

f= Tt (lower pair) 3R 359 T (higher pair) 3 I F TeEa A TL-F

¥ T =7 (Kinematic chain) % #%rg & 8 @ @l v €1 (link) 781 T (pair) #) e <fg

Y& 70 9 (Kinematic chain) 3R fafi= yer =t Y% Tfd 99 (kinematie cHain) ! TR

RS %% 91 (Slider Crank Chain) 3 35% IGHTVI (inversions) ¥AET 3 fH T7=Yl
W FH O H I FEl R W 82

TWH HF 99 IR A W HF 31 (Double slider crank mechanism) ¥ = W Eatdl
W& % fa=rd (Slider Crank Mechamsm) R feooft faad| (UP 2016(W), 2018 (W))

I=9 G TG gHART '

- @\ el | s w9 = aoie S

TR BE e O B TR HRU)
ﬁﬂ@géwammw%qﬁwmmiaﬂwaﬁﬁq\a%?ﬁrmmé7
@mﬁwwﬁﬁaaﬁmﬂmm| (UP 2004, 13)
fafe= yR & g=9-famg & = fofae 3R 3% &1 3qrww <) (UP 2012)
frefafes. w dfira feogot fafEu—
Q) U=mH (pentograph) .
(i) WEWFH WS (universal joint)
(iii) ThIE WA F=-fa=am@ (seottrussell mechanism)
(iv) I a5-f9=8 (Peaucillier mechanism) ,
+9 go-faurg FL6Fa FaEn (UP 2003)
e W e =TI HL o s gvl SR ‘

T& 3iicegd Hufe(Oldham coupling) # frafafy =1 wfes guiA Hﬁﬁﬁ{l
ihr FA-faTm % @9 sEe sERy
7 gE-fTE ¥ s qaEe :
hﬁtmmﬁmmmwmﬁ
¥ X dfara. feooh fafay) '
'H'Sﬁﬂ | ER?IT T-ITFCIZF 22 3T T4 g A (Mdchlne) Sﬂ‘t 7= f§=m9 (Mechanism) ¥ 3R s@EUl

(UP 2010) ,
FrefAfes TR (Kinematic pair) 3R =iy A At | e W _ (UP 2016 (W))
fafi= JR &t Wﬁ?ﬂ H T W (UP 2017 (W))
TRER HahfAsH (four bar mechanicm} 7 SFRED & (UP 2017 (W))

T Hepfae (space mechanismr) %1 Eites el - L, (UP 2017 (W))



(Kinematic Analysis and Synthesis)

* Displacement, velocity and acceleration of plane mechanlsm
* Graphical and analytical techmques : :

‘{E ﬂﬁﬂﬁ H ?ﬂ?Tif Wﬁf (motxon) Tﬁ w’r‘rrﬁr (geometry) IET @?ﬂ %I ﬁlﬁFI YHR i ‘-’Wﬁ'-i’f GEIl
T T srerE wERE: ) ghesdoh ¥ fRap e~

(i) faveruT (analysis) 9 (ii) YT (synthesis)

ﬁﬁw%mﬁ%ﬁwmwﬁw&w@mwﬁw%nﬁmﬂwﬁmm
FAY—3T, =T, W#mﬁﬁ%ﬁvﬁﬂwmwﬁm%mm@m%l
Wmuﬁmﬁwq&ﬁﬁhqﬁwmﬁmaﬁmﬁwmaﬁmaﬂw
1 T v  HyeiwoT Ues fEwTe g ufar R

T A & fafir= srawa) %1 =&l W AT 991 @Rl 96 FA & fAw, 39 9T 3T &l |
TR T TSR T AT, 2 R T A9a T W R AT MR el 1 A, S @l
W N BT € q @, 9 F1 FeH (function) ® oa: Rt 7 fammw & atfreems & forg am @
T H FH SIS 2

Wmﬁmm%mmﬁﬁﬁﬂmﬂﬁfm%—
1. dveifiss fafyr (Analytical method)
2. amema@ fafd (Velocity diagram method)
1. & fafr (Analytical method)— 78 37 I F F Svaifyes fafe @ fwe wa@m @&
- ot & wE €, W Sewt feafr § 59 faf @ TR Ff3T 9 snrEeTs @ Wt €159 fafa
T ¥ T0Y R T 98T 39 e § v fied qen WS B 1 o q9] SO 9| A F avafien
fafa =1 stemam AN ‘
2. 3 aniE fafer (Velocity diagram method)— et 77 fomm = Yafet s fewmn < wean
2 foret TAE FE F) UE T 1@ BN TR R S 21wt et oft farg @ it = e
(velocity vector) T fE@TaT W1 Hahal B &7 WIS H Weraam ¥ & 3 3@ &t I e
(velocity diagram) W%W'ﬂ%’ﬁﬁ?aﬂ'm fafir (velocity diagram métht_)d) HEeAT Tl T



22  HYA % fag

ﬁrﬁw*&wgﬂaﬁmﬁaﬁafmﬁﬁrﬁ aﬁwﬁg&tmﬂnmmﬂmmmtl
wifere, w4t fafy &1 s stfrer foran s &1

78 Prefefed & FeR # o —

(a) drerfors g fafly (Instantaneous cenfre method)!

(b) ey an fafy- (Relatlve velomty method)l

ﬂﬁaﬁémﬁtﬁ Wmﬁﬁwww% a’rmwﬂ»‘rmﬁmm(lnmnmneom
axis) Fgd §| Tfera orawar ¥ foreht et ot Rfdt &1oT W 3 w1 et g§ W o wwar &) dar
qut FEt & Wi Rer TaT € @en 38 AreeifUte % (Instantaneous centre) FEa £ ¥ & fafa=r
Rearferat & wre 3w S =t Rt agerdt @t 8 (@ fs 2,001 |

“The instantaneous centre of a moving body may be defined as that centre which goes on
changing’ from one instant te another. The locus of all-such instantaneous centre is known as
centrode. A line drawn through an instantaneous centre and perpendicular to the plane of motion
is called instantaneous axis. The locus of this axis is known as axode.”

fax 2.1

ur R R & @ AB T AT A, v, 3 ¥ Wefkia fan & iy s § watn 3@ & ge

fo B,V 4 ﬁmﬁhﬁmﬁnﬁm%uwmﬂIB@mwﬁrﬁﬁn%m%@r&Eﬁ%%m
fag I W ﬁl?ﬁﬁ %1 39 wR o / 39 Al % (Instantacous centre) 21
A & fios %1 HI19F A7 (angular velocity) © ®, &

i . o
Va =0.JA, T vy =w0.IB

_)

F9al : Va_IA
' - IB
Vb
- -
Va Vb
q’]’ — i ——

14 IB



¥ T frvereo ao w23

T SFR TR 4B W feorm fafirt firgall R, S 901 T % 3 FAW: v, v, T v, B FER D
gafyd §—

- - - — -

Vr |
IR IS IT 14 IB

ﬂﬁ:Va %Wﬁtﬁmﬁm%sﬂivbﬁmﬁmmﬁ A Vs WWWMW
m%nﬁmmmﬁ@mwaﬂmﬁmmmél

awﬁmﬁw%ﬁmg@aﬁﬁw%fmma@mmm%—

1. fomE & 1 g TR % fu w33 @9, {gﬁﬁ%ﬂﬁamm%—«:wm
(Instantaneously) A1 5y

2. TR H W A 97 HgA Th TR F W 6T T T w0 39 g W A g Hie,
AR 3 F F T T T 1 F § g v A Al s 9 e R 9 w9 % ane
Trl%r qﬁ@ﬁﬂﬂ(ﬂﬁ@ﬁﬂmﬁmaﬁﬁ@ﬁ@mﬁwwﬂﬁ%w@m

W ')}‘.ﬂ” P £ B!.:: r!: i.'!.

Euil
' “The number of instantaneous.centres in a constrazned kinematic chain is equal to the number
of possible combinations of two links.”

m%ﬁ@ﬁmawmwﬁmﬁﬁm nmﬁa@mvxéﬁwaﬁsﬁaﬁ

G F ISR Bl 3

i n=$r3.'4‘fiﬁ '-‘El'@!ﬂ

(i) g arearfiTe &%,

(ii) vt drearioTeR @R, A9

(iii) =TT FIT SrEATEt ATCRITUTR R
Hﬂnﬁmﬁﬁaﬁmmmaﬁﬁmwwa?ﬁﬁmmﬁﬁ%m

&



24 YA % fag

fas 2.2 % el 6 WR B3 4 fa=m ABCD W e & N3
%lﬁiﬂwfaﬂmﬂmﬁaﬂmNﬁwmm » ol N\

I T2 .\
H TRAM— _  wdia A l2a
A N="(n_1)..=4(4_])=6 LG n=4) -;,-ﬁ‘z ~~~~~~~
) 2 : A Crrrrrrrrrrmrrrrrrrrrrr e - = = === === b, J

2 I - I
TRTE F5 [, T [, 96 A0 F5 Fead § i g e u
forarey = forelt Wt ot % forq S Reafe T e #1 74, ok 2.2

1,; TRl e v eed  Fifs w9 fa=g i s @ |
3 oft fey e & g g, TR B G R AHIAF I 1, T 1 (T A S wFh ¥ o
¢ a1 fa=arg Y Tl & W9 aSed T | _
§ 2. 7 Tereit Tt e & wmegfoTen S AT S ot fa T
. (Method of Locating Instantaneous Centresin a Mechamsm) el ki
Mmﬁwﬁmﬁmﬁmwﬁaﬁﬁfwaﬁwﬁqmmﬂﬁlﬁ—
I 2.1 2.3 ¥ ww 9W BY 97 fa=E ABCD wafvta §) A
AreerftTen % faf g &t BC e €D v st dn A wif v ,r" %
afafie BC R g E war €D W farg 6 & & oft 7 i et 4B
n radian/sec % Wivita 37 ¥ FTTEE (Anti-Clockwise) v W@ R
vgE wws frer f-
AB =0.5m, BC'=1.5m, CD =1.0m,
DA=1.75myBE =0.5m,GD =0.25m | for 2.3

_aar. ZBAD =60°

m—méﬁlwm%m AB T DC %1 3 5t € S forg 1 W e &1 =i /3w
IC, ﬁgsthCﬁnﬁlﬁrﬁmn%mé?ﬁl

Fiifh 1, FQ BC % 9 F1 qeifvnes 375 2, 31 FA BC R 13 v Wgwmmmtl
A o=t BC &1 [ % qfta: +vig 3

g fRB® A, v, =w.IB.

W ) . - (cATE?)
®g-AB =w.IB ,
- = AB .. 05 :
70 O=0,;.—=314x —— IB =245
| ab s T ( 5 fo gR1 A W)
0= 0._64 rad / sec I

() FACDF AT vep =0.IC =064x1575=1.01 m / sec P



W& iftr fawerao qar wverm

fag E® (% BC W) am "
v, =0./E =0644x21

= 1.343m / sec
fRewm(F=oow am

vy =0./G =064x2325

=1.49m / sec
I 2.2— T o wirg amet = o9 fmam, S o forst 2.4
¥ fgmr mr §, ¥ fafem st @t wedar fe €
AB =62.5mm, BC =CD =75mm @41 AD =125 mm T &0
BAD = 60°%l‘€rﬁ{mﬁAB 10 rpm % T WA AT A ghomad

5 o weie W
g— ﬁ'qT %, NAB =10rpm,

2n NAB
60

©yp =

10
. ®,n =2nx —=1.047rad / sec
AB 60
FiifF e F TR AB =62'5mm =0.0625m 2

wﬁmaﬁﬁABmﬁgBaﬁraan =w,p xAB
vp'=1.047x0.0625=0.0654 m / sec

mﬁrm%a’ra&mrﬁiﬁ—

(i) TR formare SR el € o AT HY F HEn
N=n(n_l)=4(4_l)=6€|"'ﬁl

2 2 ] ;
(ii)mn%uﬁmmﬁ%m@mz.l e SR SN §—
arferanT 2.1
wfgat 1 2 3 4
AT H 12 23 34 —
(geme) | 18 24
14

(iii) Frite g1 &G T4 o AR B 115,023,034 T 114 N FW FA R

25




26 WA % fag=

(iv) 379 SR T4 = ARItTE HE) H T9 FQ 21 7 o) oA 2.6 F STHER TW RE T B
T fore wEdl /1 dem % suer a7ofq 9R fag 1, 2, 3 a9 4 fasngEn e 2

1 2
I \\ ,/
13 N P
’I‘\\ \\\ ’,I
4 \\ 5 \\ I/ 6
’I 3 \ Iu 4 ’x 2
| C 2N
2—3 / \
- 4 II \\
_"’A'/ i // \‘\
SRS N, , T D
I24 L2 1 l14 4 3 3
o= 2.5 fa 2.6

(V1M 27,29 3,39 470 1 F1 4 F fgar sied
(vi) fog 1 =t 3 | e R BT 123 a9 341 991 81 918 13 S B & foag 3wafrs &t 2
37 ARH B 13, oG 1. 153 T L3411, 1 S et T@A F F2 forg T 7 g @1 7
forger Y@ 1-3 W =1 5 fom 2 R
' . (vii)wﬁaaﬁﬂ?ﬁrﬁgzam4mﬁ§6maﬂ%%’|wm%6méﬁ:m@
w4 2 -
HE BC &I HIUHT AT—HM w5 =F BC F1 FI0ig 371, Fifeh fog B, F& BC W & fag A
‘3!_313:H@?BCW%@BW%‘TW=a)BCx[13.B31T1ﬁ1T{,113._B=105mm=0.105m
- vp _00654 '
I,;5.B 0105

ST 23— 2.7 W faEmd m we-dhe e g
(Slider Crank Mechanism) & ®i dreafore % wefsfa
Fifw  #& OB Ao WO d§S 4B & wamal wmuw:
100 mm 74T 400 mm # Tfe ¥ Ifromad 10 radian/sec &

SO A /Wt W A BT (i) TS (Slider) 4 F
T, AT (i) HASTR T AB FT HAT AW

=0.63 rad / sec - I

T—few e —

wpp =10rad /sec,OB =100mm =0.1m
HHEOBF @A, - vop =vg =z xOB=10x0.1=1m /sec
ATeeTioTeR 3 i feafaat

(i) Fifr 70 faama & 4 Ffedl € om: el = 9 gen
N_n(n—_l)_4(4—1)_6
e

(i) T S = st g A e daw
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(iii)mﬁﬂmmwmwﬁmﬁmﬁrﬁaﬁmmtlit%a’l,z,lnmlymﬁm
i for 2.8 & @ T @ Wi WSt (FR 4) @ TS FAE (F 1) T e & o e
¥ 1,4, 79 (infinity) T g TH-$ et ¥ 99 TS a9 TF TEA aen I (pair) B 21
o Tl 99 Wufis (I qm ) aeifs w% T #l |

! )
[}
Ll“.tw '1‘.'W{
I :
h :
|
[}
|
|
|
]
)
)
[}
i
: 1 1 2
: A /
] \\5 a,’
4 \ 7
1 N 7
\ N/
| 4 )5 2
) / A
I / \
} / N\
P AN
’ \
4 3 3 )
- faw 2.8 fa= 2.9

(iv)ﬁ{émmﬁﬁﬁmamaﬁwm&mﬁﬁmm%lwmnﬁ ‘6’
i S W@ W €1 3@ 291

A W, 1{34=460 mm =046 m
aq1 I,3B =560 mm =0.56 m
mAwaw—va=WAmén€qm%%
LY = VB a0 Vy =VB.113.A
I3.4 1.8 I1,3.B
'=1x9ﬁ§-=0.82m/sec T
0.56 ' L
mﬁarABmaavﬁwh—mmAB=@ﬁmABmaﬁuﬂnam
v Vg = ;
A 4= =W4B
WARTY I;3.A 13.B .
Vg 1

Wip == =z
4B " 1,.B 056

=1.78 rad / sec IW
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§ 2.8 wrder A7 Faf¥r (Relative Velocity Method) i i

1. 3T 9T WI4E AT (Velocity and Relative velocity)— &5 381 I % for feor araeamd ?rm
TR TEC TH TR F T8I UE (relative terms) &1 fefiy &1 wReEd T & Wi (freamawg) A

(velocity) Feama ,
Wmﬁﬁmmmﬂﬂmmﬁﬁ%mﬂﬁﬁmméﬁwﬁﬂﬁm%ﬂ(absolute

velocity) &q &1 war fereft fareg T avur a6 &t ffft e farg & wmder Prarem vt & &Y 3@ Ay

AT (relative velocity) wEd B : :

WA & S WA= F07 A4 3R B WA 37 (absolute velocity) v, 31 vy T #70 §1 7@ BH 3 4 "
& ey, 78 o 2, 9 9 @ AR e 3R 4 % Wy fiae Rt safea sl B i e sdta g e

fFa F A v, %wmﬁﬂﬂaﬁwﬂaﬁlﬁaﬁnﬁ*am%laﬁAﬁwémamB (vb)

o (- va)%v&mﬁﬁﬁwﬁﬂﬁrml

fast 2.10 (a) ¥ WfEw BD % &R v, T —v,, &1 AW AT 7o B & S AR v, 31 39 TR
AT S ST oab & B oft = foman 51w (fE92010 (b)) WhE A OfeR g 2 aem A =
ﬁﬂ'ﬂﬁﬂ(vector)o—;,B Wéﬂ(%ﬁﬁﬂA%Wﬁ&iBWéﬂ?ab,m(Vector)a_t; U IESAE T |

w%mﬁma@b_%lmmﬁmB%m&mwéﬂﬂaWmm%mﬁmb@t |
agl

€ —————— e+
A
v,
o)  __a
-
Vba
"ANE A a |
C
b /
. (b) b @
o= 2.10 fe 2.11

2. =t foroma & foheft st st oh— for 2.11 % W 6 9 9t 4B &1+t W) farg 4 B
21 FE, A fag W amEd G (anti clockwise direction) % et 81 fe 4@ B ¥ stw #t g0 wRaRd
qﬁgﬁ?ﬁsum%@ABv{AamBﬁmanﬁmﬁaﬁuBMA%uﬁawﬁmélBé:anﬁﬁw
¥l AB % wrEeq el |

mﬁA%wﬁaBméﬂuﬁm(vector)abamﬂaﬁh%mwéﬁhﬁwéaméutlFﬂfaF

FEt AB F1 FIUIT AT o 2l



@ Tk faver o Hee, 29
A% T B A

- —
: Vab =ab=wAB voi(1)
AR R 4B W HE fag C R |
A¥F WY C %1 Ve = a0 = AC (2)
Vo e . 0.AC" A
HHIHTT (1) 79 (2) 3, Yo MO A --(3)
> 5 oAB AB -
vab ab

;475 ¢, ab N I s fawf & o fr g C, 4B 9 R e 31 -

3. F=-fomame # =gt % A 7 w5y @ ffr—arn 5 49 BTH 38 Hgl ¥ A fag ¢ foman)
nﬁfwﬁmﬁm%mﬁmﬁwuﬁwmm%mb%@ﬁw%l

o 2,12 & 3HER 37 s (vector diagram) sHTaTl 8% ferg

A
freh forg ¢ & 3 3o W qa wfw Wit S firg 4 7S
Wﬁ?mﬂﬁmﬁl ‘ q b C
97 W qb T S forg B 1R ) feem qen TR R & \
a
H R W a TN bR firen AT AB T ab s A T ~Ritiatal
. Wi am M@ (vector velocity, diagram) gab 9 .
(aftamor aen fewm #) '
A WY BH AT ;‘)ab=iﬁ)‘
B whw A7 A Vi Zab
mn oL
B am | ﬁ?b=(i_l))
FR ABRIZ/C 1 3 F@ B R G 0 B oab W 58 THR S forad
B
. BC AB
B® W& C =1, v be =be
TMAHWAH CHF AT - vae=ac
Va AC
Vac = RN
EC ok (1)

V ba



30 YA % fagr

W g Cw am
Ve=Trg C A% w4+ frg 43 T

- - AC =
Ve =VhaX——+Va
BA

=bax 2 1 qa
BA
-

AC ac

BAI;Q

- :
- > e I e T e

Ve =bax— +qa=ac+qa=qa+ac=qc
_)
ba

374 chﬁﬁCméTnaﬁhmé‘l

b g ’»- 3 _, . 7. > 5 % ,;_ %/ e
ﬁ-ﬁz13(a)ﬁawgaraﬁ%qwcpﬁ@ﬁné%mocwm(ﬁxed)a?s”t%m@wm
{5 D gt 31 Bfag ¢ W e 1€ DC ¥ fag D ik € for & gafi 3% g4 (pole) a1 9w
?1 9% fog M@ W TR (coincident) 8| et 2.13 (b) % orgeR #i fag d, c Wifw o fag 4

ay de

_(b)
fer 2,13 '

Hﬁﬂ(vector}tﬁ@ﬁiﬁ:DA%mE’fl aqa&ﬁ Bc%aﬁaﬁﬁsaﬁﬁqmiﬁﬂﬁa{ BR M
BA%WWWaﬁBA%mab%@@ﬁuﬁﬁcbaﬁb R w1 o: qiew ab, AF
e g A el Y A WRw.ch B g % 4 A waRia wml sl

B o
. ab?Vba

- 25 o
cb=ver =Vp



s i faverum o gvemm 34

ﬂﬁ:wﬁBAwﬁﬁﬁN%@BA%méaﬁmanﬁmmﬁmmW%n NA 30 NB
= fie i e g NBA% @&y fioqa nba%ﬂﬁ@qunwﬁimaﬁAN%mﬂﬁm

an 71 b ¥ BN%Wmﬂ@ﬁqaﬁﬁﬁ@-wﬁnmmﬁl
t;l’.'l=:”bln =B% ﬁﬁ&l N &1 3am)|
an = van =A% Ty N =1 am

- - ' :
dn=v, =D& SR N1 3 = N & ¥ 3|

" Sy R ot HEY VRS R siahre ,.‘1 o N S B M R A N e T RPN LIS o 2 AN A
LaNPS = i3 m = e ot ¥ A » B8
ol & by A R B i [ k R e B !

e ST PR AN ST

Lo ot St i e by e e ) LB 6 SR Bl e B ) RS
qeEH ¥ T 3 9@ % ¥ fau feE 2,14 F
FIAR TS Hs q B CBA & Twey Bias DBE
WE FA ¥ IS DBE W Y % I AB 9 B § s
TGN T T DN DAW vt W ¥, I g ER wrear &1

S CBA = fa59 DBE 3, \
ZCBA= /DBE (9@ &m) |/
Z/BCA = ZEDB (THI= &I)
IS CBA @ 19 DBE W& ¥
3 TR,

A _CB - oy 4 _ DE

DE DB 'CB DB,

_-*
CA_Va

_— =

, BA _BE Vab - ' .-(11)
YAl CB DB -

% frge DBE 1 o o T T 45 A A, ok




32 WA wfaess 8

e A [3& 0=C W AB 1 F1ig A (angular velocity) 1] -
o Vb =w, .DB (&l 0, = %% DB 1 Fnfg 31 )
. |
L
* " DB
v > CA
C'A—-—xCA VpX——
CB CB ”
e gL i)
DB
BE

BD

’ Vap =0 . BE ..(iv)

mz#qawwﬁwmwcnﬁmﬁmlso mmmagmtlamABaa
@S 40 mm T 79T 9% 120 mm i i ¥ SFoTTe gEdt §1 wEt CD & g 80 mm & v Az D
%w&aa‘lmamﬁ%wcwfiﬂm@mm%laﬁ?CDﬁaﬁUﬂawﬁrwﬁﬂmm
BAD =60°.

To— foar 8— N, =120tpm, 1a:

Wpg 4 =21 ¥ L =12.568 rad / sec
60

Filfh F 4B TS = 40mm =004m 2, mA%nﬁaBmantaﬁnﬁ (?ﬂ‘ﬁA@rﬁm
fag )

=0. BA—— BA=v, x—
Vab CB b

Vpy =Vp =Wp  xAB
=12.568x0.04=0.503 m / sec

R ©ps




% Tf faveryo aom dvemor 33

. R O 3 durn wrre fad 2,15 (a) ¥ STTOR 9 oM@ dR w0 §) weawe A o
fam 2.15 (b) % srqEw dar =@ §)
(i) ¥ R 4D 5% ¢ o forg o 7w b F A NG N T R TN N THA 1 5 ¥ AB F

Eﬂm:mabﬁﬁﬂmqﬁmwi‘lWW##W&TMB#’I%W@M or
VB) |

I IR ab=vg, =vg =0.503 m/sec
(ii) 379 CB % wareq 39X CB &= & < farg C F1 B ¥ wre i 1 <uien §1( @4 v ) Ao d

fog ¥ CD % Taaq dvet &) § & farg € 1 D ¥ whw 7f 91 gwian &1 3L be 0 de g C W
T TR F FA T AW W

Vep =ve =A% dc=0.385m/ sec
T W ? CD =80 mm =0.080 m
A F CD &1 Hvig A7, '
_vep 0.385
" DC 008

=4.8 rad / sec &IONEA IW

ITEAUT 2.5—Teh ST $5T & Pheh ! oT0ETS 0.5m TUT AN < Tt A@TE 2 m 81 dheh Sfgomrad
(clockwise) 180 rpm ¥ U= §| & T 31: U« &% Rfer (Innerdead Centre Position) & 45° %
FNT TR & T TR FITA— (i) RS RIT (jf)y HEITeh €2 T R0 37 (jif) T R & 1.5 m @t
T v aieTe Tue W R firg E @ am (iv) wateres g8 W e fdt farg <6 >t fearfe e i
AT, wafw fag <G 1 thep IO & WU AT AT F i

TA—fea 2—%& F JohLN 3o =180rpm

aq | ®po =2nx161(?=18.852rad/sec

FiifF % F o 0B =05m ? o1 0 (Rer ) & wiw B 1 1@ am,
' Vgo =V =Wpo X OB =18.852x0.5=9.426 m / sec

(i)ﬁmmaw—aénmqmsﬁﬂqmwfﬁz.m(a)%ﬁmmawﬁ@%}zmm-a%l
FETER 3T st fa 2.16 (b) % AR TR FW

1.11&‘9@0%@&13%?%@%%3@%@80%@1@%ob,qassﬁa%rm——n
A&t fa 2.16 (b) %W@?ﬁ%lﬂﬁm ob=vgy =vg =9426m/scc..

> B % TRE P AT (v pp ) F TERIT F F A g b F BP F T T 9 bp 7 g O
é@amoP,GhPO%WMWO%.WHP%an(vp)ﬁmﬁhm,@?ﬁ%laﬁm
prmOPﬁﬁPmﬁﬂﬂ%IWﬂ, | | | .

| fq P AT vp =99 op = 8.15 m/sec T

®Ocp



34 W ¥ e

(L Ll L L,

RN 7/ L LA

fax 2.16

| (ii)ﬁ-a‘lma'zwa?mﬁwaw—anmﬁaz.ls(b)ﬂbas-mauwan‘;P,,:éam
. bp=6.8m/sec ‘

WWEPBaﬁmzm%m Wmmaﬁvﬂuaw

vPB 68

o =g =

—34radlsec(‘q'rq17=|'c'f) | I
(nnn)mﬁmﬁngaw—ﬁgEméwmmﬁ%maw bp A fag e W I

a@mﬁm%maﬁmmﬁgE mmPBmﬁaz 16 (a) ¥ ST 31 0e F1 firamm Fa
oeﬁv‘g’,Eiﬁlﬁ"TﬁT{ﬁfﬁmlmﬂ :

E® 91 vy = MNNve=85msec . . IW
(iv)mégwﬁg‘c’ﬁﬁmﬁwi@aaw—W@gwﬁgGﬁm,ﬁﬁaﬁ
| W F WA A R M, F g OF IR bp W A SE T A W 2 i og
o A Bt 3Tk g (g @ e <€ R G # aifoq feufd Y waRi wa d1we w,
: ‘< aﬁ‘-‘e‘.’(bg‘=5m/sec ' | ‘
HaT 3ve WOF fefa A e wER 99 R 1w §—
L . bglbp=BG/BP |
N Rl BGL2Bxpp=3 x3 |
: .i ‘ bp .- 68
s | =147m, IW
mﬁm,(;m%@héﬂ ‘ ' |
vg =¥ og =8 m/sec I
| W2Fm217ﬁw&h@m—MWmﬁ&%0A 60rpm3ﬁ11'65‘{?ﬂl‘"{7rﬁrﬁ
gmaéqq@%nm‘s’aﬁﬁmwrmaﬁ%mw&sa‘ﬁrﬁwmagma%mw%
WScmﬂgﬂmﬁmﬂﬁgQa%@h&wmeﬁféau .



o >
() '5
fow 2.17 ;
m—ﬁm é_ NOA —60rpm
am: % 04 TR qm = 22N 20
60 60
=6.28rad / sec X

I ﬁdﬁAmoﬁﬁmﬁaaﬁUﬁa%ﬂvwmu (aﬁlﬁdﬁm%)

=0.04 =628x 7.5=4L2 cr4sec.

anaggamﬁ%mﬁmlcm _10cmi se¢ THER f5 2.17 (b) 3 SRR M g A ¢
WWMO(WW)ﬂOA%m‘@%@an%@”aﬁmﬁhmﬁ%mm
s 4.72cm, 47 2cm / sec s ILF Wi BT 2

A BF AT TN AT vy . F o feru fag ¢ aﬁAB%Wﬁi@ab@iﬁ%?ﬁmﬁ
form Y@ % g fag ‘o ’ﬁ%ﬁa%@@aﬁmbmm%lwﬁﬂmaﬁ%mmbaﬂ
wmﬁmﬁlmm@rmmmﬁﬁgmaﬂ%%um%wﬁﬁﬁqwmmm :
g '

BQ _bq _Yos

: BA ba V 4B
mﬁﬁoﬁqﬁmlwmmoq,ﬁﬁqﬁqmamﬁwﬁﬁggésménaﬁm%l

W), ‘og = 5.05cm FHAT -
: 176) =5.05x10=50.5cm / sec’ :
aaaob anaggaﬂwsaBé?waﬂﬁmﬁhm%mﬁm,obﬁycm

Vo -=3.9x10=39 cm / sec

SORTE o i ﬁ;aa'ur (Ameleratmn in Mechaniams)
’ qt{é‘aﬁ'@i‘( f{iﬂﬁ B ] 3 wfe @1 3 I P ﬁfﬂﬁr C0) awwr—i ﬁmn Tl T a?ﬁs?il "-f
ks gmwmm-ﬁﬁfaWHWﬁl

o
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T& gt T @1 3 (Acceleration Diagram for a Link)— 53 2.18 (a) ¥ weftfa ws 7
1 & N forgell W Rem F &1 W g B, 4% w8 F100G 3 @ rad / sec D 0 @ & a9 FA 4
1 HIVIT ©T o rad / sec? B

T Wd € fof et o1 =1 o, et 3 e &1 9fTATOT G feem A wger #, F Q) weF )

(i) %< we= (Radial Component)—3% 53 T &o1 % w01 % 3 & TEad g 8

(i) vuyfta we= (Tangential Component)—ﬁﬁ f@ ™ oo ¥ w0 & I F GyER AW 2

1 218(a) ¥ 7R 4B ¥ e g A% W B A (319 v ) B FA 4B ol e

fohe T & M B H A F W H 3 orad / sec &, TR A B H.1 H o7 2w
~ (Radial Component) f=1 gm— | .

2
apy =0 xFG AB F} T =02 x AB=_BA

AB
bl
aga
a' /’B A
al :

(b)
o 2.18

T TTH AN v, FATIA A FD AB F THARR T T BN g 4 F TR B o #
TR s (Tangential Component) f=t 2rm—

: agy =o x FHE B TEE =q, x 4B 7

Ig Heh AT vy, %wmma@ﬁAB%ﬁmﬁmmlwaﬁ@mm%faq
51, 2.18 (b) & 78R F1E forg &/ I & 91 ' F BA F TR 39 ' x W § R o %
| W g"BA. W TERIG FM T x R AB F o IR xa’ W § = oy weF
a'.BA® TG T 1 b/ o' B T SRR b @, AT W BF T @0 H) el e @ ae
RO F 3G q91 WG U 1 [ew A E 8l T |

TETET 2.7— Wk Tk Hdh STt it s 300 rpm i 0k W1 Tt & 2F0mTare (Clockwise)
IH T8 e TS 150 mm T HESE UL H AT 600 mm §1 7T R~ (i) Tl 2ve
o W Tavg @ 9T agr @, e (i) W ;ugmﬁﬁ.q*ﬁw‘m__m, AT sk AT Ga R

(IDC) w fafr @ 45° - | LR T
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—R — Ny, =300rpm
a | ®po =2nx36i(;)=31.42rad/sec

OB =150 mm =0.15m, BA =600 mm=06m.
T S R B O ¥ whw B Yela A s v g,

Vgo =vp =0po XOB “(BO & TE)
=31.42 x 0.15 |
=4.713 m/sec.

1. FelioTeh qUE ¥ wex farg o it A— weve T ST S e fa 2,19 (a) F SIER
WY G TR W B qev=rq 1 @ fa7 2.19 (b) B i R TR w1 —

rLLLLLLy/

—_—tATF — . — ___

(r707777/

(Ia)u'q‘snmBoéﬁmamob@h%‘%shoﬁmﬁananﬁmﬁhml

319iq Vo vp =qFI ob=4713m/sec
(b) g b BA ¥ e 39X ba WA & W1'B & WY A% 41 319l v 4 B R HIM o7
WO@AO%W‘I’SQﬁﬁi‘@@iﬁ%?ﬁA%aﬂ&ﬂﬁuﬁmmlaﬂtbaawoa
g o W e =
A W, v g =99 ba=34m/sec

q9qT A T AT, v, =9I oa=4m/sec IW
(c)mmAB%nwﬁgDmawmm%mém ba%nmﬁﬁdﬁoﬁﬁaﬁ%n
3R od @ weAfrg D F 30 H wERia HW

9 W, Cvp =98 od = 4.1 m/sec | =T
mﬁm%mﬁgmw—ﬁnw%ﬁo%ma B ¥ TR W AW WeH
r VBO (4713)

1481m/sec

280 =98 =op " 015
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B ¥ WY 4 @0 1 ¥ TH

aﬁfﬂzw(c)ﬁwﬁhmmaﬁmmmm?—
1. msﬁaﬁwuﬁmao%mmobmtlmo%ﬁmqatmtﬂwm
I weRfa wim aalq. AR o' b =ajhy =ap =148.1 m /sec? - |

azhﬁshosqmﬁaanﬁawh%m o%nﬁaa%mmﬂimmmﬁm:
2. B % W A% =001 ¥ D ew dh— |
(a) 3T w=F 4l a’j, AW, (b) TG T A4 a1 A A TEH TR T i)
a7 g b’/ 4B F TR A9 b/ x W ¥ S ap, $ FRRA 0T 991193 m / sec? F TR
A g x A AR xo’ Wi T AR b x F o= AWy
3. 9 0" R A7 7Y F AR R o' o’ TR E MAF w01 R wefifa Fm A v 7w
o'a g o' W firen #1 o' b’ ! frem @

4. G939 T 4B & weAfag D & O I 1 A F T of b’%qwﬁagd'm‘foﬁﬁlmlﬁm
o'd TN T F uA forg D F R0 ¢, A R FTM AT W '

a; =38 0"d'=117 m / sec? : IW
mﬁﬂaﬁ'ﬂﬂuaﬂ— T WA © fF Gdo < & H1Ufta 3T(Angular Velocity)
45 =-§’TB _-(E ol 17 rad/sec (e ) IW

magwaﬁvﬁaw— fad 2.191(c) ¥ wef¥fq =W amE W,
\aAB =103m/sec (W gr‘u) 5

. t -
TAF & FHVE R, o _f’ﬁ_—_ns 67 rad / sec?® (3feromad) IW

mz.s—i‘gaz.zo(a)ﬁuaﬁrhqmmh | i
Garact (Slider Crank Mechanism) ¥ &Ais P, few | A0
@1 OB & WIg Uy T &er § aur e 230 rpm- v )
F U T TR @ R @) e T e 150mm R
wATE P o1 ST qUT FEROT A WA

TA—IATEh w1 WE IR@ fax 2.20 (2) § wehia
&y .

e —




W& e faveram qo wwemor 39

#% OC B = =15cm =0.15m, PC =47cm, OB = 45cam el Nco =230rpm
3 HF CO H1 Frvia A wgp =23(;’(;2“ =24.1 rad / sec

o Voo =0cp XCO =24.1x0.15=3.6 m / sec

(b) 3T G
IR T R 220
F:2.20 (b) H WeRfa 3 sTE = e FHT R F— .
1. wevem O g 0 W 9 0 X W OCF w3 oc T I T AR Wi B
AR 0c,0F TRY C F A v, =36 Fsec F FeRfa wam|

- 2ﬁgc%uﬁaﬁgpéﬁmvmﬁmmﬁ%mﬁgcﬂ@mcp,wﬁEPC%
e Wi €1 TRl st ARy cp HOfemT W R

3. TS P A, I TMA e F avyfew W M o g O Y IR op W & N v,
aﬁmﬁhaﬁmaw%mCPaﬁﬁﬁPmmlmmop =Vp, =Vp WO W '

12 =4.2 m /sec | I
ﬁnzmqﬁmﬁhwaﬁaﬁﬁmwwaﬁﬁ—

1. O%Hﬁacﬁsmaﬁmmﬁﬁmcoﬁmamoc@?ﬁ%lmqﬁwﬁm
YR 6. fea s :

0"c'=aco =—='—5=86.4m/8ec2.
2. C%Hﬁapmmma;c _E Pcﬁmmaﬁmaﬁmlmmc 'Y T FERR

' x @apcaﬁmﬁhﬁmamﬁwvﬁnmanmﬂvmmmmmmmm
w1 w2, G € '



T

40 TR F fag

TR TR a e il ARAT S0 & T 7€ ¢ x F e € g x Y T A i
af;c a‘ﬁmhm'
3. WS P 1 = M fawn & srgfam @ g O’ | U 3R of p! IR F 99 ¥ THARR
WA ¥ S xp' N P FE R 3@ o p'=ap = P WO AW W,
o' p'=ap=82m /sec? | I
JREOT 29— 2.21 F YIRIT TF R BF 97 PORS ¥ FE PS g §1.41yar # wrampat
PQ =62.5mm, QR =175 mm, RS =112.5mm T PS=200mm & %% PQ=10rad/sec
qurﬁtuhmmaﬁwm&maﬁwgps=60°tmfa§QmR,Pstw
T R ¥ wfgat QR 7o RS Fofta a1 wem ot mror 7 F6
T—fea 3— :
QR =0175m,RS =01125m, PQ =00625 m, PS =02m,PS =02 m,wyp =10rad / sec.
WM fE g ow P Ry M@ o w A
VQP =VQ =(DQP XPQ =10X00625
=0.625 m / sec (PQ ¥ waa)
HEAT QR 7UT RS &7 @iy 3
HeAYIN T 3fea P AER fo2,21(a) Ft i TF 9N v 9 o 99 omE T ¥ o
o 2.21 (b) ¥ wefifa a1 s =it FErwer R R_A—

60°

, (a) 9 @ (b) 7 MG
fax 2.21

1 it Paan § e farg € ara: 3 s ¥ 3w farg A & et N a1 PO 3 e v
pq T 3fed Yo WA wlied € S P ¥ whe @ % dm 9 qwiam awig
vop A vy =X pg =0.625 m /sec
2. fag ¢ @ OR & T e AT qr@?ﬁ%GhQ%HﬁHR%éﬂ(vRQ)aﬁmﬁhm%l = fag
& 9 SR'& T dFe sr'@?ﬂ?f%ﬁiS%'ﬂﬁHR%ﬂ‘T(vRs ),ﬂﬁmﬁhmlaﬂ?(qrﬁmsr,ﬁﬁr
R e 7 W, , | '
: Vro =9 gr=0.333 m /sec
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s Vps =Vg =9 sr=0.426m/ sec
FE OR &1 Fvfg 3 Ogr _Yro 0333 .4 rad / sec (ATTEH) I
OR  0.175
FEI RS F1 wIvig 3m wps =-RS - 0428 _ 3.78 rad / sec (i) I
SR 0.1125
wWiyA QR W4T RS W1 Fvit w=or

FifH e PO 1 Hol o e T ) & o P W O ¥ w0 1 wHiE e T @
P % Wy Q ¥ & s wew

2 2
_vor _ (06257 o

= m / sec
PO (0.0625)

a6P=aCP=aQ
-~ Q% WU R & © H MF wTw

" _Vkg _(0333)’
R ""orR 0175

S ¥ GNY R F =0 F Hu® =F

=0.634m / sec?

vs _(0.426)°
SR 0.1125

fam 2.21(c) ¥ weffa ©xu oM@ # 7= vHR a7 m sram—

1. ifs p Ay § fer fag § 3@ @ oma ¥ 9% & 7 - e
fag ¥ & weRfa &m o 3fem -9 AR PQ & HAMIRR
T p' g Wi & NP F I 0 F w01 F A wh A
weidfa &

a?ﬂf'iaap al ag = p’q’=6.25m/sec2 2

2. 37 fog.¢' § OR & TR 39 ¢ x WREANOFH i
T R % ¥ s Tew Al apy F UM T TER \
= a'RQ‘\\

q'x=apg ~0.634m /sec’

3.mﬁ§xﬁQR%mamxr'@?%%fﬁQ*

aiE R % w0 % ARE TeF ahy TR T T

ofemor 3@ Rl

=1.613m / sec?

r == A st
Aps —Agps =ARp =

a'RS
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4. 378 fg ' ] SR % FAAR 3FR o' y W ¥ N S & Gt R F @0 & HaF 2w a9 afg

= WIRfT FM T THFR AT s’y =ahg =1.613m /sec? |

Y

5.3/ forg y A, SR & waaq a9 ' WA R N S F a0 R F @00 F Wl TF ahg B

weRfa &
6. IR xr' Ay’ fig T FRA B fag p'r am ¢ ' A firemn 9 W,
app =TT xr'=4.1m / sec’
3R aks =T yr! =5.3m/sec?
3q: HE QR F1 HIVF @O,

aro 41~

=—% = =23.43 rad / sec? (araTad
| % "or 0175 ( ‘
FE RS 1 B &, | 2
O gy = ahs 53 =47.1'rad / sec? (amaTad )
RS T 0.1125 '

.,.!

mmﬁnzzﬁ’mﬁh@mﬁ%wmmﬁnﬁmﬁwm%um
e OC HIfA 3 o rad /sepd T4 ¢ 7o freht &1 siw: T4 F5 (IDC) D 0 F B 1 #1 7
Wﬂﬁﬂ?ﬁmﬁzauhﬁmPMIDCmﬁtwﬁxﬁwﬁaﬁm‘élwﬁﬁmime

B0 YT R TE: AH—

fax2.22

=% F f= 99w 0T F T=E,
r=hqaﬁﬁ@awhﬁmﬁ,
¢ =RI% @ PO ¥ TN TUE H P, adl
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n=1ﬁmmaﬂmm%¢ﬁw&:mqm=f
Rz =1 a—fry 2.22 | St W fER F 0 W,
x=P'P=0P'-0OP =(P'C'+C' 0)-(PQ +Q0)
=(l+r)-(lcos¢ +r.cos0)
[ wfafa @, PO =lcosd,qq QO = rcosf ]
=r(l-cosB)+/(1-cos¢)

' =r[(l—cos9)+£(1 —COS¢)]
r

= r[(1-cos8) +n(1-cos)] 0
st CPQ o CQO ¥, |
CQ =lsind =r.sin0 )
a9q7 . i:@
r sin¢
n=i'£m sing V0O L)
sind n ;
‘ (e dne )2
Gl cosd =‘\{l—sin2 ¢ =( _Suzl J
n
IR 9 H g9 94T (Binomial Theorem) ERI ﬁl’RIR FA |
w | N
cos¢=1—‘l><smze+... (3= W& H IS T W)
n
)
[ 1=cos¢ =22 29 .. (iii)
2n

T YER WA (1 -cos¢) F HH FHHW (i) ¥ W@ W,

o (D
x=r (l-—cosﬁ)+n><Sm 29
2n

. L ‘
=r[(l—cos@)+S“; 9} i . (iv)

n



o

44 T F ReE
T (iv) 1 0 F TRY YEHAT FA W,

ﬂ =r [sinﬁ + L x2sin0.cosO
do 2n

=r[sin9 +S‘“29]

2n

(V)
O % WY PH AW v, = frees a1 A g

“d dodr
g =" = ( ©=d8 / di)
FHIHTOT (v) ¥ dx / dO &1 HF T@A W,

Vpo =r |:sin9 +sin ZBJ

. (Vi)
2n '
fireT #1 =RUT—ew W ¢ T 3 afted &t ge @t wwor wEy € om: e P &1 &,

| Poodt a0 @ de
TR (vi) FT 0 F WY STaHE HA W,

c0s20 x2
2n

& =mr[cos6 +
do

]=(or[cose +

n

COSZGiI

mmﬁ%’.mmmw,

; cos20
a, =or|cosd + X
n

=m2.r[cos6 e 29] ...(vii)

ﬁv\wﬁ&hﬁ—l. & %% I G4 F (IDC) W 20 7§ 6 =0°

a, =m2.r[c080°+-@-J =m2,rl:1+l]
n n

2. @ %% T g9 F5 (ODC) R A 7= 0 =180°

a, =o’.r cos180°+m 2.y _1+l
P s "
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ODcmmﬂﬁtaﬁﬁmmﬁmmm%ﬁﬁWw

a, =0)2.r[1—l]
n

T o ]

CQO =Ising =rsind
sing =" xsing = S8
[ n

A ¢ % AN S TWE ST (differentiation) $11 W,
d¢ _cosO 49 _ cos e '

n .. )
wﬁﬁ?ﬂvaPcmﬁUﬁaéw,C%mﬁaﬁﬁP%aﬁvﬂwéﬂ%wmaﬂrdqa/dt%
SR BT 378 WA QUL H Hiofg 3 |

dd cosBx @ _® cosd

Wpr =— = .
‘g #C dt n . Cos¢ . n coséd
wWIANERE N\ | | |
1/2 _ vy
cosd =4/1—sin? [ = 9} | [ s1n¢—w}
n
oo =2 cosO _o cosO ,_ ®cosO (i)
L > TR TN e
4 l—sin29 1/2 n l(nz _sinz_ 9)1/2 ,(n —Sin 9)
2
m g PCEhT Hiviig =,
d
&pe =C ¥ WA P Ty T < (‘;fc)
: d(mpc)_d(mpé)x@:d(mpc)xw | | o}
T d 40 dr  do |

T (i) 1 e F W,

"d(wpe) d wcosO
A w2 o zaan
4 d9|(n?—sin20)
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T[(n2 —sin? 9)”2(—sin9)]—[(cose)x-;.(nz ~sin20)""2 x(~)2sin0.cos0]

n? —sin @

—0 —(nz —sin? 9)”2(—sin"9) +(n2 —sin? 9)'”2 sin cos? 9]

n* —sin%0

=—msinO
2

(n? —sin?0)"2 —(n? —sin? 0) "2 .cos* @
n* —sin’@

2 . Y
 —osin® F(n —sin? 6)—0052 B:I [(nz —gin? e)1/2 ﬁ;m 3 T’“ FQ R

(n? -sin? 0)¥*

i il = 2 o ~~wsin®@(n® -1
= ‘ [n° —(sin“ B +cos” 0)]=—
‘ (n2 -sinz 6)3/2_ : (nz —-Sil]2 9)3[2

a —

(- )ﬁﬁmmﬁm%ﬁwmmmmmmﬁmmﬁmmmt

fore feafaai— 1. +=ifw sin? 0 nzﬁmﬁa@mm1m mmmmmélw
m(l)m(m)ﬁﬁnm feran <1 W 21

2 . 2 ¢ :
®cosH - sin@(n” -1
LIt
3

e =
2.mo(iii).ﬁn2aﬁmﬁmﬁa§am€Wamzm»ﬁmmmm%

-02.sin0

A pc =
n

EEETWZIO—QEWW%WWWWE»%W@W 0.3m 74T 1.5m &=
180 rpm 2RuTad (clockwise) T TE &1 forr 21 A wvuT AT Y o &, a7 LR
farfr A 40° & =T X {1 fae &t vy o frafa & fore & =t Rafr 3me 530w

Ta—fea #— r=0.3,/=1.5m, N =180 rpm

a=T 280 ues d e

.
Hd:

0 = 40°
R &1 FT—eW T &

d(wf;c)xm _-—o sinG.(nz =1 . FOE ...(iii) |

ERRTE V. AL



Y% T faveryor qo Heerso

r 03
frasam oy - r[sme L —18.85x0.3l:sin40°+8m80 }
2n 2x5
=4.19 m / sec

| ﬁmmw—-gn S % & frq &1 @ a, =m2.r[cose +008291

n

cosSSO ]m/secz

47

I

a, =(18.85)? x0.3[cos40° +
=85.35m/ sec?
ﬁm%wam%ﬁrqﬂma&ﬁwﬁr—wel =" '\ = F o F% 9 o g9
F% (IDC) ¥ feufq
T S ¢ foR farea w1 @
a, =m2.r[cos91 +c°8291]
n
@2 .& \ :
0=——(ncosB, +cos20,)
n
n=c0s0; +cos20, =0
o[ 50080, +2c0s20, ~1=0
2003291 +5c0s0,; -1=0
~5+v5% +4x1x2
a0 cosf, =
A = 2%2
(+ive) &R |, cos0, =0.1862
q 0, =79.27° 71 280.73°

W

IAFCT.2.11— U TAIH-hek TATAH |, hmmmﬁmémm 150 mm e
600 mm &1 e ST X W 60° F HI W 7T ek WG 450 rpm RO T &1 W
W{x)mm%wmwm)mmmmhmaﬁmamn
© W—Rwd— r=150mm=0.15m,/=600mm=0.61,0 =60°,

_Tx450

N =4001pm 1 o

=47.13rad / sec
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"

n=—,0£=4

0.15

RS & A7 v, =oor| sin® + 302

p 2n

=47.l3xO.lS[sin60°+sm120 ]m/sec

2x4

=6.9m /sec I

GRS &l & a, =m2.r|:cose +COS29:|
n

o .
=(47.13)2 xO.lS[cos6O°+COSI420 ]m/secz

=124.94 m / sec? I
2. OIS TUS T HIVT AT AATHICHT @{0T— 79 IR & AN TUS 1 FoRg &,
weoso _47.13xcos60°

()] =
PC 4
=5.9rad / sec W
2 - 2 o '
Fo FHT =R, G e _o".sinf =(47.13)4.sm60 — 481 rad / sec _—_—
n

ﬂaﬂﬁmﬁwﬁmmﬂﬁmawmq%ﬁfwaqﬁaﬁnﬁr ém amamﬁ:ﬁma'
F 8 9=H e T §eawoT (Kinematic Synthesis) ¥ &4 T W i wl fesa o m s@ €
& Tt 31giq ¥ew i (Input Motion) % foe wifed frfa 7fd (Output Motion) St &t T gfg T
Tyeraur U Feamg wfsran & for o e wan frta wfer 3 smam o farema & Rt srqumat @
1 T §1 Y[ i dyerwor # feret formame st fege e wme ferelt wrea &t dftr st & frsfr
faram 1 Rt §—

1. W& Hyeraor (Type Synthesns}—mmﬁmﬁ'ﬁimmmﬁww@m
+ 39 firr, w1 9o qel 1 R oo W famame % 59 IRt R ¥ 74 e g frer SR wm,
e, g1d 1 g, Fefor SfRar (Manufacturing Process) de1 faqeaaan (economy) anfe W fa=m

F 2l
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2. HTATE: WYANOT (Number Synthesis)— €T Y[ Tfer &7 & &gy Uit 9T amenfa grar
ﬁtﬁmmﬂﬁrtmmmﬁaﬁMMﬁﬁmmwmtl ™ o A F

1 TR F ANE, ITH Hll = fewm aen ey, A ¥ Aeefires ) = feafn, S 9 SR anfe A
g A fern s ) ,

3. Tt H9ENOT (Dimensional Synthesis)——mmﬂmmﬁwmmﬁaﬁ
T b1 70 st der S o & el 3 mer i, wfedt 3 ¥ A 350w wh 4w
NEe A 1 egT v s 3 " N ; ‘

mmmmmwmﬁmﬁaﬁmqﬁm‘ﬁmamﬁmmrwlm
@mewm%ﬁﬁmmﬁﬁmﬁnﬁmmaﬁmﬂﬁmmnﬁ%w
%‘Tﬁmaﬁ‘(Su’ucmralenor)ﬁ%f%lsﬂ%aﬁﬁwﬁﬂhmmﬁﬁﬁﬁwmﬁﬁlm
T F w=E ¥ T SR (clearance) T AR 3T, F FW N Fifa JfE (Mechanical
mof) WEN R gt . "N/ o~

€

LR P SN
0

“A link is supposed to have n degrees of freedom if it has ‘n’ independent variables associated
with its position in the plane.’’ '

Eﬁmﬁ%ﬂﬁamﬁmﬁwﬁmaﬁﬁﬂﬁ@fﬁﬁﬁmmm%m#wﬁ
T H SR A #

WﬁﬂZ.ZBﬁWﬂWWW?@%IW(I)EI@'%I.HFE'T(Z)EI@?HTIAW%W%
ﬁ%‘sﬁai(xA,yA)%lwm?h?ﬂ2%ﬁ§eﬁAamBﬁﬁaﬁaﬁ%@,W(l)ﬁ0%ﬁwm%tsn
mmﬁzﬁ?ﬁaaﬁ(m,yA,e)mmﬂh:ﬁﬁmﬁmmmélwﬁwﬂﬁwmm%

& AF6E 73 w1 T T0ee & maa s A sifat wad ) v

A fFE WIS (assembly) F » wfedi & 79 3% & 9y
iﬁ?ﬁ‘@@ﬁﬂﬁmﬂﬁ_%ﬂﬁﬁﬁ%ﬂﬁ@ﬁﬂ%(lowey
pah)ﬁ@ﬁmﬁmﬁmaﬁﬁsﬂaﬁmaﬁﬁaﬁﬁﬁ
FHAIE ¥ T o Fed T v BEm W RER W R
FEA T A TF R 95 TR w2 A o ¥ = wied 7 gen :
(n—1)30h Ton ot o1 B @ IR O A TS SR WA R G | )
3(n-1) FAfer B b QW%W;WX

T fq=ma &t @aea st i 39 $0 F o gy e . N
NER for@r o1 gwar e — -

F=3(n-1)-2p-h | ()
GﬁF:mﬁﬁﬁﬁ;n':ﬁﬁ;ﬁfaﬁm,_p= ﬁwmaﬁm,hmmaaw
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 Ffy el (i) W S e #t "@en A =039 e s (constrained) § 4 F =18 79
IR HF (i) B TwR R S ahd 8 —
1=3(n-1)-2p
2p-3n+4=0 (i)
'GTﬁE'T{'UT (u)aﬁ " et getaRtor’ (Gmbler S equatlon) ft Fed 'gl

FURL e S SR AR iﬁ/u I A A S R R
ﬁ {: it 0

el 98 TR (Miotions of o § R

Wmﬁmmﬁs‘ra&maﬁmmmmm ﬂfav&amuit
T fma A1 anar &)1 fndt et @it nifervfierar @ oved waear & et ot dean 3§ A 3wk
e =it faltreal @t aam % fAu smavas @ Frdwiat &t @ & awer it 9% frew
mwﬁwmumbersynthesns)sﬁm%nﬁa224ﬁuaﬁhqman33waeﬁﬁm
mm%mﬁ%wwmmﬁrﬂwwﬁwﬂmaﬁwm%r :

A B -

forr 2.24 .

(a) T ¥k daTaet (Double crank mechanism)— o5 2.25 ¥ T S0 ek dae Wi 1

TR BC :19a AD fdt #1302 gl AR S Gehal 21 3 HEa! fog 4991 BT Ui <56 01 Fehell €1

chaﬁw(coupler)m‘%l%H@ADachﬁﬁgDamcmshg?ﬁ%Iﬁazzsﬁﬁ

AB #t 95 far TR

(b) F&H-IW&HT Taaedt (Crank-rocker mechamsm)—fiﬂ 2.26 ¥ wefiifa ST domaet

FH AD 5 R-TM Hh W FE FD AB TR 2| FR AB TF TE L 2 9 4 F Ra: @ o TR
m%mmﬁnmmcuﬁgnmmmmamm%.
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(¢) e W ISTEEA (Double rocker mechanism)— frs 2,27 & wefvfa 3 45maeh & H8@ DC
ﬂ%lgﬂﬂ%“ﬁ%ﬂﬂwﬁﬁADﬂmﬁthcﬁmﬁmm%l #1d Wt w& i wFH T
e 2

mm pmqt«mw—wﬂﬂmtﬁq_ :
I+s<p+gq . .(i)
7 fordher =t ot fadeer o = £ ‘

“According to this law, if | and s are the lengths of longest and shortest linsk and p & q the
lengths of the remaining two links of a planar four-bar linkage, then

l+s<p+q ..(1)
The linkage is known as Grashof linkage: "’ '

3 T el S FEE (i) A w1 Fofi-1 raterst Feerdt & am W dqe T F@,
3= Joii-I1 Fomaferat wed

AV TR~ &1 IERWT (Inversions of Grashof's linkage)
(a) V9 TR B FF (5) T6 O TS0 ek dAEe TG Dt B

(b) 5 HR BT FF (5) T (coupler) 1 F1d FHT & war ST Fehe Havarett 3 Bt &, e

(c)mmmm(s)ﬁmmmm%amwwﬁwémﬁmmmm
o R

ST 2.12—Fa 2,28 # wERia R 53 9= 97 (Quadric cycle chain) B3| F TRt
wuvT; 10 cm, 40 cm, 30 o T9T 25 cm §)
ﬁ%%ﬂmmmmﬁmﬂﬁm Hom
TA—381 J=40cm, s =10cm, p=30m,qg=25cm '

10 cm 30 cm
l+s=40+10=50cm p+q=30+25=550m
2
- (1+5)<(p+q) ==
ﬂﬁ%aﬁaﬁq Y9itF & fram =1 ToF = 21 T TFR T9F fax 2.28

T Sormu e B
mm—m@lﬁa@(s)as%lmﬂgamaﬁmﬁmmﬁ%ﬁmﬁaﬁﬁ
AT A 25 cm 91 40 cm B
mm—mmmﬁmm(,e ZScmGIZIEIT40cm)3?iWT=FﬁW{W6
ﬁm—ﬂmmmm%mmﬁmaﬁawwm%l




52 Oy & fagr

T IEHAUT— TR B FE H gHE (Coupler) T ¥ ¢ g0~ woraeh a7 wmeht 41 oy
(s) % WO et FF e 30 cm T At FH B wE TR

| ST 2.13— TF 4-5F Yarareht F iyt = eramyat, quireR Soft (Geometric progression)
¥ 1 39 draeht #t nfvfieEr (movability) 7T @A ‘

TA— A IR-93 damac A HfSA 1 A=gdl HE: a,ar,ar’ 949 ar’ ¥
WS r>1 8 A ar’ gl wE FH I,
AR r< 18 A o’ TIR B FE A
foredt ot fearfa o l+s=ar’ +a=a(l+r?)
qm : p+g=ar+art =ar(l+r)
NG & FH R, [+s<p+qg - a(l+rP)<ar.(1+7)
Ca(+r)(1-r+r3)<ar.(1+r)
(U=r+r?)<r WM (1-2r+r2)<0 W (1-r)? <0

T TR 1 e T WA T & 9 7 =1 DT FHR HEA R enagai sk e sw: g
e el TR gV dAEe @ weE g 3 R T R-IE SR e % fag

(a +ars )Z2(ar +ar2)

a(l+r)(b=r +r2) 2ar(l+r)

3T _ 7= 2r+r? 200 . .
T T r< | O SEESH 21 .- F T AR F AU FE w P T w0
§ 7,18 R T R (Feudenstein’s Equatio

L}

B o S G o 0 PR

Wuﬁmm@wwmﬁﬂaﬁm@ﬁaﬁmﬁmaﬁmmﬁ
" “‘With the help of this equation the length of links of a four bar mechanism can be computedr "
T g % fref yeR o . 9w 8 — '

P : K;cos0, —K,cos0, +K; =cos (0, —04) - . ;»..(‘i)
i a d d a-b% +ct+d?
.. a c 2ac il

e o 229 ¥ TR F: a,b,c T T A

Sfedt @ o TF W) T§ FEe W e HW ¢ e
0, A 6, Y TR, TR FA FRTE T nput__/
W%ﬁq@ﬁ(ﬂzn,9'41),(922,942)3211(923,943)*- link
_mm(i)ﬁﬁﬁmmmm%— /)




S T faedwo don wvemm 53

K cos8,, ~K; 088, + K3 =cos (0, -0,) (i)

Kycos6 4 - K, cos +K3=c0s(0,, -04,) ..(1ii)

K\ cosBy; - K, €080 3 + K3 =cos(043 -0 43) (iv)
FHET (if) | FHFOT (iii) 7 (iv) i e W,

K(cos84; —cos84) - K5 (cosh ,, ~€0582,) =c0s (8.5 ~8 41) - cos (85, ~047)
KI(COSG“ —'008943)'-1(2(00802] —C05923)=COS(92| ‘—941)—005(623 —943)
Klmxz%mmﬁmmﬁaﬁmmw;
Kl =Zl.x6 —Zz.x2 ,K2 =Z].x5 —Zz.xl

X1.X¢g —X5.X9 Xg-X| —X2.Xg
Zy=cos (83 ~84,)~cos(8,, —0,,)

Z3 =cos(82; ~84;)—cos (8,3 —043)

34

X =c0s84; —c0s0 4;, x5 =050 5, —co0s0 ,,

X5 =080 4; —c0s0 43, x¢1=c0504, —C080 53
K,wxz%mmw(i)ﬁwﬁvmmmmﬁmwm%u ;
ITTET 2.14—TF 4 ~ B STt it SirEvEaT & v $ge e stsege wior frer e §-

TEEmWW 300 . _spe > goo
. UTSSYT WEARTAITT  0° . 30°  60°
4-BF TAEEH T HYATUT (Synthesize) FiRwa
- TR ¥ vy Wi |
K088 4 —K;,cos0, +K, =c0s(0, —0,)
mmﬁwm(ez)wmm(m)wm}@%m-
(5. K1 cos0° ~ K c0s30° + K 3 =cos (30° ~0)

K| -0866K, +K; =0866 | | Q)

K -c0830° - K5 c0s50° + K 3 =¢0s(50° —30°) =cos 20°

0866 K| ~0642K, + K5 =0939 - : G i)
- K cos60° - K, cos80° + K 3 =cos (80° —60°) =cos 20°

05K, —0173K, + K 3 =0939 . .. (i)

- TR (i) i) 7 (i) B T FA T, K, 21.8321,K, 14204 71 K4 =027181
T F§1 H TEE (A a) THE AR R, aq4ig g =1



54 Oy & fae
™ T — K =%, d=ak, =1x18321=1.8321
4=
Ky o8 g LSSY Tagty
c K, * 1.4294
. 2 a3 i0n2= 23
- , K3=a b +c” +d
: 2ac
=\/—2acK3 +a? +c? +d?
b=-2x1x12817x0.2718 +1% +(1.2817)2 +(1.8321)>
b =2.3039
ﬁfmm@aﬁmﬁﬂm—-
a=1.0, b=2.3039, c =1.2817, d =1.8321 W

Wﬁﬁwm&ﬂaﬁaﬁmﬁﬁmmm%—
(a) FHeRT SR9TS

~ (b) 9 S, adl

(c) |t e (i AP ))

(a) a9 W9 (Function Generation)

Wﬁ%ﬁwﬁﬁ%ﬁwa@aﬁﬁ%wﬁrmmwmﬂm
Ffyer guis o staat gvemr wify &)

“In function generation, the motion of input link is correlated to the motion of output link.”

faa 2.30 # ©F AR 3 I9aeh Wi @1 9 3T w5t 4B,0 aﬁwqq?ﬁ%ammamxnaﬁh
F 21 36 FHR-ST[YE w1 CD, 0 a?rwas?ﬁ%ﬂmwaz
(depandent variable) y Sf¥ia st %I TRl y,x W el w2t R
A x @1 IR qan SAfm feafa swAw: x @9 x, 99 p @
AN y, A1 y, T TE 9§ W W ? fR 6, q91 x sk 0, e

y ¥ Tl wey R, ' + oot | link
n
0, —0,; .
Z_f_l=r1=ﬁ'qm$ 04
Xy —X) A
0. -0, fa= 2.30
G Y e RN 1 o

Y2 =i
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,mﬁezfﬁmezi=wwﬁaﬁnamm.mﬂwﬁﬁ,
04y TW O, = AT FH N W 7w v Foftg Rafrad

ﬁ'ﬂﬂmrIWrzﬁ‘ﬁ?ﬁﬁTﬂT(scalefactor)mﬁ‘lﬂﬁﬂa‘&ﬂi{qu L) %mﬁﬁrmm
fesme i W1 W 2

(b) 9% IV (Path Generation)

o7 AN F, e wdt (coupler link) W u& ﬂlﬁ @1 F7%g (constrained) @ fear wmar § W‘T
frar fow & w=el & wm war quiter 1

“In path generation, a point on the coupler link is constramed to’describe a path with
reference to a fixed frame.”

T€ TY HEIE: 99 1 T 9, aﬁnﬁmmﬁﬂ@mdﬁ'@am%lm(coupler)@mg

F (floating link) Bt R) ok wer & farg, o1 & W HWWR&W% HATEAR (correlated)?l
A, 79 T& v% EE T B

(c) ATt g ( fer ST ) (Body Guidance of Motion Géneration)
| St e T @ Sl ¥ T farg =) eafy qon st 1 it foreare 2 g i @9 &

Monon generation requires that an entire'body be guide through a preselected sequerice of

. motion.’

T 3TF FARM H S H ATl el B e i e 39 fagell ¥ S W G @t
RIS & Y e~ FH) T v g €1 & g, R o 3o o wifw frr wam a8,
W&Wﬁg(preclslonpmnts)mﬁilﬁfaﬁﬂ'{?’lWwﬁmﬁqmﬁsﬁﬁ?wﬁ :
et Ffe =Tam Al _

HEEAHH A 1 an FA F fan afiys fagst F Jeve @i S5 swEnh 81 W (range)
x0<x<xn+,ﬁnﬁ§@%mﬁa@aﬁm%mmﬁ§aﬁx aﬁmmmﬁaﬁmm

Tl 2— X;=a= bcose T

Eidl a= (x°+++1)9 (2{2 I)b——(xnﬂ my) qar j=1,2...n
. n

w4 fafy =t fr=r SeeRor g we-wifa Joen = wehar 2—

IIEA 2.15—HETRT WHIHIUT &1 WANT FAd GU TF 4 B forhet &1 Hyeiur #ifd it
A1 < x < 4% faq fimam y =x !> 701 0 Wh1 TG 6 0, = 30° F WEwsy Shvelt & e 90°
& I w@dt §) i iy fasg witeEn

To— M xy =1,x,, =4,n=3,j=12..



56 Wyl % g
=(xn+1+x0)=4+1=2‘5, b=(x"+|—X0)=4—]=].5
2 Z 2 s
mej=(2"') R
n ) |
E | g, 2X1=1_1 =2x2-1.3 3=2><3—1=§
2x3 6 2x3 6 2x3 6
- IRy el it = R e e o1 wea a—
Xx;=a-bcosm.6;
o s, x;=a-bcosm.0; =2.5-1.5x °°sg"1_420 anes_ur:

X, =a-bcosn.0, =2.5-1.5x cosmx 3

W25

N x3=a-b.cosm.0; =2.5—1.5x°°s:"5 =3.799
IR IR magz'%ﬁtkwmyq‘-s q,

yr=x" =(12)" 21314,

(ya=x,°=(25)"%=3.953,

yyEXY NG, 799)"% =7.404
sﬂazwmmﬁw#ﬁx =1.0 |
mwwwmmys_(xs)” =()"3 =1 )

wmwaﬁqnﬁxf_w

mﬂwwmﬁmaﬁmm” =(x )3 =(4)1° =80

mﬁqﬁmﬁg@xl,xﬂmhﬁmmhqum921,922a!n923 TN ARG
%mahwe“,eume“%‘lmmeamy FI O, TN 0, F e Fret T Zr0 ot d—

e2 _92s _X =X

20, A : ..J1)
S P P

e ot s Y " Ys ‘ .. (ii)

foram 31 - 02,=30°,0,,=0°, A8, =90°, A, =90°

&l 0,5, T 0, FU: $IGS U1 A FON F IR 7T



w& T freeror qam dvemm 57

Ax=xf -xs=4—l=3
Ay=yf -y, =8-1=7

s wiww (), 2220 _ X2 -x,

AB, Ax
- B85 =05 =A0,| 2751 |90/ ¢ 1y _ago
22 =9y 2[ e ] 3(2-5 l-2.) 39
I g (ii) 9,
04 —04, =A94[u =203 9531314433530
Ay 7
aw 0,3 —0; =A0, [—_("3 %))
Ax

=93—°(3.799—1.20)=77.97°

3R 043 -84 =A94|:y_3ii|
. Ay
=_972[7.4o4-1.314]=78.3°
qm 0 43784, =0°
WIER TR 9w (6)) TG H (0,4)
0,7 =30° 04 =0°

0, =394+30=69° | 0,4, =33.93°

0,3=77.97+30=107.97° 0, =78.3°

| TR & frees e |,

‘Qﬁ K2 =-‘.1_’K1=-6-1_'

c a

2 32,2, 32
e K3=a b +c” +d

2ac
I THIHOT § 0, I 0, & 9H WA W,
K, cos0 — K, cos30°+ K3 =cos(30°-0)

L K, -0.0866K, + K3 =0.866

..(id)

. (iv)

V)

. (Vi)

.. (vii)

()
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B SRR S

© . .® N o

i ¥ fae

W& 0, =69°, 0, =33.93° 9,

K| 0833.93 - K, c0s69° + K ; =cos (69°-33.93°)

=
Rl 0.829K, —0.358K, + K, =0.818 ..2)
[]
Tt WER, 990, =107.97°qAM 0, =78.3°F '
0.202K, —0.3085K , + K3 =0.868 - , ...(3)
ST FHHON N T FA W,
K, =0.0896,K, =0.12797 K 3 =0.7265
470 £11.0= | |
HAT d :l, = —_— =
K, 0.0896
1.0
c K, 01279
= b=+-2acK; +a* +c* +d* =7.76
T JHR a=11.16, b=1.76, c =7.82. 991 d =1.0 | ' I

10.
11.
12.

13.

14.

faf= woR & i ). F 9o iR
T fama & sfedl o1 an 3@ FA w1 w0y 30 fafy =1 Tl Fifw

. 9R Hfgdl 9t fG99 (4 bar mechanism) #1 37 3G (velocity diagram) sF = fafy fafaw

= fod Ft REd 9 R FF g F G #) @@= A # g Q w9 e @

= it o) T ' [UP 2018 (W)]

wWIH I W A F A 99 F R wWe fafy @ e

freq &1 3 smE s 9 o3 A afiman a1 Y W Fitw

T HE & @V JIRG@ g1 H fafy =1 ogvfv FHifw

T =W 99 $5F % R F1 A e @ 39w 91 3w R (Analytical Method) F1 @0t S

T IYEH W9 6 F G TUS H BT A7 91 W HA R dfwT oty w5 qui )

T 9R o FAEe F @R ARG H S w82 (UP 2015)

Th IEST e el (slider crank mechanism) ¥ 3 @ wied =1 fafy w1 guiq wiferal

(UP 2012)

reefors Yo = 1 IRWfiE FMAC 797 IFF OV F Ieoi@ RV TF TGV (four bar) FEeR W

fa=amg foa SR 39F AT YU FRY H FE S (UP 2013)

FAEferdl H1 WY (synthesis) TR o fo3 t wewEw ¥ s ST S smem s
[UP 2016, 2018 (W)]



15.
16.
17.
18.

19.
20.

o)

22,
23.
24.
25.

26.
27.

28.

29.

30.

& T favdreor aon dvegm 59
7 A F A (velocity) 3l wwo (acceleration) #1 Ieer@ X

[UP 2016 (W)]
H TR AFF (Four bar mechanism) # SN #t) [UP 2016 (W)]
%% Uwd (crank rockers) T fromof fard| (UP 2016 (W)]

frel % & 7 SR (Kinematic Synthesis of Mechanism) a1 sa% w0 ® dfars froof
i

&AM ® HAEA (Degrees of Freedom) W wfira feoqoft aiferg)

manmﬁww%?maﬁaﬁﬁmmﬁ%ﬁwwﬁmmmrﬂt?
f= Wr BT wEfE W e TR T R—

@) T FwH TvlﬁFﬁ (Double Crank Mechanism)

(i) %% TF @& (Crank Rocker Mechanism)

(iii) 6T FF TR (Double Rocker Mechanism)

Ivifw % f@m (Groshafs Law) 91 I9& Iohu0] (Inversion) = #fax Lk el
WS F WHIHW (Frudenstein’s Equation) 71 I8 3IT@M W g
T H GEER (Synthesis Problem) &1 it #ifsd)

fre W dfa frouht sifm—

(i) B SRIA (Function Generation)

(ii) 9 SR (Path Generation)

(iil) 1§ SRAT (Body Generation)

a9 W (Chebychev Spacing). T Wi froit Fify

T WgIUS dAEet (Fourbar Mechanism) #t fmm frefutfias #—

@) %% N = = 100mm,

(ii) IS TOT (connecting rod) = = 356mm

(iii) T AR FUE F F A g8 =300mm

s faf 15 FE gE 9w T HC R FH F v et o Y e w1 Qe fea w22

(UP 2013)
T AR A Fomeett § %% AB 36rad/sec R g #1 fie W e aw d— AB=200mm,

BC =400mm, CD =50mm 91 AD =600mm| AD fer s 21 39 999 =9 AB,AD % W9 2,
&% BC% w=n fag =1 a1 7@ sifww (UP 2012)
[S¥X—6.3m /sec]

@m%ﬂ?ﬂﬁﬁﬂﬁ%ﬁ480mmwiﬁ%3ﬂ120rad/secﬂ(3ﬁﬁ'€fﬁ¥ﬂﬁ‘ﬁ?ﬂ%lﬂﬁfﬁ'ﬂ?ﬁ
F TR 1600mm B 9 FF TR 3T I W 60° T 2, A WS W A0 qw AR Ve F @
fag w, 59 W = 31 < R, fewfd 9@ 31 W it (UP 2015)
T ¥R QU feids §# AB=175cm, BC =175 cm,CD =15 cm, DA =10 cm @91 /BAD = 90° fis
QB T% WA ¥4 ¥ 2 rps W fuwmed oferm @t ® fiw BC w1 wvia wro 3w it

(UP 2016)
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31.

32.

33.

34,

35.

36.

e % faw

w i 9rg Tl 9r o @l dafn faw 2.32 ¥ weffe &) FE@
AB=300mm, BC =CD=360mm ¥ AD=600mm % %
BAD =60° 21 %% AB,100rpm # TF ¥4 7fq ¥ g @ &1 g
Tfte F3) F TR a9 F¥ BC F Wi AN FE FAA
IW— 62rad /sec _

TF WE e gEet ¥ FF OB a1 GA9E Ve AB F e
FAN: 125mm T4 500mm ¥ TEES A § WA9H 0T & oA E
% GH gl 275mm {1 FF F 7 600 rpm (Feomad) 1 w@ FF ID.C. A 450 F0 geht € A 9w

HWA— (1) TR A F O, @) g G W, AR (3) WAw VB AB-F Hvig Am

[ —645m /sec,6.75m /sec,10.8 rad /sec]

T A dEet o 233 4 i@ ?1 %
CB=100mm a1 ®49&® TS BA=300mm R

A TUE & fR B'&Eﬁ%ﬁ'(}ﬂﬁ{ﬂloomm%r 00
& T feafs W, %% Afee Fi Tl 75 rad /sec o Hoig  A4--—
U 1200 rad /sec? Bl I FifeA— () fog g+ ofa 77777
AN AB 1 FI009 A a4 (i) fg G 1 =R 9w AB

H HIVIF R

[S¥— 68m/sec, 133 rad /sec, 414 m /sec?,1820 rad /sec’ (Eﬁﬂ“lﬁif)]
@ﬁﬂma@4meCDﬁﬁfwmaﬁmﬁﬂ%—w 25mm,
BC =875mm, CD =50mm @ AD=80Mm F& AD 5% & 41 HI9 BAD=135° 21 4t B &I

afmnaﬁﬁmﬁamsm/secz‘rﬁmﬁm(1)Bcﬁ;qwﬁ@mawamamm(2)ar€l CBa
CD #1 ®Ivig 3 aaq Hoig =on. -

[SX—167m/s,110m /sec?;89 rad /sec,870 rad /sec?,32.4 rad /sec, 1040 rad /sec? ]
IR TF WY A dEet ¥ e GAew que H oeral wuw: 300mmam1mém§ﬁ:

© 200rpm H FrE vfa ¥ @ 4 T HPR—

() o€ F% H1, M9 R sfuwaw I W@ @ L, a7
(i) = =1 atfapam am
[3¥R—75°,655 m/sed]

fll 2.34.@) ¥ @) T Fafe= SR & W) o3 dorafeal weRfa 1 5w damEet # e sl ) S99
e, AT (i) FH-TF AT (jii) THG-TR T FAN YT F FRO R W

10
1

‘(a) | (b)



317.

38.

15

for 2.34
[FTR—G) TFe-3h (i) ¥-Te (i) A0 11 1 s o (iv) o Eaq
WWWWWWWWMWHmmwm:WWQ— () Fge
U =15°, 30° WA 45°, (ii) HISTGE HT =30°, 40° A 55° e
[ X—AB=a =1 units, BC=b=0.74 units, CD = ¢ = 0896 units 14D = d = 0905 units] -
Wmmmm@@4mmmm (Synthesize) #IA1 1 A

1st5%ﬁQMy=f8waﬂﬁnsqua'aasez:ao"ﬂmm%w 90° 1 WrH T&dt
2 3BT TSR 0, = 0° A YRS =T & ey 90°mmm%ﬁﬂqu=1,3m 5 Tt




wyft st e

(Dynamics of Machines)

* Gyrosopic action in machines.

* Static and dynamic force analysis graph|cal and analytical approaches p o I

—

mmwmmmmwww%ﬁwawﬁm(mmfmaﬁ
T S H WA g w1 9= D T fawerwor quii o & sfad e ¥ fako ¥ neg wim 9
M H I T T Wil S 98 ST G

e WA A 37 A A FA R T TR T HFROT IHH T I A T B 3w
Fd F W) T & gON AR Ao gl F AAT0G B Q39 T H favewe o ww
fargetwur’’ (static force analysis) g 21 5T T P FEHE F BIOEN I Tge A ;W0
Wittt foan <3 A 39 YR & faweryor ' e &t fawetsor’’ (dynamic force analysis) Feamr 1

W FEE ¥ 79 @A SEAR W A AT a6l a9 3T SVE 61 TN i)

3.1.1. St-wewad @ faw (D-Alembert’s Principle)
" o 3.1 % =i m S R us e WSEl Fy Fy, F, 99 F, @ o9 TF S o FET

%lmwﬁﬁmmuﬁwﬁataWF%wﬁﬁvgﬁanﬂm%@hmwm%l 3 A H M
&g fem d

o 3.1 o 3.2

F=ma 1)
79 G (i) B 38 THR R fora o1 g R

F—-ma=0
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wméﬁvﬂwaﬂau’s%fﬁnﬁr ma ® T &, N 7A § 7R, ﬁmﬂﬁvﬂaawqﬂmﬁm
F ) 5 T § #@ 9 1 " 41 A S we frert fr w1 ggee o §) (3 3.2)
fog # ' @-udwed = few! FE 1 T8 SR o frada 9@ —ma B @ TgA 99 (Inertia
Force) ®&d

T IR F-Tere F Framrgan e we aver aftemd aw, sge o & e e fos
T A § T@ar g

“The resultant force acting on a body together with the reversed effective force (or inertia
force are in equilibrium). "

I% fram & s T | gee sl guen § wee % fag s RS ¢
3.1.2 =1 | Qg i S ATer 3 T AT 9T o

(Velocity and Acceleration of the Reciprocating Parts in Engmes)

fordl W9 31 s1gan eT=iges 3 (1.C. Engine) % Y¥=I T G101 31T &% A7 A1 =0T i
i stga dvafvs fafu g 9@ fra o1 w%ar 21 AvOfe® (analytical) fafy =1 1@ o @@ -
FeF-2 ¥ ffan }1 el &0 wea fafa g O 9o @O 9| S

- foot f & @ fFd w d s/ e e S s R

1. & &t WEAT (Klein’s Construction)

2. fieTeg #t €= (Ritterhaus’s Construction) a9

3. A9 @t WEAT (Bennett’s Construction)

Tl T0 T ) G g & AN a9 w0 9 w0 H fafy @ stermm s
(1) FAT Tt WEET (Klien’s Construction)

M T ISR M9 39 &) S4iseh 208 PC a1 % OC 21 91§, @m%@rmﬁemm
%wwmaﬁuﬂuanmrad/secﬁsan%afwmﬁqq@%laﬁwmaﬂwwmﬁﬂm
T S

= AR (Klien’s velocity diagram)— 5w OP % waraq &1 OM di=d § &t PC
T A TR W M R Fed 1 BE OCM #i & oo @ A e’ wEd €1 6 B oCM
OM 1 POQ,-CM||PC (WF ¥@1) @ CO ||CO (¥ @) 1 S

& e € R Rl T R & fag 3 s e OCP B sk B S fa 3.3(b) ¥ femmn
T R13AfE 3 SR FH90° T fn < @ @ 7@ AOC Py A efda dm el 0C,, 0% wnw C &
W A v B FeRia w4 AR OC F THARR B OP,,0 F VR P F A A4l v pp B Tefifa
UM T OP & Ta@q 2 Tl FHR C py, vpe B Tefifd F3M 3R PCF FARR Bl

& o Y 9w A % § fF B oc, p; 99 OCM WA )

oc, _opy 4Py _ i ' <
OC OM CM . )




64 T ¥ fag
a Yeo VPO . VPC
ocC oM CM
VCO = XOC, VPO = XM
aqr Vpe =0 xCM

| YR RN ¥ A aRw A i sl w1 A e o

3(
(9]

S
g
<
E
J
<
v g

. 0 Vro
fert 3.3 (a) ‘ fa=t 3.3 (b) 3 s

T T R (Klien’s acceleration diagram)— 7% 3G =1 YR 3R fean sRm—

1. WS C il % WA CM B % 59 o &
2. ¥& PC =19 &1 UF F9 @R 990 § S Te 99 H K 990 L R F B

3. KL ! faean aen ol a5™ ) 98 PO+ N W e 81 98 KL, Pcaﬁfaggwamﬁﬂémﬁ-

T 9g4S CONO o7 @ /@ %o 1 &R0 3w w8y 81

fed ™ forarg & fo o s H fa 3.3 (o), § Weffa e w21 T o & e

(i) o' ¢, 0. W& % i c ¥ = w1 IF (radial) Fe ey

OI

ago H FRIG HIM a° CO F FAARR M |

(i) ¢x, 5% 7 ¢ F WA e mm%;%m%_ﬁm |
WeH apc I Feia FIM a9 CP A CQ ¥ wAARR Emi

(i) xp', ¥ M ¢ % i fre o i e ¥ o1 & oo
W apc H TG FXN AU QN F TR W (0 ON LCQ)

(iv}o' p', 0% WNY f2T P& & ap, # WG w4 PO ot 3.3 (c) verwwr st

HAgG NO & AWARR Bhm Elai

TaA 2

e o 3% A o T & 6 T o' ¢ xp’ (TR ARG ) T TGS OCON (Rt 3.3 (a)
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: 06 LeX, xp 0 P 5 g i
Hd: = = | = fraare)
OC CQ ON NO | (w
!
it aco _apc _Irc _apg _ 3

oc co ov w~no ©®

r 2
~ Aco =0 x0C, apc =w° xCQ, apc =0 xON
dpo =0)2-XNO

mmﬁ%mmﬁﬁmﬁgmmmmélmmmpmhﬁﬂc
& W © (apc ) e TR e o W w2

g1

__.'c'p’z(,)Z. q fﬁ:mz
CN CN

apc=w2><CN
(i)mmPC%Mﬁ@Dmﬁwmma‘»ﬁQCMﬁlD‘,wmwﬁwﬁam%ﬁ
b, |
CM . CP ‘
.. g D= am, vp =0x0Dj

(ii)ﬁgpwwam'mﬁ%m,ﬁgpﬁ@mm%wm@‘aﬁ%ﬁrCN%ﬁgDZ
T e 2 - |

X T ¥FR D I R0 ap =&’ xOD,

SETETUT 3.1— ek TYIT $9 o Weitoreh qUe &t wrvamd 20 cm FYT e &t TS 5 om R R
mmﬁmwaﬂmm,mmwaﬁuﬁum,mm%mﬁngh
I =, TR theR IDC. /-45° ¥ 0T W ¥ 791 240 rpm W gnad g i

To—fea 28— =270=10cm=0.1m _ |

OA=5cm=0.05m,4B=02nr "
0 =45°,N 40 =240rpm

A J 38k -
=t S0 ik J O P

F B T ot 3.4 9 wefvha & et JOM 3 st w9 O4QR = s ) T8 (i) x5, AR
R (ii)xx,, OB % TR R (iii) x|, AM 1 74 fg R (iv) T 99 % %2 W (v) R, Line OB &1
A |, OM =43cm=43x10"2m, AM =3.6cm=3.6x102m

T OR =3.5cm=3.5x10"2m 2|

|
|
|
|
I ®40
|
|




66 TIA & fag=

(a) e & A AW WOT— RRA B ANV =0, .OM
Vp =25.14x4.3x107 =108 m / sec

N
frea & ap =0?.OR=(25.14)2 x3.5x10~2 =22.12 m / sec? W

o 3.4

(b)ﬁgxmawmm—mmmnmﬁgxﬁn W AM ) A x, Wi w@ &
x, # o ¥ foemm o W,

oxl =4.4cih= 44x10 ‘m -’
3, ﬁ%xmﬂ"lv =. ox1—2514><44><102

—110m/sec 3 I

ﬁgxmmmm%m@#mm%mnﬁ@@aﬂ%lﬁhARahxzmm
FAMWM W,

0x, =42x10%m
fag x =1 =, |
- a, =0’ ox2 _(2514) x4.2x1072-
-—2654m/sec _ IW
(c)mmwaﬁvﬁuaﬂmmm~mmméﬂ
vg =0.AM =(25.14)x3.6x 102
=0.905m / sec

FIUig A ®4p =1&#9—9£-4525rad/sec
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apr =(25.14)* x3.6x1072 = 22.75m / sec?

22.75

1 Qyp = 53 =113.75 rad / sec? IW

3.1.3 U T & UY=I0T TIf i Aot 3 uY /e
(Forces on the Reciprocating Parts of an Engine)
_ @Qﬁﬁﬁ%qﬁmﬂﬁmﬁmﬁﬂaﬁaﬁﬁ%ﬁﬁlsﬁﬁﬁhﬁmwm‘Gi‘imﬂ'r
m%maﬁmmﬁg&sﬂaﬁﬁ%ﬁmmﬁnwwﬁ—
l.ﬁwwm—waeﬁm%m%aaﬁmﬁmawmégﬁﬂwwﬁmgam%ﬁﬁ@
¥ wfifa w1 ‘ ‘
A mp =TT T F A ST F gemmt (R, #9 te f anf)
L K p="TTE TE A GRS H R =mylg
A TEW A R e St
| L Ve cos20
n

ap =ap =w2.r[cos9 +

} (HET 2 F =T 2.12 9)

L T IO A AW A A A Fy =mp.ap
cos29]

n

F, =mg.a)2.r[cos9 +

8 T ¥ R T sl T v w A s, 9 A i O3 § A oy

O H AT A ¥ T F A S W S F w0 T e, foered ¥ fres ¥ o e

m%.,mmmﬁaaﬁrﬁﬂumél'@ﬁmmm%.m%wmw,ﬁm‘
T & F Heg wal 21 T THFR

e wam Fp =T = $awR T sew T |
=F;. T Fp- ‘ (enfor o vy Ty €)
=F; FF; -R; (v wfe et w6 W)

-éraﬁmaﬁaam%m(—)iveﬁ%waw@m%ammﬁmﬁﬁam%aa(ﬂ ive fa=g wgew
dmd | '

T fg-frar gvam 99 9 A, ffed | 32 A
Fy =pi((4)) - py(4)= p\A| - p,(4, —a)
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R A, = a1 ey Fe a6 -
Ay = (A4) -a)= _ fire 1 % TES H T ST T H A
2. Hevor ZUE ¥ Irgfw wRiT aE—7g F, ¥ weRia g ¢ (3 fm 3.5)

PR/
cosd
: | sim” 0
™A E R cos =, /1-—
- ' n
- p
FQ-.————

sin? 0

n2

3. mﬁvma&éralﬁwwmmmwm!ﬁrﬂﬂm—m Fy & weffa s ¢
) %@ﬁaw) ‘

j 2

Fy =F,5.sin¢ F”
=F,.sind =
Sl cosd

xsing =F,.tan¢ { Fg = F¢]
e & cos

o= 3.5

4, hmmmaﬁmmwm_mﬂmmmwmaaF aha’mzaﬁﬁ
ﬁzéﬂ%lsﬂﬂﬂ@h%ﬁa@?ﬂmmh%ﬁmm%léﬁ%mmp,ahhm
m'ﬂm%ﬁ%aﬁmwaﬁﬂ,ﬂmhmﬁ%am%hmﬁqﬁnmmmﬂ
(2@ a7 3.5)1 - '

Fgﬁh%mﬁsﬁﬂ.

¢_x.sm (¢) +<?)

. F,
Fr =FQ.sn_1,(9 +¢)=-
S L Lcos




o W i 69
Fo ™ %% % Irfw a8 w

F,
Fg =Fy.cos(0 +¢)= ” ¢ x 08 (0 +¢)

s. hmmgﬂmqﬂ—hﬁam(ﬁ)whﬁqﬁm(rﬁmaﬁrﬁm
o ¥ Wi Tt ot w2 o 29000

cos¢ <

¥ 5 F'p(sine.cos¢ +c0s0.sin¢)
i LS X F

cosd

=Fp[sin9 +c0s0 x L, ] Xr

cos¢

= F,[sin@ +cos0.tan¢ ] r | i)
zqm%r%fmzsinq;—r sin@ :

sin ¢ —7 .sin® -w

and cos¢—\j1 —sin?¢ = 1—sm G__ n? —sin?@
n , :

sing _sinf n sin@
tand) = = b'S == =
cosg \m s/nz —sin 6 \/n2 ——'sin2 0
tand F1 AF THHL(1) ¥ @A W, % TTE

T=Fp[sin9+ c0s0.sin@ }xr

n? —sin?0

=F xr[sme 4 b jl | (i)

2Vn? —sin? @
‘ﬂﬁﬁnzﬁwﬁsinzea@m%m;mnzeaﬁmmﬁm%m
sin 20

T=F sinO +
pxrl:l 2n

]:FPXOM |
lm32——ﬁ'ﬁ'3ﬁﬁ%m@aﬂ'§oﬁoﬁ?ﬂcenglne)wmwaﬁﬂiﬁl‘@?

=0.175 cm, €& = 0.2m, ¥ TE = 500 rpm, WA U Tl TS = 04m,amaaw =T.D.C.

¥ 60° 9T Ty T Y ATer 3T oAt XEW =180 kg |

- T—fR@ —D=0.175m, L=0.2m,



0 WA ¥ faa=
L J
r =E =0.Im, n=500rpm
37H: co=2nx500‘=52.4rad/sec,

< [=0.4m, m, =180kg
WA T W TR 3ge dveifvs faft g7 e yeR 99 fea W g i—

1. mftea fafir (Graphical method)— wa5aw &7 ww 3fam dur e faa 36 1 wifs R 5
WO IR TR T AW W,

ON =38mm =0.038 m

- a,=a’xON=(52.4)* x0.038=104.34m / sec

W EfF e a
F; =mp xap =1'8?0x1.04.v34l |
- F; =18780N =18.78kN = 5 IW
7. &vdfiras fafiT (Analytical method)— &1 A€ fif Wl qUe i T qen ek &1 SFqUM
! 04
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SgE T F ‘=mR.m2.r[cosB +c°829]
n

=180(52.4)? x 0.1[cos 60°+ °°522°°]

=18530N =18.53 kN ‘ ' I

T, 3—um dfow Yo =it Fee o g v 3oommtmm 3iTit =T ZEAWIT 250 kg &1

o %% LD.C. ® 60° W ¥ 7 fez & S o & 2t w1 3 0.35 N/mim 2§ | oo Tue &t

wad 1.2m 97 Fadust 1 =W 0.5m &1 $9 @ iy 250 rpm wuT R 83 @1 = Ty wea

-wmaﬁ‘-(l)ﬂmwawﬁwmuﬁl&ma)mmwm(3)a'mﬁ=mtwvﬂ"aw aon
(4) %= e Wt guis ol

m—-ﬁm%—r =0.3m, my —250kg,6 =60°, Ap = p{= P -935N/mm

I—l.2m, D =0.5m, N =2501pm

q : =21t><250 =262 rad/ sec
wdT &9 fireT YA I19 F—

fred W 6 R F =(p, —pz)x%Dg '=0.35><-’::.(500)2 ~68730N
a4 S, g n=i=l'—2—=4

WEE T FA AR S W w

cos20 jl

F; =mR.o)2.r|:cosﬁ+
n.

H

. F, =250x(26.2)? x0.3[00s60°+C°S:20 ]:19306N

fireed S F, = Fy —F, =68730-19306 =49424N ... _

,v.“

=49.424 kN
lwwaﬁ:ﬁwuﬁlﬁm——m¢ @E%@ﬁmﬁmw
CC I | ¢'_S“‘° S_‘nfo"_ OE;66._02165 T p=2s

| Fy =F,.tan$ =49.424x tan12.5°=10.96 kKN * - .° S
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2. 49T 0T W qE—

F, 49424
Fp=_F

cosd cos12.5°
3, 'Em;ﬁ:wwwffwm—

Fr =Fg.sin(® +¢) 50.625in(60° +12.5°) =48.28 kN
4. = vitwe W yuts qui—¥® wie « s g T=F, xr
' T =48.28x0.3=14.484 kN-m

=50.62 kN .

3.14 WHGEA Tiferen Prerr (Equivalent Dynamical System)

TW I P ANE N T ¢ UGS @ U0 W T FALF A
YWIE: I8 A ©dl ¢ 76 g5 five & wm W S g R
T T R T fr—

(i) T s=HE F1 A, g3 fve & geEH ¥ R 8,

. (i) B s T oA %, 3% U & o s W A @, a4

(iii) SR 1 ITh T FRl O IR TS SN F1 A fyve
¥F TR e vl & SR

& IR A feafrat wge O} a9 U e ! angen e
frara'’ (Equivalent Dynamical system) e <1 9ehdl 81 W1 T% 3%
ﬁmmwﬁGé fom 3.7 ¥ weffa &1 w1 m=fvg = - faw3.7
SSHM,

!
A

dy —>

L 4

|

|

I

i

l—

i i
] 1
! E

® ©

A G

je— | s|
| 3

kg = Eﬁc—cl%ﬁ:Gawﬁa qﬁmﬁw
my T4 my < AT T T
)y TAC], =R g TEEA H e Fl 9 3,
=30 s % We R @

da. I VAl & ATER
m, +Am2 =m 159 3 )
mly=myl, ..(ii)
e ()2 +my(1y)? =m(kg)? S
e (0) 7 (i) B,
' = ml, T my = ml,
I +1, I +1,

my 9 mz%muﬂw(m)ﬁr@ﬁw
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m12 2 ﬁlll
/ =m(k
Q +12)( )"+ L+ (13)* =m(kg)*
R .1y =(kg)? . (iv)

T THH TN TR F T W s e s € Rl P i wuges
(Dynamically Equivalent) & s #)

3.1.5 O aar difiew ﬁ'g‘ﬁ'tr (Simple and compound pendulum)
fat 38(a,b) ¥ w9 ©F WA q° wF FE
ﬁwwﬁh%nsﬁm@mqﬂﬁwm Ed

-
T UGETH—(i) IT$AYU (Moment of inertia) -
I=mI?

r

(i) e F1 (Periodic time) £ = 27 |~ 2
| g

(iii) 3mgfq (Frequency) n = _; _1 /g

2n VL
mﬁmﬂgm— (i) Aot 7.=m (k; +1f)

ki +1f

gl

N .
1

(i) ATEAHIE £ = 21t

: (lil)aﬂﬁn———— &h

2n\ k2 +1f

T—(i) k=G (6= FF) ¥ T a0 My T90@ | o=@ A W i f50 (radius of
gyration)

(n)ﬁﬁgﬁqaﬁwaﬂﬁw
%
Kgl”l =L =3 ¥gem H wH T ¥ ﬁqmﬂwa&mgwm (equivalent
1
length)|

IETRA 3.4—Tah WA < (connecting rod) &t B R W w1 747 § war gt wahy
(mass) 42 kg ¥1 7z &1 Tom% B fat ¥ 700 mm Th W {1 9y gt smadsTet (time period)
2 sec B T St Wfer e wHgew e AT (Equivalent dynamical system having two mass)
e FA et gt s deh o2 fat w i

To— fom 2 — I; =700mm =0.70m, m=42kg T f=2sec
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K41}
gl

k2 +(0.7)?
=2n g)_
981x0.7

1 k7 +(0.7)°
2  9.81x0.7

’f-l.

g AETIHA ¢ =21

T FA W

k7 =0.20577

- k, =0.4536 m
3T T, aﬁﬁf{‘Amwﬁrml,ﬂ%ﬁﬁ ‘B’ W Hefd = =y
R RACG)GHF T =1,

T 9 € f

h.ly =(k,)*

k)% (0.
Iy MULARN, 20977) _ 02939 m IW

l 0.7

o mly \ 42 x%0.299 ~12.42 kg —

I+1, (0.7+0.2939)
m2= mll _ 42)(07 58kg . e

L+l (0 7+0 2939)

IR 3.5— T T 391 it wolwis qve & e & wem e 300 mm e
&) FHaT FEAWI 15 kg TN FAWIT W Aot 7000 kg-mm? §1 g Toe @
#ﬂﬁ%ﬁﬁ%%ﬁﬁzoommaﬁﬁﬁwtlwmmﬁﬁm@ﬁm \J_/
mmmmﬁmmqmm uﬁ%ﬂﬁ%hwz‘n 200
\¥E—fam — 1=300mm,m=15kg; [ = 7000 kg-mm2; I, =200mm
mmﬁﬁawﬁmﬁhmm%—-
mkc-mmﬁmCGﬁmaﬁam%Qﬁﬁ vﬁmﬁm
T WA € R I =m(kg)?

7000=15(k )

kG =21.6 mm.
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© I T WHgE 5o B R & % W afere e gm 5 G A 1, g0 W &1 (W
- 3.10)1 T 9 ¥ 5w wugew v fram ¥ fg,

Wiy =(kg)? é R ,_,_é:j
. _(kg)® _466.7 ; !
2 I, - 200 fe— It —pf—— 7 —>{
far 3.10
=2.33mm
A, m, =B fR W fem oM
| m, =Teed ¥ G A [, T W foua gomm
™ 9 ¥ m = ol Dnde =0.17 kg IW
- I+, 2004233
- ' iy ml - 15x200 —14.83 kg =

I, +1, 200+233

| quttargeit ar guigett (Gyroscope) wa gt & wit frft awg 3t it Reafir (g ) & wmas
| ¥ & T ¥ g Trantafn Siufia w8 & W & fagrw W amenie ¥ gwer wan wt
E TS G§ T T wA qgl W AT F g §1 A TEsa g o it g adt
(precise) ¥ g &1 |

“Gyroscope is a device which is used to measure the angular position (tilt) of an object. Its

mechanism is based on the principle of protection of angular momentum. The use of the rotor is
where the magnetic needle does not work there is also navigation. These are also more .

premeditative than magnetic needles.”

3.2.1 9T (Definition)

HUTTHER ar SR TS QAT R wvar g ufen
Jgar Wl (mass) ¥ S WHEAE (universal) ¥R & 39
wife Wisve faar T (mounted) § T Haer AT TE
¥% (centre of gravtiy) feer fearfar & v gu fenedt oft fepm
W g3 rgar gW At ¢ <@ o+ 311 -

TSR T (gyroscopic motion) ¥ 3T<HIA &g
vz faw FA & Wg-|1 T T (curved motion) St

e &

o= 3.11
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ITETUT AT ITAT (Applications)

| TR TR U S ga e R (spin) A g0 Teg @ I [T & Wa-M T ofy
§ 31 fret Are | T F oraTa I O A9 3F * UfRY, FR, Wl Rfher, The a9 e §
fieq AR A9E W FE & SeR (propeller) 91 ERIHFIE (gyrocompass) X ¥ SRy
¥ fagr &1 ST B §1 $7 Wi ¥ SR % g9 r@ifsa (undesirable) B € FEfE o
¥ 39 UE g ONSEE 9 I W 21 T STEM AR HEErge Sz e
(intercontinental ballistic missiles) 7 g2 fraf=a feehi< (radio controlled helicopters) e ¥
st g 21

3.2.2 YuTigEsit (Gyroscope) & feam ' |
3,12 SRR 1w R e &1 v @ ol A7
B¥ F W & vfew C ufrw dfed @m ?1 7% dfedn ad o
fin B W S fafol w ¥ € ok R % fau @ ¥ o B,
fin AR e ferafan gm0 foam &1 wfereer et R B 1 farafiet e
90° W ¥ fail wfed qof WA (assembly) 30 it aifest faafili W
frar 21 ufrae 9 TfET R R & sAffE a8 SASA R H At
g a fn 4 F $E AW W W T 2 . a

W9 S fer € @ vfee w1 ofeee e of feem w3 i 1
(point out) F EY WA B Fehal ¢, e waow a1 FAvaret form 3.12
1 o H5 R e R |

Ifs vfew ) o A TR @ Fr TER F weor e an i —

FATARGRIT & YT, WHTE aaT fAgr (Characteristics, effect and principles)
1. qfew =1 o N 9 SRR & ufrde @1 fem W ufitedw T e, T & W F R A
fipeT € BEaR TE Y| 9E e FTEREIGT WS (gyroscopic inertia) % o sreRfa a2l
2. 3 e for w1 = e ¥ |
(i) SRR % AR SW ¥ TRa: a9 T IR A e e o e I
(i) SRR R T o F 9Ra: a9 @ W @ 76 s o % o g S
SREEER T AT ¥ S & i s s s g F ofw g e S
(Precession)’’ % & wg
i faam @ SR % fag (principle), I9E (effect) 3R el FEem #)

3.2.3 SAtgrITue: nfaat (Gyroscopic motions)

3 Fuita TRt (Precessional Angular Motion)— &7 S0 § f& w7 & we ot 1 L
e F T R Fi T we $) i R T wew T ae e et s g e
foFan <1 @l R




o O fewmn St fast 3.13 ¥ wefifa #, a1 ex (R o areren
g Aa ft FE ¥) F i gw @ A 3 W A

fgm A (Anticlockwise) € 9 T8 FOH ¥ TRA F wE \*“*‘# »é:‘
oaE ¥ o BT 3 d um WA Tl -

qmmm&#mm&aaﬁqwﬁw?ﬂmo 5‘; @ b=
'c!'ﬁ'UTtR% &+ e waﬂ(m+8m)ﬁ§ﬂmﬁlmﬁmmﬁa Axis of spin Direction of

fram AT HT W fews F wrfsrs wofa 3 (o), N I9K ox BW for4.13 "
wefifa ol 1 T 21 fem & st ®ofa 3 (0 +50) F IR

ox' I WEf¥id fiFan S wehan R1 (3@ s 3.13)1 FRT xx! zs:mﬁan‘mﬂu'anﬁqﬁaﬂﬂmhm%

it o B SR I §1 AR aﬁ!ﬂm @ox#mamwmmﬁﬁmw
& B

ox fgen & wroflg ©w =1 wew,
Xr _or—ox
‘o e
= 0x'cos80 —ox _ (w+38®m)cosdO —co'= ®cosd0 +8m.cos80 —®

ot ot St
fH 50 ¥gT B ¢ I: cos50 =1 T@A |, iy

m+8m—m=;8_o_)

t =

St ot
60T LU(S“’] o
" St ot dt

ox H = feon ¥ FUig O F WLH

o ¥ _ox'sindd _(0+81)sind0 _awsind0 +3wsindd
© bt ot ot - Bt '
Fifw 50 wgd Bl 2, 3: sind =50 T R, B

_@.80 + dw.00 _®.50

5t 8t
51.50
- F1. BT B4 H HRO TG qH W | -
t
WSI—)OQGC= Lt 0)89 = xﬁ:m.wp
: ' 5t—0 St dt

%ﬁmmaﬁvﬂqwﬁwxx':a,macﬂw&m'
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dm dd do

=— WX —=— 4@

» at o dr d
°d9 memﬁﬁaﬁw%uﬂa HIvitg A € I AW, IV GHAS F Taraq e vy

fawm o om @ {1 ol el Rem v i am (%‘3), W Wit AT (Angular Velocity of

Precession) FgaT @ 94 o, ¥ Wi e #1 a8 o, faak ofa: fort ot gl 2, amr-arer (Axis
of Precession) &<l 31 370 318 (Axis of Precesston) ¥ ufta: fo a1 1 St iy 9 o1 Frofry
T (Precessional Angular Motion) F&d &

ME— . 3 9 39 Gl % ol et faad for are ol et B

z.uﬁmmwan,mamaﬁmﬁ@ﬁrﬁaamﬁmmam?wpm%m
| ' dt
o, W= aAm

3. 3k fo # woig 1, WA ¥ Fram wg few ¥ wfafa @@ @ @ fem w1 Inim =
o, L = 0.0, T FT R o, B “Tx'l'rs'{’l'ﬁﬁﬁai‘m” (Gyroscopic Acceleration) F&d 2|

dt
3.2.4 SIS T (Gyroscopic Couple) -
w1 o foww, e st 0X % R e
® rad / sec % FHIUG 37 ¥ YU @ {1 g égé‘f/
T ammE o | e
fa7 314(a)) FTF 98 guae o, fe=n . F

M @ R, 99ad YOZ % QAR © o B Axis of

T T wwae (plane of spinning) | ' a;:r:e E

T T KOZ T A et - Pz I

 fom e F wRa: e wwaa ¥ Axisof | N Planeof
precession| - - . ¢ x' _ precession .’

AR T 99961 3 gt 81 R =) :
¥, fort .= 31w oY ¥ wRa: Fiofta am e RS AN

: 5 } x  _/ Direction of
®,, ‘rad-/sec N AR EA AN S Jhaw R, 7 Asofspin Disc | viewing
TE dfds Twad XOZ % quaet (plane \_AXIS of reactive gyro. couple

of precession) 741 oY % WW(axns - | " R ad )
of precession) &l 81 © 3 £ Vs » C o eea
W [=0X % W mwmmmmm

W= %ﬁmaﬁﬁr&ﬂ
fows @ @t W =Lo
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i ot i o e T o T8 A ox ¥ a1 (R P 3.14 (b))
FW A T W R 3w O, 31 OY ¥ wftw: s (Anticlockwise) 9 97 T &1 7 R 1w OX
wHAE XOZ ¥ 8t 773 ¥ D1 W Hm 50 yuaw T fufy Ox' W o ¥

U A oW FrEm A g, ow vl @i w A9t 0x' A TRt frm w2
T Wy ¥ TR = ox'— ox = xx’ = 0x.80 (xx' 3 fem H)
=].0.60

o el ¥ ot A = 1m56°
14

e Frofta g8 ¥ vfad 1 @, mmm%m#mmlm e W e aen
aa‘g'm S 3 (precession) I &M

C= Lt Imx@=1mxd—e-'fmmp ( ﬁ—mp)

810 ot . dt df
'ﬂﬁmp =R a1t ) SN (precession) F ol A 1 g 3141 F 1w OY F v goR T SI
Units #, C %1 A& Nm S ssfis 7, kgm? & & B
76l 7€ o w2 G — '
1. 39X xx' # R A, so g Lo, @), Tramiier STEERIfuS: SO (Active Gyroscopic

Couple)mé(%@fﬂaslct(b)nm;cx mxozaw%ﬁamﬁamna@qm
faem 80 & fou v o' SEIR WA XOY ¥

TIE B T YR Sl gdnd wftedt s A
TG, AR XOY # i fas 3.14 (a) § 9T xx'
FHaE XOY ¥ amrad eyt wefdfa wim o wwew i
Xoy oo Mo T S A e € Gyro. Couple | |
T W 0z, s e sagw wE @ 2, @ O m?’n'(b)-f
foramsiier sTeRRRIfte wergT @t o1y FEd €

Zﬁamﬂwmﬂﬁﬂﬂqﬁ‘nm Y 7ift wTa ¢ A fewh W AR S (reactive couple) FH
m%%hmmlmm wmﬁﬁmﬁwﬂa@ﬁl%mw < feer W wEka B
S o s, o aAe (axns of precession) & fE: e §, wfafiFar SRS S@g™ (reactive
gyroscopic couple) FeeTal 21 3 & fo 3.14 (a) ¥ 07 ¥ wefifa 21

3. SR e W mﬁmmmm%ﬁhwﬁﬂm%lmﬁnwwﬁuﬂa
I F WY Fw@ R

4. IR fagr %1 vam ¢ m"mmﬁmm%m%mwﬁﬁn
TG B A A F A TR B OIE F TR N T S {1 3 W T s,
AR, ARG i A oA @

X' Reactnve gyro.

. Couple




80 iRl & fagra
-3.2.5 U AYAH W AR SO T THE

(Effect of the Gyroscopic Couple on an Aeroplane)
@Wmmﬁamﬂq@mﬁﬂ31J(a)ﬁﬁﬁlﬂélﬂmmmmwmmlleﬂ
HiICGE (Clockwxse)ﬁwﬁ ™ @ ?I % 39 frea fR (rearend)ﬁi@‘ﬂmtl Wﬁ!ﬂm

AT =T H HIUT A7 (rad / séc) B
m=$5 791 MUK 1 579 (kg ®)
k = sui/aftymor fiear (m #)
[ =354 a1 SR SR e sl (Kg-m? ®) = mk?
y = aaH GRS (m/ sec H)
'R = oskarl = (m #) .
®, -maﬂaﬁvﬁﬂaﬂ——(rad/sec)

I ammqtmmﬂmﬁﬁwnc =l.0.0,
et W TH W T, meoxﬁmélmﬁwmwﬁwmﬁa

SR AR B G4 daX H R ox' #
tfafia = 2 §1 3@ 5 3.16 (a)) R v’ , FUA
& A fada F wefia Fa & 99 ox % A B
3 @ vER fRanie SRS Sag w1 qEa
. XOY, xx' % @aEq @M & franta Sedeeniie W‘mm Wﬁm
Seg™ #1 fewm F fomadt (Clockwise) TR 31 (@

fax 3.16 (a))!

(8) (b)
fer 3.16 (a)
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giwﬁﬁ.ﬁmw*m,mwzﬁmmmmmﬂm
(Clockwise) BT ket 2%t i 3.16 (b) ¥ wefifa 2

mmmsﬁmﬁmm%wmmmamm
g amEd (anticlockwise) A W T & 3E ¥ aEe 9 A (nose) 337 A Y (Tail)
Ll i il | ' '

| mmﬁﬁﬂammaﬁmmmwﬁﬁuﬁrﬁmﬁﬂﬁmmmﬁa
a@q%mﬁ'?ﬁ(nose)’fl‘%ﬁﬁ’ﬂﬂm‘t@(Tail)WWﬁTﬂl

3.2.6uwﬁtmwwvﬁh%a\mﬂmﬂmﬁa;mm
(Effect of Gyroscopic Couple on a Naval Ship During Steering)
ﬁa3.17(a)ﬁm=ﬁ%mm-mﬁwmg@mmﬁh%|
Th R T F Th T (curve) § s a1 eff qrg

\'.

'ﬁ'\?ﬁ;ﬁ feaft (steering) Fgd ¢ 5@ et 11 93 @I : : Transverse
T B

A T RIS A W T 7@ ® (P 3.17 (b)) aen SR
U (rotor) Tfaromad (clockwise) ¥ W@ 8 w939 viewing _
TS % fEw 4m | @ w1 ¥ e w (ngfg‘nd')
STERIEHI ST & N F) agAH S @ wwE
I gHd B

& VX SO g R, o9 swE Wi e

. " Top view
émoxﬁwﬁﬁmuwmﬁWme%' »
T4 foramiter STaehifis aerg sa. dae 91 59 ox @ E
ox' H M FRA xx' 3 GHATeiet IR e o
H FERIT FHIM TG ox T LR T TFR Frarier Frontview  Propeller
ﬁmﬂmﬁﬁmmmm,'xx'%mmm A
- T W, oz W X 9@ Ty W ¥ fav, <o a1 3.17 (a)
(clockwise) Erit <@ fa=t 3.17 (c)1
- Axis qf Axis of active gyro. oouple_ X :
q sauple
Direction of S ‘De"‘ tum )) © ﬁ: feeaftr
viawng 1/ ot S | Axis of spin Active gyro. RPLEES
S'Bl‘l'l—. : X couple (o) x
X
To view (b) < T fieaftn
8] [C]

fear 3.17 (b) fa 3.17 (¢)



82 WA % fawm

mmmmmmmﬂmmammm
(anticlockwise direction) ® &I 39 wfifsean mmmﬂm I W #! IS 91 figy
9 P TEH HERM
o et A TRRERRE A < T e & @ SR Sl SEgE AT e F
qI H AN q PR W ® 9™ F A

3.2.7 2 ufiE ATE W AR e o R
(Gyroscopic effect and stability of a two wheel vehicle)
ﬁﬁ317(a)ﬁ@ﬁmwﬁwwmmﬁwﬁhﬁmwélfaﬂ@mm_
"R =1m % a1 e, -
m=aEd a9 9OR, F @Y e, :
h= amamm%(cg)aﬁ%mﬁ
Y, =dedt = e,
1, = v gy 1 wefa srgarpf, -
Ig = ﬁﬂ(engme)%WWﬂﬂﬁﬁimW
0, T ©f = Y wied a9 T BN o,
| 0= iﬂa(heel)m(wﬂﬁmﬁﬁmmwﬁﬁm),

= 2E — firR oW,

,,

.

V=W, Xy, —Wﬂi’ﬁ’ﬂaﬂl
(i) SffwaT (reactive) STEhITYS Fag™, (ii) TTF=l 5 F, F FHRU a?rgm LG (111)313?3‘“
W%w%mw%nm%mwmmmmél '
(i) SffraT STareR T TG (Reactlvcr gyroscopnc couple)
el 1 HE AT o, =v/r, "
q: T H HUHE 9T o —G.mw=G.l -

/

1@\ el FOMT I (angular momentumy =1, =2, xmwile;xm; ‘

. A Py AR |
' 29 e, - ’
| I, =l(21" +£G.1)
W%WaﬁwﬁmM%wﬁﬁﬁmﬁéﬁmﬂ)mwﬁqﬂa@im(—)m

SRR R
)
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| ﬁmﬁ(cuwedpath)ﬂﬂﬂﬂmalﬁﬂa’aé?ﬁfm(vertical)ﬁﬁﬂﬁﬂ?rﬂlem(Eﬁﬁ'*ﬁa‘ﬁ

3R) g W R1 T W (0) G F1 H01 (angle of heel) FEETN 81 TH FFER A H o e A

T | 0 FT W FF F FRO Fofg AT T AR Lo T ox D O B W FHA § TR A

(precession) F 3 o-z FEATR B1 AT Lo F 0-x T MR TeF [.acosd T FW T o
SEERIfUS s9g™, C, =1 .0.cos0 X,

v v \Y
=—21, +G.1;)ces0 x — - " PO, =
) r(o( = E) R ( f R)
5t -
C, = (21, £G.Ig).cos0O

R.r, |
7 foRamefa (active) SERERIRE: ST TRFRT (clockwise) fawm # 2136 o7 3.18 (c) | 36 ¥R

m(reacnve)m&saﬁﬁa;wmﬁmﬂ (ﬁrﬂ 18(b))mmﬁsmmﬁswm
C, & TR & T

B

@ - (b)
o= 8.18

(i) 3T qS F, % HROT TG (Couple due to centrifugal force F) |

FIH] T (F,) Te 79N Tl WIHR @S % (C.G)'W, (35 % F% Ft o) & & e
R (3@ fax 3.18 (b)) |

Fc=mv2 / R



84 WA & g
2
F. % FRO 3% F6™ C, = F, x hcos 0 =(%Jhc0s9

(e TTI Tam antlclockwlse)

(i) FTET o T W % HRUT TG (WY WY ) (Balancing couple)
- fa 3.8 b) F IR,

‘ 'ﬂ'ga'a;aﬁ'g'rqca =mg x hsin® (AT TR clockwise)
3A: e H1 et (stability) ¥ ferg,

HgEF S (Cp ) = Fd oA Al (overturning) SEFW (Cy+C,)

g d T + ‘ y
mgh.sin 0 =%‘:(21"’ £G.1g) | mh].cose
4 r ;

®

TG T 4, am‘—r%aﬁm%faq mmﬁmwm(angleofheel)emmmm
=

m36—150mmwm%@m%ﬁswmm5kg Y
- TR S e frafti & dfter ¥ fsrar w g ) fewn, gt %
* ufa: 100 rpm F Fre i & v &1 wafs g, Seatew ¥ uR:

60 rpm F TH WA AT W {1 Ui fevmei m w30 ¥ K é, ........... ‘-r-)x
feraar wrar &1 af i faraf & s @100 mm B A |

i %muﬁmﬁaﬁnwwﬁvﬁuﬁﬁmmmﬁwﬁmm -
_ 3.19
T HiferEn
za—-fw%—d =150¢fn A = 75 mm = =0.075m, m=5kg, N = lOOrpm
Q2N 21tx1000

=104.7 rad / sec (aM™mEd)

60
| ?11' » %=2’F6’;60=‘6,284rad/sec (m)

x=100mm=0.1m

mm%ﬁmmmmwﬁmmmma@ammm%m |

1—-%mr —%x5(0075) ~0014g-m?

Fq: fsa‘ w mmsﬂﬁ»‘rﬁa: ERRL
C=lo.o,=0014x104.7x6.284=9.2 Nm
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mmmﬁf&mﬁas.zow)ﬁwﬁhélmw'%mmﬁwﬁnm
A F 99 $ F1

ﬁaﬁaﬁﬁ.’m.ﬁa&zou)ﬁmﬁh%lm%ﬁ:%m%mﬁuﬁnﬁmamnﬁﬁm&
O RA‘W‘RB%mﬁw'ﬁﬁwﬁrﬁ%qwﬁ%m: R, 9 Ry RN o

Ry =Ry =§ =2.5kg=245N

Axis of
precession

Y Axis of active '
I I couple -
F i F — 4 X" \\ Reactive gyro.
J 2z S

Couple

. Active
Gyro. Couple

o)

Re

@ b
' fer 3.20

. v frafin W aRemdt gfifwar—ar R, Rp = faaftl 4 9 B R uftomdt sfafsrand
i Sfifshan SrEreRfes SwE, sfomad fem § fr F 8, 9w Q@ e o &) v e
faft (4) W erwa worg fafshar < s w1 9w <R R (B) ™ soE e SRl 3 T2 5
| Ry =F+R,=92+24.5=116.5N (I #) | IW

aan Rgi=F —Rp =92-24.5=67.5N (7= =) I

R 3:7 Wt 35 T 5 T T o FA 7.8 2 & e g gt v 0.6 m ¥

2000 rpm 9% Sferomad (clockwise)-W%lmsﬁm%ﬁEﬁ T/ T AT | RS
TEG A FA A TET 100 kin / hour 3 3T F <Horer & 7 80 m Firewr 35 7w f whelt

gwar § 5 | |
w— e R, m=7.8 T =7800kg, k=0.6m, N =2000 rpm
v =100km / hour =27.8m /sec., R =80m
Foftr 0=25%2000 505 aqrad fsec |

3 A F T s et [ =mk? =7800x (0.6)% =2808 kg-m>
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i * s

v 276 _

qo . A HONG A ‘@, "= — == =0.3475rad / sec.
, : R 80

SRS ST C =1.0.0, =2808x209.44x0.4375

=204367.3632 Nm
=204.367 kNm m

o TR & fr @ e fened g & qun s 8 R 3w o & @ Srere, e a0 o
SffFa TS Sag™ F X B S AW { I3M @ e ww e m

N

© ® N> o s w

10.

11,

12.

13.

A-remad w faw W= A
TR A T T F T N w1 AT 991 =0 9 H g g (Klien’s Construction) fafy

w1 v A |
T T % OUEW M F A o W WM, A e w1 fa e dfa aoi #ife

g 7o @@ (Equivalent Dynamical System) fFl #ga 2?2 fa7 saE == ®ifag
TR wvE aq e faer gl . |

fo (spin), IEGW qAN A (SHTA) (precession) % TS H HEARA

S fag % ST % SeERw Gl

T & TROERIYE TRE # e sl [UP 2016 (W)]

I =H R TETA A QW qeT § I e H e Fi "~ (UP2010)

mﬁa@ﬁﬂﬁﬁﬁmﬁwmé?mﬁﬁﬁmamsqﬁﬁmﬁmaﬁﬁm
el ' : [UP 2018 (W)]

T v T 3 qO WAE S FE: 150mm 99 600mm &1 F% LD.C. ¥ 60° W E 7
300 rpm F).TF WG At ¥ W W@ 21 T W= (Klein's Construction) SR I Hifsa— () fred
1 37 a9 R, (1) e Tve % wea fag D e R, (I]) Tt €U I HIVG & T

FHUT =TI

[B¥—4.6 m/s, 61.7 m/sec?, 4.6 m/s, 93.8 m/sec’, 4.17 rad/se, 214 rad/sec. ]
T Uy S ¥ Ty ¥ e e Wa ga— 3

(@) fires 1 =@ =240mm, (b) BF =600mm, (c) e TS Hi —15m, (d) Te=E M H

T=gaA = 300 kg, (e) T4 =125 rpm. b grdn 2
59 3% IDC ¥ 30° W A @ HF R W e T F fw qw R @ w0
[3¥R—14.92 kN]

@.‘W %% H*f1e9 (slider crank mechanism) ¥, ¥ 0A H & 500mm § qon g€ 350 rpm
# T A TR & g @ FAERT U AB® @=E 2 m ?| T FC (Klein's construction) ®
mmﬁ@m?@'mmﬁﬁ‘cmwmmmh,@maﬁmaﬁﬂ
Fm w3 fag ¢ W waew g3 W fef, g A § 600mm (314fq. AC =600 m) ¢!

[¥¥T—570.9m /sec?]
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- 16.

16.

17.

18.

T @ Rt 87

@mmwﬂﬁaﬁWMMOmmmmﬂszmmmm%m wEE
st 002kg-m® &1 TWE TER FX OR fR W 160mm B g W 1 A FEEAA AN WHGH e
fr@ma (Equivalent Dynamical System) I #id waff & FoaaH s8R it W fom 3
[¥¥X— 0817 kg, 1.383 kg

T THEAR fEUF 1 S 300mm A9 XA 5kg § 791 9€ 600 mm AT # T qo0 ¥ AR w o
1 o Fi g0 R o e faftn § Ememgds g § R e 3 3w W fews, g9 ¥ it
300rpm ¥ fomed YW W @ T frw Tt ¥ 7w FAER aw F ofa: sma w2
[ST—16.7rad /seq

W S F AR (rotor) F WM 6 T (tonne) A9 g B4 (radius of gyration) 05m%l S
¥ fed fR (stern) ¥ WA W Wt Wt fewn § 1600 rpm ¥ ivie &Lafe e kR ik 53.76
w\‘zmot)ﬁmﬁesmﬁw%wmw%amﬁmwwmmaﬁml
(1 7 =1.855km/hour) ' -

 [S¥—100.56 kNm]

qasangmeoom/hourﬁuﬁrﬁasm%lm%ﬁamwn4000N%ammﬁsm(radmof
gyration) 1 m ¥ TR F WD 'ﬁ (rear side) @A T VX FH T 3000rpm FTE

(anticlockwise) 21 ‘

AT TFAH 100m 5 % TF TF (curve) § TR F (upwards) T T4 ﬂoop)ﬁm%ﬁﬁﬁﬂﬂm ~(i) |
IO AEHIIS TALH,; G (u)t@ﬁﬁﬁﬁﬁtﬁﬂﬁﬁlﬁﬁﬂﬂﬂﬁﬁﬁﬁﬁ@ﬂ%l
[S¥R— 2135kN-m)]

& W F T tea 1fed o S 1600 kg a9 & ﬁw (radms of gyration) 1.2 m 21 €N

24km/hour ® T A 160m . % THFER T4 W W (Port) # W% Tual ®1 Y= (Paddles) #

Tfd 90 r. p.m. %lw«mmﬁwmﬁmwmm(mammde)mumm
whiferg)

[ST—905.6 Nm]



wifer W

(Power Transmission)

—_——

* “Introduction to Belt and Rope dnves
* Types of belt drives and types of pulleys
. Concept of velocity ratio, slip and creep; crownmg of pulleys (S|mple numencals)

| Flat and V belt drive: Ratio of driving tensions, power transmitted, centrlfugal tension,
and condition-for maximunthorse power (S|mple numencals)

* ‘Different types of chains and their terminology .

* Gear terminology, types of gears and their applications; sumple and compound gear
trains; power transmitted by simple spur.gear & it

Ly R R TR S

Eﬂfmal (workshop)Wﬁﬂ"fQ‘q’aﬁﬁ'@l (devices)® ﬁfﬁv‘—lmﬁﬁﬂﬁm FA F ﬂlﬁ?ﬁ‘\’lﬁa
(mechanical power) % TIRU & EvEHA YSdt ) AHF ol #, B vfw wyor F fafmd o
gl & w0 fage wim ¥ wRafia & wa. i i @1 wiw wRuwr =6t fafi= faftml ey 84—

(i) uET =@ (Belt drive)— 381 M 3t T (1 6 m ¥ 10 m) R feoa < T & 7w
F i SER0 F ol fean S 81,39 =red 1 S5 A W e § fafyrr wiel W oafw
TRy fe ¥ A R

(nx)wwmopednve)—sﬁwﬁfhmwa@aaiﬁﬁqﬁmwmamﬁa%mﬂ
ﬁﬂﬂﬁﬁl%lW%ﬁl{m%(Ropeway),mﬁﬁﬁwﬂﬁﬁmmﬁwmﬁl

(iii) = =TT (Chain drive)—=7 TG 1 ¥R 9889 g0 (1977 1 m ¥ 2 m) R Areqw ufed &
1131@1(transnussmn)ﬁﬁmm?l'qgwmwﬁm?mmﬁm
(velocity ratig) T fer e R _

(w)ﬁmam—vrﬁammﬁmﬁfammﬁmvﬁﬁuﬁﬁﬁmm% el e an
39 (constant velocity ratio) F1 ¥l & G4 Feish Ta =feld W9 W §gd FHH g4 &1 39 =1
¥ R s Ut 1 gaRo g 21 fRR =ee sifs Wed (compact) BT € 91 ReR ST 24 21
g FH Aga AfuF N T W o firg Ter # 1 W Ry o+ @@ 2

4.1.1 SUTER AT S F R aTavTT 02
l(Necessary Requirements for Selection of a Drive System)
et wer w1 TE w0 fe 1g we 2 9rg #—
(i) IRfY@ 9 (transmitted power)l
(ii) e TE Sfed IRt wt quE w5 fam




i daRo 89
(iii) W19 T wfer wmoeY % ey T
(iv) T W& wfera ooy =7 4m 3T (velocity ratio)!
(V) 9% W& a9 gioig feafal

(vi) FFeeT (slip) st @ o1 )
4.1.2 95T | (Belt Drive) e et e Ak afera
R IGE ﬂ’ b GED (dl-iver) ‘qa Sfe™ (driven) (Slac.llf side) Ez;n

mﬁﬁmwwaﬁwﬂﬁ?ﬁ%ns-.ﬁw .
m@ﬁm@@agﬂm%uwwm
T TR F F o (driver pulley) w& =fed W
R T TR W aferm el (driven pulley) #eq &

fEd faw 4.1 (@) T (b) w51 wem w e

- ‘ (Tight side)

(negative) =Ter @ I 39 e frgeE (slip) ' (a) ST (Top view)
WQIQWW(ﬁicﬁondﬁve)‘ﬂ%ﬁ%, B LR e R
FE T AR H R TR R e ; ' ¥
N T & R B 2 r _ s

mgﬁ@%ﬁnmﬁ_mt,n . —
mw(ﬁgmsme)qeimgvnﬁamw i |
T 3 O AT 9T HeT ww (slack side) FgeATaT : ©
1 i oy (tight side) ¥ 2 % T =) 7y do B (b) TF& 9 (Front view)

fo= 4.
W T W 7, Y v 2

el & R AT WY vgT Rever e &, v ¥ v T ERT Gt & 65 I WA T e gt wioy
(angle of lap) FEemaT §1 fas 4] (a)ﬁ‘mmaﬁagﬂ?wma,qﬁezﬂwﬁh%mm%l

4.1.3 93T ST T Feitarvor (Classification of Belt Drive)
VST SO Y SRR i e s 2

(A) 92 F ATHRT T F AR W (On the basis of cross section of belt)

(i) ST9eT T A1 (Flat belt drive)— 3ad w2 5 ST HIE ITAAER (rectangular) a1 =9
(flat) Bt 2 WWﬁﬂmWﬁﬁ(power)aﬁ&f%@ﬂtqﬁﬁaﬁﬂlmﬁl

(i) S-UgT =TT (V-belt drive)— o W T ST HIE AN (trapezoidal) 2t 3|
Waﬁuﬁfuwwv—@hw@mﬁﬁmmn@wﬁlm
I FH @ W s AR (power) H RO Y ¥ e W 2

(B) U2 =¥ YfeTal w1 o1tz 3 oMe W (On the basis of wrapping of belt and pulley)

(i) G 9T A (Open belt drive)— T8 em & 7 91 gferd 2 e WAE W e W d

| éﬁ"@ﬂﬁﬁ4.1(a)a(b)lsﬁﬁm%s@ﬁﬁmmﬁmﬁ%lwmﬁﬁaﬂw@mmm
~ (power) Wfta it Wt 1




90 WY ¥ fag

(ii) IwawEdt agt W (Cross belt drive)— @ wrers g ( b
ack side)

fafl & vzt S gfer W T (cross) #t a@eyqt ¥ ferge
w2 TN 2 gfe & gEe @t faw faoda et R
sgﬁﬁlmmmmﬁﬁmmémﬁm
T = R F e R ¥ que @ awm o g
R fusw v (power) Mftm wTH 8 Wad foF 4.2
(@) F (b)!

(C) gferat &t W& & MER WX (On the basis of

number of pulleys) .
(i) §T& ugr =@ (Simple belt drive)— ¥H
e & VAF R W - Te ot gl {1 W A
ITIE (velocity mtio)@@mﬁﬂaiw%ﬁﬁm
fafer 1 s e e & fwd Rt 417420 Nl | |
(i) Hfirew wgr =TT (Compound belt drive)— j '
w9 e § 9o @ e IR W -0 Tl (b) TEHSH T¥ (Front view)
qor W W 3 gl M o# S ) A W for 4.2
(intermediate shaft) T & 3% off 2 "t Bl R :
mwmﬁWﬁ%ﬁmwﬁgﬁlﬁ#ﬁlwmu@waﬁwﬁﬁﬁgﬁﬁ%mam
ﬁﬁ%m@ﬁrmﬁfamnﬁwmﬁmm%mm@wﬂﬁaﬁﬁﬂaﬁqm-rﬁmﬁ

w8 T T @ s Wi wert € afEd fa 4.3 (2) ¥ (b)!

(D) TeTes WE it PeRt i ferfy e e 0¥ (On the basis of position of driver and driven shafts)
(i) WA= =rer (Parallel drive)— & 1T ¥ e TE T AR T TR F TR LR

:AfEd fax 4.1, 4.2 9 431

wuR 9EF et woy afed &t

o, | = @ .M g
N\ ! |
i — ' — i
: Ty ¢ '@ Ta
(a) FUH 99 (Top view)
O,

go 9
VL
E é i
-(b) F & g94 (Front view) '
4.3

—f—

|

i




(ii) & W™= (Right angle drive) auT Wty &&= (Angular
drive)— T MR 7% TR F AW | A A T I F A0 F T
e e ¥ 2 R 4.41 afk R v % e w1 A 90° ¥ SRR o
F1¢ A I Fvia T Fed ¥ w9 TER F TeE A g W o A ¢ % am
N F @ IOl F IUE F wwad ¥ o T FR-w 5w Rl A e w0

¥ o e Toft 1 e o e e @1 T fafy ¥ g g % e @ R
A Bt R

(E) fr=reft (idler) Geft & WaT & 39w WX (On the basis of use of-idler
pulley) '

| (i) fererett gt wita == (Drive with idler pulley)—vgT = & faee
el 1 34, I 91 9fdd F SR B0 (angle of lap) FLAeR & fed e
a1 @ AT &0 914 € fh ©1ew o e sifas @, 3d1 & @it wiem =1
TR T ¢ My i 4.51 STavEEaTER faael 1o O @ Q) @ g
N ki <t i

o T fegh qe @ o
(DrwerI pulley) (idler pulley) (-Driv|en pulley)

forareft geit
(Idler pulley)

fax 4.5

(iii) Farereft geft I =ne (Drive without idler pulley)— W gt e ferareh et rd

(i) FEAHR AT e A1 =T geT (flat belt) T
(i) TSR ITEE FE A V-l (V-belt)!

(i)ma@:wm—saqéaﬁagmmmﬁ?ﬁéléﬁaﬁﬁﬂﬁ(a)lmm
qgaﬁmaqgaqg,mma,wg,w$mmﬁﬁmm%li’tfﬁfmmqﬁ(laym)
ﬁ-mﬁmmmmmmmﬁlmﬁv@mmﬁﬁmm%ﬁtsﬁaﬁﬂqﬁm
fﬁ'ﬂ-‘ﬂ'&‘(doubleply)ﬂzTﬂ?l%'Iﬂﬁ@ﬁmﬁﬁmmﬂmmw%ﬁ%@ﬁgﬂw



92 TYR ¥ fag

(tippleply)u@mménqyﬁﬂafww@mws’rmasmﬁafﬁa:wﬂmémmq
e & Rew & R i e @)

(1) TR UT—F 9 H He qHe wq (trapezoidal) Bt 21 7€ 751 Teft # oy
TV F R F G Y G T @ w0 e 30° g 178 g1, T 0 g oy
/T W 21 2fEd f 4.6 (b) T (c)l . |

W4l

T lid

(a) 9T YT (b) FHEFATRR W2 H
' (c) & v

fax 4.6

4.2.1 Wa@ﬁmﬁaﬁmﬁm@wﬁal Used for Belts and Ropes)

T e 92 F fAe yge S5 91 verdf i wee, T, frvawia au o 99 7% $ H0 am
B =T 39 TRl T Or Ui 3= BT AT TG B e Uend & SMuR W WS (Belts) &
FifeRtor f= PR 8— :

1. w¢ T 92T (Leather belts)—7 ¥ U G=d wewrqul yard =wel (leather) Bim 81 walam
TS F AR 1.2 m AR 1.5 m =t v B o S 21 Y A oifes Wl O w2
TR F FI WA, (A A TWE F) Ao faw A @ g 9 TRE wag A g o 21
H TS F THE-9HT W R a9 T (Dressing) FE TS 2 |

2. et a1 thfsrsk Ut (Cotton or fabric belts)—%fse wg1 ¥ra: WS F7a1@ (Folding canvas)
19a it e (Cotton duck) ¥ 591 9 ¥ foma! 12 1 difd WIeR % 1g8R ©&F w9 faeme (Stitch)
foran s 21 57 9EY A difoq e g W F vE H T ot T 9w 1 A @ v qn W
Sierarg % fe Sugs B g

3. T Uzl (Rubber belt)—Ta H see, Hfgw F WAl W WE T T% il 81 ¥ I 19
(flexible) Bt ¥ T M1, ¥t a1 T & Toosh # A W ST § @0E @ 9 §1 376 T N T
2 & 3% STt @ Ao (Endless) s w1 W 81 3 I Wi-firet (Saw mill), ¥R fre (Paper mill)
e & o 3uge &l € <&l W FmaE (Wet atmosphere) &l gl



W d=mm 93

4.mmwgr(3alatabelt)—v}%z%vﬁmm%mﬂﬁaﬂﬁmmm%mmm
% (Balata gum) %1 YA fFe < 1 A 3 e (acid proof) en SiEH (water proof) Bxdt &1
T W YIS (animal oils) a1 &Y (alkalies) 1 1 1 T TEa 1 37 A 1 g 2w 7w 2
40°C ® Hfesh AT R 77 7 (soft) 7o Ferafirar a1 fizad (sticky) = s &)

WY T AT I % ANTHR U Ty (ropes) T FffeRtor forey warm §—

1. TTFaR T (Fibre ropes)—va T & i 3 g T 60 metre B, 7@ FTEeR T F1
TheagEs fhan s 31 3 R - (hemp), w11 (manila) 791 H@ (cotton) IR (fibrous)
W F TR 9N Y T I w5y (less flexible) wem @ Fif¥® To7.(Poor mechanical
properties) ™ B i ,

2. AR TR (Wire ropes)— w1 qferdi & o9 = T @ 150 Hex F Ao @ qen aga s
wﬁawﬁﬁawa?ﬁaﬁmﬁmmmm%lﬁmﬁmmmﬁaﬁmmqm (wrap)
A SN B TR RN YgEen e (Elevators), @M % ¥R (Mine hoists), #=R

(conveyors), TEHFT YA (suspension bridges) 3% & B 213w @R (grooved) et W =em
™

i
}’:‘v‘l‘i‘}" A ‘.,::'. ~'i". _fr:“' r 2 l.{ ST ey ‘fjlﬂ"“:‘-";‘?-‘v:lﬂ = :—}\ ": o e :.,\f '*:ﬁé;i?A/ e P o SN o y _ ':1.7 :";
g;}g‘é‘ e e (vwe»lo«»(:ityﬁ%ano)» SRS HERL T R R
gt e ¥ =fer gelt (driven pulley) T& et (driver pulley) 3 37 % arqurar @Y

BT (drive) T AT U FEA &) R |
(A) T TgT wTer (Simple belt drive)~ 7 4.7 % &t et Wz wom weffa i T 31 =9
T W A e A W W Ot geh o e 2,

g o
rives pulley
(Driver pulley) Ty ) @
N4 N2
1} a2

o= 4.7

AL N\ =9I et & i firre w9 ) = (pm))
\N, = ot % wft fire e ) SE (rpm)l
d) =% Yefl 1 =9 Wl #
d, =< qeit 1 = Hex #) _
T I € fR vt 9em ¥ e, :
TS et W 92 1 9ReftT 3 = 9few goit W w2 & ufd A
rd|Ny=nd,N;, (1)



94 WA ¥ e
N, _d;
1 N, d,
| Yy M4y i
3r@: A q9E (V,R.) N, 4 ... (if)
- QW(VR)_WHW% rpm Wgﬁ&wm il

uTeE geit & rpm " afew gl wvaEE

(B) dYfire ugr S (Compound belt drive)— o= 4.8 ¥ T W5 1 AMites 421 =rem Wefthy
fear T 31 T8 vE AeE A wew w@ A e ¥ A 0% W OE-TE ol 9 et R
(intermediate shaft) W @ yferal @ft et ?)

Ifdl % qM-SIR & fad 9w ogua (velocity ratio)

]_Vl— =Z ... (1)

fax 4.8
34 YR gfern & fada ﬁ'@ & ford 9 i (ve]ocnty ratlo)
Ne_ds )
' N, d, o o ' _ ..{(1i)
Hﬁm(l)a(u)ﬂ‘jﬂﬂaﬂﬁm ‘ |

Ny Ny _dy dy
Ny N3 ~d, _d4

WNZ_Nsé‘ma#Igﬁam@mmwﬂ%l

. - N _ d] Xd3 ' ; .
3 amzwm (VR) = N, dyxds i)
a 3 (m)_aﬁaﬂﬂﬁﬂﬂgﬁﬁ%rpm ﬂmgﬁlﬁr‘%maﬁgﬂn

oI S Tt S rpm ST G & s it qom 4




vfem d9)oT 95

SR A vg1 wem @ A I (velocity ratio) FHT (iii) 0 (iv) & s= B

4.3.1 TREE W& W% (Slip and Creep)

(A) RERET (Slip)—goft et w3 % Yefra am & are @t Rewer waa &1 frwer (slip) & T
T SITE T A ST W B A & vt S Gt 3 rpm @ 8 & Rrerdh T ugn e &
BT & WFRT (power) &1 EoroT BY WaT 1 )

“The difference in the linear velocities of pulley and belts is called slip. It'is_generally

express'ﬁd as a percentage. The results of the belt slipping is to reduce the velocity ratio of the
system.

foraem (slip) B9 ¥ firet wwor $—

(i) S w71 7% TF @ @ R 7 Pord B 3w F RO ST G Fae o I R, fes
SR et & U2 F Hem uwvr & 9 W &1

(i) TN Tg1 Ao wgd e aft W ORR 1 EERO S 81 39 She T % B 981, Jet
F 7 ¥ 8 IW F I3 91 2, FEF FR0 121 @ I F oA gEaa9 A 2, S he
(frictional grip) ® %9 %A 2 <« L

(iii) 98 ¥ 3 g ¥ (permissible limits) . 314 Wi (power) F TR % HROT U2 FHi
wwaé ¥ g B 2 UE1 39 T 9fs B O 9l TEfT (adjust) FEA 2, FGE HRO 9€ T &
IR frgem R | | '

ST G HRON | e Toll T FN A WY A1 g, S Tot F T WY A T 7 I §
Ao Sfed Tt F 9 e e 3 Hen FN 8 I € st er F1 3T S 8 I R
 (B) W& (Creep)— 39% FRUWMTgT =6 1 AU FH Bl 2| 368 ot 781 et 1 379 @i
AT T T I T 21 G SRR HRO TR F fw ufE deRe = R R ¥ dR
T R R FT e 9 oeE 0 % fE T (tight side) ¥ w9 (7)) % Wk § o € @ A
T o T (14, ) @ N, 21w 7 e @ % A e (Slack side) % T (T, ) F Th F S
AT T T T £ ,) R A R s A v T (7, ) A, fES ue (tight side) ¥ A
(T,)aamz}amamvzﬁx,qﬁ-xzmz‘ugaﬁ@tﬁa-maﬁﬁq%%mTlnﬁiTz‘%mzﬁ
@.WWaiqﬁgqﬁ%anﬁamﬁsaaméqf%-é?‘W[(1+x,);(1+x2)]'cﬁrmnhﬁm
mﬁ%mgmm'm%,ﬁw%m@gmﬁmﬁmaaaﬂnﬁﬁmm%aﬁta‘l‘aa
el e 7w S A 8 TR % HR g e A S F6 E S R

O “When the belt passes from the slack side to the tight side, a certain portion of the belt
extends and it contracts again when the belt passes from the tight side to slack side. Due to these

changes of length, there is a relative motion between the belt and the pulley surfaces. This relative
motion is termed as creep”. The total effect of creep is to reduce slightly the speed of driven

pulley.”” : , |
s fpger (slip) & ¥ (crecp) Qi i T Tl =T ¥ 3 AW (velocity ratio) T HH
T 2 mzmﬁwﬁﬁmmmm%ﬁwﬂm(snp)mﬁ‘%‘mﬁqg




96 WA % fag

W &I I F1 9 {6 TFA F IRAT (magnitude) REae (slip) ¥ T # gern ¥ T
fraem =1 ghw vzt 9er F afa F wfevm (S %) ¥ wefitfa. fem s @

4.3.2 ATTYUTA W REEET &1 W91 (Effect of Slip on Velocity Ratio)

(i) WY g1 =@ (Simple belt drive)—- fa 4.7 F1 sraciwa S afs = @ =fea g
WU A FW: S, % @ S, % 1 fFae 8 a9 e @ 9o 3o 1 S| w0 dpTE d,, TR
* wffre W& N, W@ N, 8, @ oE got ¥ o % wwEn 9 F A

=7|:d1N| Ttlelx:S__nlel Sl
: 100 100

& T@ vz 9t et W A o a: S g ¥ TR ¥ YR, Tg H A
k5
100 100 /100

_nd, N, [1-5L)(1-52
100\ 100

afer Tet % SR W A e wem W % T A W fi wuh

ndy Ny =nd; Ny (£33 (1—:&
100 )\ 100

B f_v_d_(ls_)(ls_)
Ny ds . 100/ 100
£ N, _4; l_(S1+S2)+SISZ
N, d; 100 ) 10000
pﬁf&oizmmagam@m%m @mmmm%ﬂ
7 N2 _di(1- S) | D)
N, d, 100

T/ S% = mtzaaﬁaagqugaﬁﬁmmmwm(mﬁ)%l
It ug it ‘il?lg £ &, d Am9E (velocity ratio) |
N, _ (dl+t)( sJ i)
Ny (dy+nl 100
(II)WWW(Compound belt drlve)——fﬂﬂ 4.8 1 ST Hife| s gferdl & w9 @
fedta S W F TRGe 5% T 5,% & 7o T Yo & F: D ), dy,dy T dy T
FHHU F1 Wi F& Ny, Ny, N3 T N, @, @ 9ferdi 3 wem 12 1 37 379m (velocity ratio),




v =R 97

lvl_ﬂ( Sl) | (l)
N, d,\ 100}
T YR % ffta S 3 3m SFTA (velocity ratio) |
_Ni=d_3(1_£2-_) . ...(ii)
Ny dy\_ 100

- @fo (i) T (if) B M FTA |,

&xﬂi:ﬂxd_:; ]—.Sl )(l—sz);
"N, N; d, d,\ 100) 100)

(TE N, = N, 70 Tl o 29 Ho 3,0% @ W R @t )

n Ny _dxd; 1_51)(1_3_2_)
. Nl dz Xd4 y 100 ‘ 100
K - Ne _dixdy () (5145,)  Si81) Nt 515 a?lmmmﬁqt]
N, 'dyxd, 100 10000 10000 -
N4 led3( S) ; o ; ‘
q 1= T S% =(S,% +S5,%) el ..(iii
N, dzxd4 T { 0 =(S8,%+5,%)%l] (1ii)
o 2R e o <, A ("1“)"“‘3*"( f:o) Aiv)

Nl (dz +t)X(d4 +f)

aaaaéz * amﬁa 311 Al Yg1 =1e (open belt drive) a1 IWAHE! TgT A (crossed belt
: dnve)ﬁawﬁmqgaﬁmamaﬁ‘rﬁl

(i) e gt =t (Open-belt drive)— == 4.9 % 3R W) T o 13@%@30 2
Teft =T qeft 81 qeft Ho 1 o 2 1 TEEAE FHY: 7 T r, € AM ITH PR F AT B g R TR o 1
q 2 W BT B FA: LBOF W LCO,E R

ot

fax 4.9




98 WA & fagm

fo & AR £0,0, M =a (W T }1)

I ZHO, B = LGO\F = LKO,C = £QO, E =a. €M
7gi Rl B,C,E 7 F R g1 YRl 9wl & &

3: W W T, L= @ FAB + BC + 9 @aé CDE + EF
€ O, M =BC =EF ¥ ‘

I L=< a1 FAB + < war§ CDE +2BC

A MO, 0, ¥, 0,0%=0, M? +O,M*

M=J0| 022 —0] MZ

=J12 -(rl —rz)z . "
| WFABR W =r(n+2n) 96 LFO, B=0, =(n+2)ty
w W CDE® @ =r, (1 ~20) /[ T8 LCO,E =0, =(n-2a)d)

fR A MO, 0, A
O,M _0,B-MB
0,0, 0,0,

sina =

(=7 O, B=r,,MB =0, C =r, 791 0, 0, =I%)

sino. =(ﬂ;l_2)

W FI o F A 9 F4 €, AR sinow = o T ST H B

e
l
™ T, L=r(r+20) +ry ( ~20)+21% ~(r, =1y )?
. 4,712
- =n(n +n)+20(n _r2)+21[1—(’1 ;rz) }
™ 9 &, 5 g w9 (Binomial theorem).ﬁ,. , |

2 3
n_q_ _Nnx_ A _nx
~ (=x)" =1-mx +n(n-1) 5 +n(n-1)(n 2)5.,,

N .

2 1/2 .
- [1_(’1_;_’2.) J * Wi fvg wia @ G W,




W d9mm 99

5712 5
[l_(n—lrz):\ =1__;_(rl_;£) Firne (W@ﬁmm'ﬂ)

; 2 ; ‘ 2 : | ‘
Hd: ' L=n(r +r2)+2(r1+2)+21[1—%(('"—;r22] ] (o &1 A @ )

i/

)2 32
L=n(r, +r2)+2(il_’z_)_+2l_(il

o 2
. L=n(r, +r2)+2!.+u

. Q)

(ii) 39 Yt ugt AR (Cross belt drive)— a5 4.10 & SYIYEl gt oM Ut w1 3an

- wqolmﬁwqozmtﬁﬁ%lg@?oIHZW&mm.rlarzaﬁmmﬁ%
AR w @ - |

Teft o 1 92 W B&A W01 FW: LBOF W £CO,E #
9 % SR 20,0, M =a (FF T R1)

3; ZHO\B =£GO\F = £Q0,E = LKO,C =q 31
Tl fageli B,C,Ed F W 981 el 1 wodl o 2

A g W T,

L=< &g FAB + BC + =19 @& CDE + EF
& O, M =BC =FE ?I

a7a: L= maﬁaﬁléFAB+amwaT§CDE+ZBC
AMO,0, ¥,




100 TR ¥ g

0,03 =0,M* +O,M?

m 0,M =\0,0% -O,M? =\[I? ~(r, +1,)?
W9 FAB ® wam =(n +2a)r, (=8l LFO,B=0,=(n +2a) )
W CD # & =(x +20)r, (T8 £CO,E =0, =(n +20)
f A MO, 0, 3, -
ing < QM _(O\B+MB)

0,0, 0,0,

sina:(r' -;rz )

'.:maﬁwdmﬂﬁmmt,mﬁﬁsina=ammm (4

| a=(m]- .
- 1

(% O, B=r, W@ MB=CO; =r, 9 0,0, =)

™ TR, CLEr (rR+2m)+ 1y (420041 =(ry +1y)
r -.l-r 2
q y L=1t(r|+r2)+20.(_r|+)"2)+21 l"‘( 1 I 2)
: ‘ A\ | _=i/2
. 2 2
B L=m(n +r2)+——-——-2(rI -:rz) +21[1_{__r1 :rz) ]

| SV |
[l —(MT"Z) ] %! 9% W™ (Binomial theorem) ¥ @A W,

| . 2712 N |
[I—("jrz) l =1-%(r—‘¥l) +... (3R R | TG T V)

' Al 2 - 2'"
7 L=n(r,1+r2)+2—.(ﬂ%)—+21{1—%(("_7’2) +]

~

" 2 2
7 L=n(n +r2)+—--————2(rl ) g (ntn)



ilﬁlam 101

2 .
W L=n(rl +ry)+21 +M)_. .. (i)
4.41qmqa’tawgmvgrma&m
(Comparison between Open Belt & Cross Belt Drive)
™o Wo g ug AE (Open belt drive) mgdi ‘l!T HTE™ (Cross belt drive)
L |9 e o e o o 8 e & e e e gl Pt e & g
2. - mmwmmwmmglmﬁmmmmwmﬁm(angleof
" |lap) SrEROTE i B # . lap) THH B3 ¥
3. | T8¥ BRA FV (angle of lap) 1 A F1 T 1) m%wmﬁqﬁ%mmmmm
| fr A
4. |39 9F % T wU 9RFE IREo B #) sﬁa;“a%mﬂmmaiiﬁmmmvﬁw
: B
5. ﬁaeﬂaﬁﬁ(idlerpuneys)%:mﬁmmﬁaaﬁaﬁﬂwmmﬂﬁtl
(angle of lap) SGTAT ST Wha! %I
6. |79 <R ¥ @ = foram = w4 ™ e o 9z st fwa

I 4.1—500 mm a:ma%gﬁnmrpquwmtm 300 mm =T Y T goht
et ¥, /W g & rpmmaﬁﬁiﬁl

Tw—fe 2,
(i) d, =500 mm

(i) d, =300mm . - (iii)) Ny =160rpm  (iv) N, =2
™ I T, ' ‘- = b ’
nlel =1‘[d2N2 m&:ﬂ.
Ny d,
. dl XNl 500X160 - . :
q0 - N -266.67 m
: T 300 P o

Ammn-—mmniuﬁgmﬂmms%ﬁﬁmwt rpmmml
w— f R,

(i) PR (Slip) =3%  (ii) d; =500mm
(lV) N2 =7

AU T I 8,

(i) d, = 300mm (iv) N ,' = 1_50 PmM



102 W ¥ fage

szzsoo(l_ 3 )
150 3000 100
Ny =220, 27 1 150=242.5rpm I
300 100
IETEAT 4.3— Faeft Thoa F W T 150 rpm W T Fleh Tk W1ET ¥ (line shaft)
ST §1 $ VTG T St Gt T ST 750 mm AT T YO ht Gl 1 S 450 mm §1 wvw
- P W T 3 gt Tt s 900 mm &, 3 ST ST @t 9o W E 150 mm T i e

1 guEr wrar {1 e genell § SraEl wwe @ I /I S -

(i) 51 ®g fRemer (Slip) T,
(iil) T YA A W 2% Fraer g
d4s=900mm A=A R d, =450mm
= = !
_{l .......... B} O, W A - =-—--—
% =
faafin 1T 1r faaftn
F W -
p EAL | T
" |1 4 Jj‘ r. MR
de=150mm A dy=750mm
77777777777 7777777777 77777777777
fax 4.11

T2,/ (e 4.11 F1 e #:2)
() Ny =150 rpm (i) Ny =? (i) d; =750mm (iv) d, —450mm V) d3 =900 mm
(vi)d, =150mm  (vi) Y& Il | m-m (Shp) 2%

(i) 7 =g frmert i &

3 feafa # amgem
N4 - dl Xd3
Nl ded4
N4 _750x900

150 450x150



R @=ro 103

‘4

_750x900x150 _;¢00 o - S
450x150

(if) ST SF S R 2% frger 2

7q foafa & IUE |
N4=dl>(d3(l-sl)(l—§£)
N, dyxds\ 100)L 100

N, =750><900(1_ 2 )(1— 2 ]
150 450x150 100 100
N, = 150x750x900x98x98_14406rpm -1 xeT
450x150x100x100
ITEAT 4.4— 0.61 m =E &t Rt 0.81 m =0 & w= mﬁvﬁaﬁtnﬁu&m%wa‘ttl
3t ferforal & 0 & wem 4.26 m‘aﬁ‘fﬁthﬁ(open)maﬂ'ﬂﬂﬂ(crossed)mtﬂi'&ﬂi’ﬂﬁ
g e @it
gfe =retes Tt (driver pulley) E‘ﬂl‘ﬂm faem (clockwise directlon) ﬁ qit A A P«mﬁ - |
afera faft % gt @ 9T (direction of rotation) oft Ws‘al |
T 3—
(i) 9o foft =1 =9 (d) ) =0.61m
(i) =fer foreh 1 =91 (d,)=0.81m
(iii) S o & H F wFFA () =4.26m
*(iv) 98 i g (L) =7
(vySfem ot & gt fgen =2
(a) e wZT-ATeT (Open belt drive)— oa & fo6, gon wem

2
92 @ @ L=n(n +r2)+L'L_ILZl-+21

=1r(0.305'+0.405) ¥ +2x4.26

(0.305 —0.405)>
4

~2.23+0.00234+8.52=10.75m | =T
(b) ?mguﬁ wgr =T (Cross belt drive)—S¥aqa! Tg1 — |

® F @ L=n(n +r2)+(’l +l’2) +21

0.305 +0.405)*
(00910403 o u25

=1(0.305+0.405) +



14 9 & famm

=2.23+0.118 +8.52

=10.86 m Im

W%Wﬁiﬁﬁm%@ﬁﬁm,mﬁmﬁ%tmﬁﬁﬁm%mﬁiﬁw
(clockwise) & Brit| :

|

J
W@Wﬁﬂhﬁﬁ%@ﬁﬁmmﬁﬁt%tmﬁﬁm;ﬂmm(am;
clockwise) &t '

4.4.2 AT U3 ¥ TG @1 S (Ratio of Tension of Flat Belt)
fo 4.12 % wefefa ot 9t <feromad R (clockwise
direction) ¥ §HaT g3 WA & .
M T, =2 F @ ww (tight side) ® |
T, =% ¥ & uy (slackgside)ff?ﬁl'al
0=T F T W 92 W 3N ¥ W T
m(mm)%q@ﬁpgmﬁwﬁwww,
TEE PO F BN TR & 5 W FI07 “50° S
3
T WM R A e e g §—
O PREFT@E=T
(i) QR R = T =(T%3T)
(iiﬂq@agaﬁ%maﬁqﬁﬁmﬂ
(iv) g9 = fewn o famdia, sfor 77 = R
Gﬁ‘p’ﬂ?ﬁﬁﬂ%%mwmél
q@HﬁPQFlﬁnéqTﬁﬁﬂﬁﬁ-aﬁﬁﬁmﬁmﬁa(msolve)ﬁﬂ,

R =(T +87) sin'%q + T sin 6—29-

% PO Ft T gR sAr 60 T UF =gd %1 B o sin(%ﬁ]:a?eﬁﬂlin‘mél
0 R=(T +8T)§22+T.8?e

0 R=T.5—e+6T.@ +T.86
: 2. 2 2

(ST.%Qaﬁwmmﬁmagﬁmzﬁ%m)



uUR +Tc0867G =(T +8T)cos i

- Pl
uR=(T+6T)cosa7e—Tcos%e—
Fih BT 50 H T 9gd FH ? o9 008679=1€ﬁtﬂ,
N MR =(T +8T)—T
|| ' WR =38T ..(11)
e (i) § R %1 M whto (ii) ¥ v w,
0 W(T.80)=8T
: oT
q 00 = — ...(111)
! T
o (iii) 1 FHERER F |,
haT 0 T
T I T HIO ogeTz £
a0 L £ o .. (iv)
T,

Buﬁaatﬁ'(iii)ﬁﬁmﬁmé,ﬁ@%aﬁwﬁﬁm%ﬁmﬁwﬁagﬁ%mm
- EUT IO (1) W BIET WU (0) T &y w=ar

ST A ¥ BT T (angle of lap) B et w1 T i S S9iRE " -
- UE1 FeNW BrEl qel. W fewem)

4.4.3 V UgI =1 | U3 % arEl o ST
(Ratio of Tensions in V-belt Drive) ;
V 21 F 3l e (trapezoidal) B §1 V 921 Tmem #t e =5t
I W ot I R w1 @i 9 B 71 fEd 6 4.13 | i @ e w o s
V—mmﬁﬁﬁwmdﬁﬁmﬁﬁwmmémm W
49 THT (frictional grip) 31w B S § 9 ek Wfem &1 Waww fran
T B WY @ 0 F Fhae S P w9 ¥ W R 9 W o) ke % i
ﬁﬁ%w%ﬁ@@ﬁaﬁﬁ@ﬁm%ﬁmef@ﬁmﬂ?ﬁ(bottom)

20




106 WA & fag=

% W & 9 9 AR R, = 7o @R RS e 9w ¥ wen o shwed € a9 R =T # fre
WaE 9 T & we o SRGRa R
W TER Uz W A o wfalwa,
2R, sino. =R
R
sina

qg W ol "¥ & (frictional force)

a 2R, =

.(i)

F=ux2R, = “R
smao

V21 =1e §, IU2 T SIeF & HH 07 p ok TH R . ﬁm%u%vﬁﬁuﬁﬁwwﬁtl

sinet

m:mﬁeﬂﬂqﬁ, Il—:eex H

T, sina.

T _ ocosc .. (i)
T,

4.4.4 99 UL T Vife Homur (Power, Transmission by a Flat Belt)

o el 3 % i T A e S T, W T e ()R AR = gl
T2 & A v (ms) 7, T T W IR @ (effective tension) =(T; = T5) l
= (N) 2t (fed fox 4.14 #1)

2 g0 ufa [fwvefam T @ =(T; -T;) v Nm/s e )

e, v=yg?ﬁmq§$li'@ﬁ'qaﬁ, m/s §

374: 9% 5/ IRy uf (power), T2

P=(T,-T,)v Watt (D)

Tel -3 9 W[ ? fR 9o g W (7) - T,) ry 9
wferd e (T; — T,) r, TS T[0T @ Bl ry T r, AL
4.4.5 ATH=T a91d &1 (Centrifugal Tension)

o5 4.15 &1 T H &9 T ¢, R ugr geft &% W
STTAR Yot T §1 27d: g H T THZT T (centrifugal
force) I B S EHYT At & TR ¥ A A I fema
o, frdent ysta f@= g (tight side) Ta &t W (slack
side) ¥ TS & TQTAT 1 Aehed oA (centrifugal force) o 418




wfem @=ro 107

m@ﬁmmﬁmm(centrimgal tension) &g &1 F1 7fd T 38 WF g FA
B @ oy 3 R s T T st @) o @, o) ToEn A s e e s s 2

Since the belt continuously runs over the pulleys, therefore some centrifugal force is caused,

where effect is to increase the tension on both, tight as well as the slack sides. The tension caused
by centrifugal force is called centrifugal tension.”’

W F PO THEE H SR MM HA W, T A@E G G F F W 1507 HOL A T 2
Hﬁm=q§aﬁﬁr§aar§mw(kg)l
v="T¢ & W AT (m/s)|
r =9t % F4FH (m)|
Tc =W & fag P9 0 W rita smoitg a8 =l
PQ U2 H T =r.50
PQ T=IE & 9 1 5THH (M) =m(r 80)
T W € fF, ‘

HOFET T (Fo )'=(M)(ﬁJ
)

2

PQ U ! oA F FRO IO KT 5 = m(r.50) x L = m.50.v>
r

fog P e O W T HTHRTITE (T ) F RO 051 T ¥ ]1 370: PQ W H1a Sy
T T ATHST TG H A Ege § i w1 S w0,

2T .sin@ =m&0.v?

s g H T PO B Tell % HE W SR T B0 5 H URHT 95T FH 7, I
sin8—6-=8—6-q1=ﬂ?ﬂ'€lﬁl%|
2 2

2T, % =md0 v?

q TC =mv2

4.4.6 THFT AT (T ) T A Iferd W TS

fr=1 7f@l (<10 m /sec) ™ AT T T B B & T 55 T (> 10 m / sec) T 5w
NS SHfere B & qer o H kel fw S 2

ATH= TG (T, )3 FRO1 93 % Fa w8 (tight side) T &t 947 (slack side) & swwwr; fret 7
T—



108 WA % fas

3 & fE= v (tight side) ¥ 0@ =(T, +T¢)

T2 % &t 9 (slack side) ¥ T =(T, +7¢)

<8l wRf R (P)=[(T) +Tc)—(Ty +Te)v =(T1 ~T2)V
m:%ﬁé@%%",ﬁm&aﬂam(rc)wn@muﬁﬁamﬁamﬁénmﬁméi

4.4.7 W% ¥ WIfistk 1 (Initial Tension of Belt) |

Wwﬂﬁmmﬁ,ww@ﬁ@mmwm%,ﬁwqﬁwmﬁ |
Tﬂﬁaﬂ?ﬁﬁﬂ%ﬂ(power)%WﬁﬁW%IWW(%)@ﬁWWﬁWW%%
W@ﬁmmqﬁwmmﬁ,?ﬁ@%ﬁd%W(tightside)ﬂWToﬂW T, & S0 € aen
2t e F T T, ¥ T T, A @ 2 T,amaaﬁaqfuamzﬁm%mﬁnmmﬂm—mﬁa’ﬂm
ﬁmaﬁa@geﬁmmaﬁaﬁmamwmﬁﬁéwﬁaqﬁwwﬁml

W-wu@%ﬁﬁwﬁmmﬁ%mmaﬁﬂaﬁmmﬁﬂﬁmﬁmm
wmﬁ,&@ﬁﬁmﬁwﬁﬁ‘élma=Hﬁ@§m%mq§ﬁm@mq’r‘zw

79, fad & (tight side) F 3R T H T H afg

_ 2t wa (slackoside) F 3 TS F g W OHHl

3 o (T, —Tp)=a(ly = T>)
1 TI_TO':TO—TZ
0 2T0=T1+T2
¥
i 72 & TUHRSId G d (centrifugal tension) ! it Tor # feran Sl |
7, T, =11 +T22+2TC . (i)
4.4.8 ATFHST TG & TR0 Ug A Wiaae :
afe T drer b’ A Wl R @ T W ¥ I Swe—
T . !
c=b:t (el T =0%) |
adn sz(le_:{Q (7l aroa T T 2
=0 YHR o9 @ ¥, fF ST o (T ) 1 0 oR W 9g % verd # I sfae (o) F
AFETT o A ST ST TR STThd §E I g9 § ifHe STI HIE I gl 91 v aad gmA F |
UgT FAN BT TS '



4.4.9 T B TR rfirerem vt w6t wfvary
(Conditions for Maximum Power Transmitted by a Belt)

™ S ¥, B @ g wiyg

SIRENIEG
P:(TI—TZ)V
TN TR F TN oru, T _ uo
T,
W T H A TE, Tc =my?

e (i) ¥ T, F WM Wwito (i) ¥ T W

P=(Tl —%]V
e

P=Tl(l——%)v
e

mWﬁﬁmq@mwﬁam%m,

(1 =1
eMd

I U2 g URMYE SrvawiE,

J =C (Constant)

P=TIXCXV‘

WA, 5@ & figy e (tight side) & sifasaw @,

T:Tl +TC

S (=T 1,
e (v) ¥ T; HAA L G0 (iv) ¥ @ ),

P=(T-To)xCxv

fF & Sfasan 7@ F

4 8 8 g

=C x(T-mv*)xv=C(Tv —mv?)
4P) _yet w

dv

T -3mv? =0
T -3T- =0
T'=3T;
Tc =T/3

uferd =0 109

(i)
.. (ii)

.. (i)

. (iv)

(V)

(V1)



110 WA & fagra
R

70 ST T (vi) D 79 fred W wgen €, fop fnelt o3 % g
Rwr /R1

wifr TRt § SradR qE (T ) A A a (7) F T

e @ arfures =l @ =nfean _ _
4.4.10 T ST (Rope Drive) . _ 29,
WW(ropedrive)Slquﬁamma?m%ﬁﬁ /A '
Wﬁmmﬁlmﬁgﬁﬁqﬁmwsﬁﬁﬂwwﬁhﬂmﬁ' I .. A
S T N0 T 45° B $| TH T A A V-l T B

wifs & 9@ fea <1 g ?) fad o 4.16 |
AA: A9 AU —Tl—=e
T,
&, 7, =T & f@= w4 (tight side) 1 T (N)!
T, =T % @it 981 (slack side) 1 T (N)!
g = B1eT H (angle of lap) IeFA
w=TE a1 el i el WA o A ST ON|
o =@ 1 e 0w AE fem A
mmﬁﬁaﬁf@m(ores)ﬁwmwmﬁ,ﬁﬁmﬁmﬁ;@ﬁwﬁ
B R B A T W AR A R AN @ o wr: frm s

pOcosa

4.4.11 S-ZT AT 3 TAYST UL AT Gt UL TR
(Advantages of V-Belt'Drive over Flat Belt Drive)
92 g e e B Vgl wer & wgE e e e —
1.V—@wﬁmwaﬁagﬁ%nmm{ﬁ@ﬁ%aﬁm%@m(compact)ﬁ_fé%i
2. V-ugT e SR ATEN 1 ST, Sl Wer Hi STIE o B 21 ara: fus wfd dErw
¥ &M 2| o . & ~
3.V—@Wﬁ@%mﬁﬁma@mm%l
479 T e & W H ReTE ¥ R F W (adjustment) F e TEA 2
S.ﬁﬁwﬁam%ﬁﬁﬁgﬁﬁnﬁﬁxmﬁﬁﬁwaﬁ (groove) TTE &% T A
<@l < Gl 2 |
6. i GO 3 T S92 O3 e F TaN, V-Tg1 9w ¥ FH ST (noise) I B €1

4.4.12 WHTW%?FIT‘H (Advantages of Rope Drive)
94 g1 <eH F ger B e 9 F wE aw e f—
| e =T Tg e H SE S gl W UK H EE A w2



T 4.5
w5 IR wX 1800 N % wrftsrs wema (initial tension) 4% =r@raT wTaT §)

B Tt WX BrEw oy 165°
u=0.2mﬂﬁﬁr&ﬂl6.67m/sth§ﬁmm lasti
WWWW-WRMWWW-WW| et
T fa },
(i) REF T (7,) =1800N (ii) B HT (0) =165°
(iii) T Tt (1) =0 2 (iv) W %13 (v)=1667 ms
(v) vfw (P)=2
TR qa 1 Ty <A1+ T
2
3 Ty +T, =1800x2
QT T, +T, =3600N (1)
T WA ¥, fr—
Ty _ puo
T,
165
ﬂ_e ,Zx(rsoxn)
T3
ﬂzeo.sm
- T,
T
T_; =1.78 ) ...(ii)

Fllo (1) AT "M W (ii) H T@ W,
1.78 T, +T, =3600
2.78T, =3600
T, =1295.5N
T, F WA | (i) ® WA W,
T, =1.78x1295.5
= 2306 N



112 WA & fag=

T WM ®, mfv ova wiE
P =(T, -T,)v =(2306 —1295.5) 16.67

=16845W =16.845 kW IW
FETEAT 4.6—7f 2 qRTE & F5Y & ofrer F gt 0.90 m ¥ 3 37 == 0.375 m AA 0.1 m §
o 2t Tt T gt e e R &1 wgt geht 3 vl = 0.25 8, 7 B ot & frd v
T it St gierat g w3 grr et E)
To—fem ?,
(i) IEri ¥ F2) & e F g (1) =090m
(ii) It Tt 1 = () =0375m
(iii) B et &1 = (d,) =015m
(iv) a7 el 1 = on (p) =025
(v) B et 1 =T O (up) =025
g9 WA E, fF e ug = H, |
T2 et W B1EA & (0,) =7 +20
3 B el W IR B (8,) = 20 WO R
r —ry (0.1875-0.075 _0.1125

b S 0.90 0.90
B sina =0.125.... a=718°
(T =——0'3275 =0.1875m 4 r, =—°'215 =0.075 m2I)
20 =14.36°
am: 0, =(180+14.36)°=(194.36)°
_194.36XT _ 3 30 3
180 °
@ | 0, =(180-14.36)°=(165.64)°
=165.64x1t 2 89 ¥
180
70 9 ¢, T

T,
A1 _ 181 _ gr282
I

W 181 =120,

0
16



165°Qﬁﬂ'¢m110ﬁa;(“)=

. e e | TS W= 2N / mm B9 ¥ yrfisre T A

T— fem R,

(D) ¥ F =T (5) =100 mm
(ii)q@aﬁm(t)=81mn

(ifi) 9 1 T19 ()< 0,98 kg/m
(iv) B foreft W wry o (0)=165°
(V) 99 o (1) =03

(Vi) T399SR (0) =2 N/imm 2

(Vi) 92 T AT (1) =15 mys
(viii)u-gwm&wa;m(ro)ﬂ
(ix) Tf afer (P)=9

T WA §, fe— (7y +Tc)=0 x bx #=2%100x 8 = 1600N
Td HIFS T Te =my?

Te =0.98%(15)2 =220.5 N
Te &1 AH W@ W

37a: T, $220.5=1600
T, =1379.5N
T aE o S ¥ fn
' 165
0.3x —x
T,
T} 3 9F &1 |,
1379.5 _937
T,

T, =5817N



14 WA & faer
3 TS TS (T0)=T';T2
1379.5+581.7 _1961.2 _gg9.6 N IW

Ty =————
0 2 2

gai@ wfw (P)=(T) —T2)v
—(1379.5-581.7)x15 =11966.85 W

=11.96 kW Tomr
I 4. §_ e gl wTe U o gy T, Ry T 36 AT o T &, AT T v
15 ms $172 & atfreha AT W< 1. 5 N/mm? & s & T 110 kW iR TRfa &

%&@ﬁmﬁaﬁaﬂﬁﬁmﬁ@wmlsookg/m amui—a%mmzh
e 2,
| (1)@% waﬂama(Tz)_—xf@% &1 &1 a4 (7))

(11)1@ & 97 (v)=15m/s

(iif) 9¢ H SfeRan gfaset (o) =1. 5 N/fnin 2
(iv) Mfa ufed (P)=10kW

(T A A (D=7

(vi) T F AR (¢)=6min =0.006 m
(vii) 9 1 5 =1800 kg/m’

& 9 €, i
rfsq Wi (P)=(T) —T2)v
1, 10000=(T; —T,)15
a, (I} -T,)=666.67 . ‘ .. ()
e, o T, =% x T, |
I, \ T | ... (i)

o (ii) & 7, F T o () WA W,
2T, — T, =666.67-

T, =666.67 N

T - T, =133333 N



v @=or 115

=my
R LR Lo T — m—lsooxbxo.oosxlk—nf
m=1085b
3 Te =10.8bx(15)* =10.8b x(15)?
=24305
€, T1+TC=0'xbxt'§
a, 1333.33 424305 =1.5x10° x b x0.006
7, 1333.33 +24305 =9000 5
1, 1333.33=6570b
I b=0.2029m =202.9 mm - IW
SEUT 4.9—10 mm HeTE 7241100 mm SSTE % U T2 T o 1200 kg/m > &, Hifen T e
ngwmmagﬁ%ﬁawﬁawﬁﬁmm%nﬁgﬁwwaﬁw200°%|3?ﬁqau§és€ﬁa

WA 0.3 7o vz § e i hiee 2.2 Nmm? 1 7@ sifme—
(i) stfoream wiftw & fodr we2 =t erperemr am)

(i) rferamaw unfye oifem)

(i) g N AWK (£)=10m =0,010m

(i) 9 &t =terE (5)=100mm =0.1m

(iii) 9 1 IR (W) =1200kg/m> .

(iv) € Yeft-ah BIEA HI0T (0,) =200°

(v) ST 7T (1) =0.3

(vi) 98 H-Afaeran 3R Wided (o) =2. 2N/mm

T S © ﬁ@ﬁq@wﬁa@ﬁwwaﬁm(angleoflap)

6, =m+20
7 200°=180°+2ct
o 200 =(200°-180°)
20 =20°

o =10°



116 = & fasrd
a1 S el F oA @i (angle of lap)
0,=n—20 =180°—-2X10°=]60°'

I
3'{5'{13 _7—.':’1)-—_—_(;‘HO -a,

160
g _80‘3"(@6 "] _ 087 _231

T,
e CELEAGEIC T=cxbxt=2.2x100x10=2200N
HFTHHE A (Tc)zmv2

2
o7 Te _1200x0.1x0.01xv? =1.2v

gy o B, % afmﬂvﬂ%ﬁmé?m
T —z—zz—o—o—733.33N

2 -733.33

2 _733.33
1.2

v2 =611l

v=24.72m/s

a7 L 12v

\%

 stferepan @@ B=T, +1¢
| 2900 =T, +733.33
a1 T, =2200— 733.33=1466.67N
| T, _1466.67
231 231

g sl W P =(T; —T;) v = (1466.67 —634.86) x24.72
'220562.84 W =20.56 KW - I

wmmuo—ﬁrsrmﬁmmﬁqmww%mﬁmwmaﬁﬁﬁl
(i) BT ST (angle of lap) =180°

(i) geft WiET ®HT =60
(i) T TUTIE = 0.2

(iv) Thr ozt T ¥ ugrel it W = 0.4 kg =
(v)FFA @ =150N - -

(vi)T{'@a?r.a'lT:lS_m/séc ‘

=634.86N

w T, =



vifeRt F=OT
T—fen %‘31?:? oy (9)=186°=[1

ﬁxn)=3.14g%&m
Il W oy (2 = o

180
o= T Wt % T e (m) =0.4kg
T (1) =0.2 AN T (7) =1500N

UZ W A (¥)=15m / sec

AHd:

SR Ie LA o —

Te =mv? =0.4x(15)2 =90N

a7 Ty =T -T¢ =1500-90=1410N
g "L ghOSERec 3 i e
!
D _L02:3142x cosec 30° = 12568 _ 3\,
T, '
T, =0 _1410_ &5
A51 351

e, HEIRG etE wfe P =(T, —Ty)v

=(1410-401.5)x15=15127.5W
=15127kW

117

I

SETETUT 4.11—TH TEAT A | 1.5 m =16 it Jeft Rereras @i ar s1or45° €, 3% 50 100 kW
wifert URfYe et §1 9 200 rpm T YR @ ¥ I & @i T W % wer weur ot 0.3 %1 BTET
T (angle of lap) 160° 19w =T 0.6 kg/mmﬁm%mgﬁmmﬁaﬁamm 800N

FET Y Wehell §1 TS TG Sl UMD § ot 5O Fret i sford—
(i) TEAT it FE O (i) W aRfe
F—fean ®,
(1) . FNAM (d)=15m
(ii) @ 1 HI0T (20) = 45°
(iii) Tfya wfem (P) =100kW
(iv) Teit % SR/ fire (N) =200
(v) =907 U7 () =0.3
(vi) BTEF =101 (0) =160°
(vii) TR &1 9fd Hiex o= 1 5eqqH (m) =0.6kg



118 WA & fag=

(viii) gt atfirehad 1@ (T) = 800N
(ix) T | F&m (n) =1

(x) TR 1 SRfisteh 1@ T =?

T W, f s T

2
1.5%200
T =mv2 =0.6x(ﬂx x ]

60
—0.6x246.49 =147 89N
fe= ua ® @99, Ty, =T =T
| —(800-147.89)N =652.1IN
éqa 3kl _T1_ =M q,

o

oxn) tosec 22.5°

160

6521 1 — 60'3 X[lgo
T,

=213 =8918

o ; T, =652.11
8.91

=73.124N
s it wfe oML~ T2
60

_(652.11-73.124) x 1 x 1.5 x 200
60

578.98x 942.4 o
_ i ;‘0942 4T 9094528 W

, =9.094 KW
: VP 100
(Dem: i H e (n)=——=11
9.094
(i) TR ¥ Rty qE = (TO)=(T1 +T22+2TC)
_(652.11+73.124+2x147.8940) _1021

2 : 2

=510.5N

3

g



vifs d=mm 119

m4.12—€rmﬁmmm: 600 mm T& 240 mm &, T | w4
ﬁﬁiﬁ%@ 3';%'_‘3"2"'3@&@& 300 rpmi‘:'atm‘?%»%:?E'T'u:":w‘"‘"‘*’"""ﬁ?'aﬂ
il ok FEE st ot qutien 0.3 e g s A 10 Nmm 2 2 e

(a)wiaﬁmﬁ-m%&gﬁn

(b) U2 =T URftwE o)

(c) TAVTE UF Y wrard)

—fa 2,

(i) =<t It = =g (d,)=600mm =0.60m

(ii) B TER =1 =g (d3)=240mm =0.24m

(iii)ﬁw%ﬁ%aﬁaﬁ@(z)ﬁm

(iv) B T % /e (V) =300 1 p.m

(v) WW(P)ISI(W

(vi) Tet T W F <l srefor Torien () = 0.3

(vii) GUfE@ FEFR T =10N/mm

T W ®,

TR U2 w1 AN v =ndy N>
=3.14%0.24 x 300 m/min
=226 m/min

Ll 5000~ 1 =12)x26

60
o T _T2)=60x 5000 —1327N ...(1)
gl Ygr=ed ¥,
sin0 =£r1——r2—)
- : " ZO_‘6_0=0.30m
2 ‘
. 0.24

ry =_2_ =0.12m

/=3m



120

oAl % faer

m: Sina M:p——— =0.06
3 3
q o =(3.43)°

@’!Z"Tg?ﬁﬂ'{?ﬂ'ﬁm(angle of lap)
6 =(r —2a) =(180-2x3.43)°

_(180-6.86)°=(173.14)°
=3.02 Aead

T
=173.14x%
277180

ue _ ,0.3x3.02 _9 475

T a2, il
T,
Tt (i) (iD) ¥,
2475T, - T, =1327
1.475T, =1327

o T, =900N
w T, =2227N
(a) T T H SR bR
d: T, =10xb
2227.=10x b
b=222.7 mm
(b) T2 =T IR TS
_ ] =(T1 +T,) _ 2227 +900
3 . 5
| =15635 N
(c)gen wg e H 9 H A
L=n(n +r2)+-(i—_1—r2)—2+21
=n(o.30+0.12)+(0'30'30'12)2 +2x3

=1.32+0.0108+6=7.33m

.. (i)



vfe T=mm 121

3QI{0T 4,13 £
ﬁums@%aaﬁ?ﬁfﬁﬁ ST 3.6 m ¥, T ATE % GHT VIfeR ah1 Eeror et $1 et 36

ﬁm%mmmo :gmma‘ﬁm“o%'mm(angle of lap) 170° & T T&am 1 @I
Ra LRI SR s : lw.ﬁ.mm%()N%HﬂT@WW(m):I.Skg/m
M%@Wmﬁaﬁmmmaﬁﬁﬂm

To—fean @,

(i) Feft 1 =y (d)=36m

(i) @ (grooves) #i ww&m =15

(iii) @™ (groove) &1 vy (200) = 45°

(iv) BT =1 (9) =170°

(V) S IO () =0.28

(vi) % T (7') =960N

(vii) T %1 ST () = 1.5 kg

(viii) T W 92 & afeiir 3m.(y) =9

(ix) H=id Afaean wifeg =9

T WA €, B sl v SeRe ¥ o whe
T e =3T3

Ty =3.mv>

i V= Tﬂ = (960 }=14.6m/s I
3m 3x1.5

. . . S T, 0 0.28 X(WO x%) cosec 22.5°
r@%aﬁ'—hmﬁw,#:eu cosecar _ 180
2

— 62'1698 = R.T56

T Tr =mv® =1.5x(14.6)> =320N
Y= {1 (T,) Ht SHF g F st T H S w2
T4 g8 ot 9§, R T=T +I¢ .
=1 T, =T - T, =(960—320) =640N
640
\ - =73.09N
o 278756

T g i v P =(T) —T,) v =(640-73.09)x14.6
—8279.72W =8.28kW
S| 15 wedi g TRfvd ufE =8.28x15 =124.2kW ==
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§ 4.5 9 =TT (Chain Drive)

g1 =e iR e = ¥ g <@
mﬁﬁﬁmﬂnﬁmmﬁlﬁwﬁfﬂa4.l7ﬁmﬁh%l

%an(rigid)mﬁfgw(hinge)mmmmmﬁr%mﬁﬁ?
ey ¥ fu oTewE e Bile
(flexibility) s @1 ¥ 9fedl W IR
qU SR BR & S WA % @ A R
_ gr AT ded (positive drive)
I ¥ 39 YR =4 @ el T E -
T % few fes (Constrained) G
¥ 3in fraer ea o AR I
e FUR &) SRR W, e
3 R fraw # difd € 8, Biehe
ofiean (sproket wheel) 1 e Tihe
(sprocket) sHEadl 2l
4.8.1 = =Ter &t SwAET (Utility of Chain Drives) |

%qamaam-mhmrg@wmqﬁmmam@%qwmammﬁﬁ%qﬁqﬂ%mm%t
a?ﬂﬁ?%awﬁamﬁaﬂmﬁmm%lmzmmmw%ﬁmﬂﬁm%lm
3 for e, T, Ae-aEEe, e, T (hoist) WAE X FrIe S-S (feed stockers) ¥,
wdm,gﬁasﬁ,ﬁgﬂaﬁmﬁﬁ%qwmmmél

4.8.2 Ugm ST TR AT Y gorT o O T o AT qet AT
~ (Advantages and Disadvantages of Chain Drive over Belt or Rope Drive)

qgamawmwﬁwﬁ%qw%quammﬁﬁﬂm%—
il .

| ST % a9 HE g 8 W =4 SIeF STEE & g

2. 5G9 TR W FH YR I 2

3. %7 M SRl 2

4. feoR FO WG e 2

5. % 99 g UF T W UF ¥ Hfus hrdl off Wad ¥ =G 5 9hdt 8
6.%W@mﬁ@nﬁwﬁﬂﬁmﬁ*mwmﬁn

7.9 o TR F e THH YA AU @A 2

8. 3 =er ¥ =9 IRVl &l (98% TH) W B Hehdlt 2

g&ﬁqﬁw@##}amﬂﬂﬁﬂa%ﬁ%w?%ﬁﬁ%ﬁ

1o A =fera 9 W




vfem = 123
™
1. 99 91 9R afus B R
2.%qm1maqfua;m%.

3.%?ﬁwfmﬁaafwmamﬁaﬁmm€ﬁﬁ%l

4.9 9T ¥ a9 g (Accurate mounting) & SrawHIqe T@T@E ®! AEvTHa B 2
S.ﬁaﬁm.ﬁm%ﬁmf@am%lwmw-wmwaﬂ@mﬁm’ﬁ
TEAEHA B R
4.8.3 ﬁa‘tw FHRTIT T ITGNT (Classification of Chains and Their Uses)
W%wwm%ﬁaﬁmzﬁm?ﬁﬂwﬁﬁaﬁamm%—

1. ¥T$%< 3= %7 9 (Hoisting or crane chains)—3 =¥ e S1ga. 367 e W wam it IR
HERLE TR0 S TN -
(i) 315& g =7 (Oval link chain) e
(ii) FMHR FF 3 (Square link chain)
ATe FE =T R wed had e F A ¥ (Rw
o 418() | T A % s s dvs e T AR m
T for fafire yoR & oitve wim =9 TR SR am & \
ﬁﬁﬁﬁﬁmm'ﬂﬁ'ﬁm%ﬁm(anchors)mﬁl (i) 2Nae TS =
TMHR HF =1 F Hed anier M 5 o & (3Q ‘ |
o 4.18 (i)l 37! @rT Naw AHR At =7 ¥ FH D@ — 5 d =
? T e el S ¥ Al R e wR @t Ry |
A MR HE =1 & Y3 (Kinking) 1 @aW & 21 A S
2. aTgs o (Conveéryor chains)— 3 YR &t 3 (“) A
1 A FREF e F TaEl % AR SRR a4 g '
& fer 2 Rl
A 9y ot & FER e §—
(i)EEF%:{HﬂT
(ii)-sig g ¥R H =
fed 4.19 3 T o S YHR H AEw 3 KR T3

I GG SEqasd ol oe (maleable cast iron) i L
F T A R T = F 9f=er oia: wid T @@ @ @
3 A %7 i (3@ 12 km/H @) & fore & sem P '
STt 21

fors 4.19
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3. wiferd TRWOT = (Power transmission chains)— 31 1Y afirer fe w0 wifi TR0 39 S )
ST €1 39 YR W WA N vt Sed i waemE FEI i

W%Iﬁﬁﬁﬂ?ﬁ-‘ﬁﬁfﬁmﬁwwﬁfaﬁ S S— A
T ST 13 ¥ A R e e o, Q°

(i) =A% =9 (Block chain) = "z fide

(i) T = (Roller chain) ferr 4.20. =T =4

(iii) 3ifd =4 (Silent chain)

TR OF 1 91 91 9 Hgd 21 I8 319 3EIA oAbl & T T Hfedl Dl HSha THE H R
G SIS S¢S ©1 39 FHR % = TR & Sl o HIY IS gU dg-STe B gC A& FLaht §
Fiifer <l 3R Hed F 727 TIE (rubbing) Bl B1 98 %1 1fd W I=2 wfed TR0 & fore 3uga 3 21

Ao A Falfys ¥Em 99 9t =9 213 '
I gd HeEd 9O Gl § W o € |
I HI ™S T W T & O gRI HEfEd
ot B TH g9 F ¥ A o 3R 9l He
1 T oA fae @ i ® S e 4.21
H yefifa 81 T o9 ® N g (enclosed) TH
Ter st T B 21 FE oW, U W LA - for
s B § S S 7fEd & <Al B R 9 : : ;

@ B g 1, S99 Uer, fEs o forx 4.21. AR o
T % TR W € o weisa gt fErweht (by
grinding) TR A < ®)

39 = F1 el A R .3 98 e uifefE ¥ o erest e we S 81 A e
450 m/min A % faC F@THL A R
| yiE O S 7@ a2 (Inverted tooth chain) wt FEd ¥ 39 =9 1 SAUHeT (design) N &
fge w1 ¥ B9 el 'gEWEl | HHE S 3 9R
e g 4 fa fea T 21 59 =4 few W ? &
3R 3ae g o gfig & St ® 9 el Tiehe 9fgd &
T W B g e & W wgd g1 39 fie ¥ 2N
el Fifyrs uftada @ & 9 | S g

A9 422 % R T|® T& TW W =@
(overlapping) &Hfedi & &% I T =H A Hiedl \
e el @ T g g/ ekt 81 A =9 Sgd e &&\\\\
Bt € oI frdt R T2 onfg H TeE Sgd FH e
el 21 A g Sfed T o @ A A = fovawy fa 4.22. wiw <=
Fa1 2 € 991 vid uREeE YeH w2l




4.5.4 3 SO ¥ Srperr
(Terms Used in Chain Drive)

A B R tywm 4 v a3

(i) = &1 R=1 (Piteh of chain)— 9% & gt %
fe= ¥ (Hinge Centre) / 31Tk wgt § o fe=1
T (Hinge Centre) & weg T B et ICERWAE:
TR ? T p R =T s

(ii) = Wdhe @7 R sam (Piteh circle
diameter of chain sprocket)—a® 39 59 1 =g

ﬁm%ﬁnméq%%ﬁ%aﬁﬁ%lmﬁqaﬁm
R AV S © S T Ry 4.23 % wef¥fa 21 fox 4.23

ﬁA,B,CamD%?%%HéE%aﬁ?mamw
T 9, 9 99 Ao swew = e 99 = seem
2l

4.5.5 ﬁnrmﬁnrqam W vy (Relation between Pitch and Pitch Circle Diameters)
f?ﬁ{4.23ﬁ@@%€ﬂ%ﬁ3ﬁﬁﬂﬂ§%ﬁhﬁﬂﬂ%ﬁfﬁﬁ%ﬁﬂﬁm@(rigid)‘@?ﬁ%

mﬁqéﬁﬁﬁa,ﬁ%@ﬁ%m(Arc)wﬁ@?ﬁ%amﬁﬂﬁm@ﬁm(chord)ﬁ i Brdt
ﬁa%aw%qﬁ@ﬁam@,w W R W € WS whe ¥

HZ W O HIT A
A, D =109 99 =99, 91 T = $iithe W el =% g :
I« foaER o H ¥ p=AB =2.40.5in0 /2
" =2x(DR)sin(0/2) = Dsin(0/2)
' WA ® fF go=390" |
T .
p=Dsin[360 ):Dsin(@]
2T T
180
D = p.cosec| —
? ( T )
T weF & fow @e @ 9@ =@ (D) Sl d) =91 AeR F1 =
Dy =D +0.8d,
4.5.6 = wTer  ATUT (Velocity Ratio of Chain Drives)

. Ny _ T
o I H A VR =— =+
N2 Tl
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W@, N, N, =B qo1 5 e F FE: {or 1 (rpm )
am T &7, =R a9 9 Bk T HAL: A B TS

%q_qﬂ 3ﬁ.gﬂ.l.ﬂ,\a"/:'n’.D]V.:1'.]’-1V
60 60
Sl D =The & fu=gd =A™ (metres H) a4l
p == H fT=a (metres )

4.5.7 9 & wTvaTE qen 5 gt (Length of Chain and Centre Distance)
fa—4.24 % W 21

3 o F e} oI T gen o = e

o 4.24. é-—rm'fam?

HAT T; ql T2=@ﬁama:%1=sh%rc’q1m:€r€?faﬁ€@r,'am

p £37 FRE (Pitch)

_W{a
%ﬁ'aﬁaﬁé(m%ﬂmqﬁm(mamﬁqmﬁa(p) %w%wmmﬁw
31afq L=p.k

m#mﬁmﬁﬁﬂ@mmmmm%—

(h +7)  2x {Tz Iy g
| 2 p 2n X

SoirR g A T HE F) G B TAF TH HEA (nearest even number) H I m%l
W{ﬂﬂﬁﬁﬂﬁammmwm%—

=P k- h+T | (K_(T,+T2) 2—8 T, -T, ’
4 2 ‘ 2 2n

K =




wfer g=ro 127

371 ) SRR T (Initial sag) ) TR 03 3 forg TR A 4 T 5 g AR 2
5 mm T T S Hehdl 2| '
Ae—1. 313 TRomh ¥ for =pem Fia <, fre & 30 T B 50 T T A A
z.éﬂmm3aﬁ%ﬁqwmiﬁﬁﬂmvﬁm%—
_(dy'+dy)

X +30 ¥ 50mm

min

§ 4.6 FTEX AT (Gear Drrive) e

oftys WU W, el U e A sneva 2 €, v e el (gears) % WM A
fora ST R

firrt T YR 1 ofewn @, fowt oRf = SR o €W §1 R e S T ff T R ¥ g
TR R U SER0 § R S 21 5@ wer fafa ¥ R gz, T A A Ao w9 Wl d 9
YO W HH Y HH TH-TF (R O 2 21 ¢ T S 9o (positive drive) fafe & avefiq s
ferer (slip) &1 Bt 21 39 =em & feeR 3 U@ W el &1 FrRR = & v TE aRfeafe §
A & el Aok a9l =feld W ¥ HeA wgd wH TR okl e—

4.6.1 H@TW@'&WW(Fricﬁon Wheels and Gears)

o 4.25 1 acisa it fa & D JOER Ufed AW 49 B Hel §R Q FHARR IHRT T A
WA T &) 9 9 4 <faroma e (clockwise direction) ¥ EY gU Ufedl H Wl W EHUT 6
FROT, I B %1 arEd fEu (anticlockwise direction) ¥ F ¥9¥ff o1 (tangential force) TR SHTAT
2139 g A vl ol F o fewn & faudiaus s 9@ uR ST 8 ST e At il sel Fos1 3
o1 el uR A St 2 A AR afiedl % Tea frwer (slip) Se & S st ofed 4, R B
mﬁmméﬁqﬁa@m,@%mﬁB%wuﬁfﬁﬁm@mﬁaﬁtmmmw
iAo ¥ ghml \C" - '

>

fa= 4.25




lzls oA % fagr

eﬂa:qf%aﬁ'aﬁqﬁfumwgwﬁﬁaﬁ%iEemaﬁaﬁm%amﬁ3wmﬁﬁmﬁm
tﬂﬁn‘élwm@q@%aﬁ@m%aﬁ%qw@wﬁw(rccesscs)ﬁﬁ'amaa?f%,ﬁm:
ﬁF-Hﬂ"I(slip)@l?ﬁmﬁmm%@tqﬁﬁ%mﬁaﬁmmﬁm%,%ﬁﬁ'ﬁiQZSI

4.6.2 TraRt &1 FEfteRton (Classification of Gears)
firRY =1 STl o SER W fRAl W 8—

(A) TITERY Y a7aht it fefir (Position of axis) & STEN T
(a)wmqﬁmwmﬁ— zq feafa areft IToRT T fita (spuf gear), 3fcaa

firr (helical gear) 3R & o fufem =1 sam e s ©, of@d fast 4226 (a)(b) 7 (c))!

z E 1\5%&9- A
. _
TR JRRARRRRRIRORER AN iyzen ) (i) e e A ,
: et R frr %% (Rack) % I T
@@ (b) &feTeRer fiER (c) Y& d fufar fire
for 4.26

. ﬁmmma@mmmwmm%
%r&ﬁrmm%laﬁﬁmﬁmmaﬁ%?ﬁaﬁwﬁqﬂﬁﬁmﬁw%lﬁmaﬁﬁmaﬁm%
o 9 e g2 o AR % O 6 FRO ¥ W s1efta = T T 81 AR T
e 7 feart 7 fpaer Al iR (sliding gears) F F9 ¥ fan S 2

amfie ¥R il (internal spur‘gears)ﬁﬁ?faﬁﬁﬁm%mﬁﬁmﬂaﬁ@ﬁﬁlmﬁm
(annular gear) W& ST&l =f o TR fieR (spur gear) ® g Y, vifek 1 HEROT Shidl 21 g1 i
a3, fe9 (same direction)ﬁ‘{ﬁ%’lEWWWWWW@?(epicyclic gear
train). & 1 & F7 *Q F g, fafs= et SiRY (machine tools), =i (clutches) e FHufa

(opposite hand) & 2 T EW &1 A A FHR & B T—
(i) 3@eq aeer fER (Single helical gear)l
(ii) 280 @R fit (Double helical gear) =T et firr (Heringbone gear)!



(straight), Fe1F W 7q (inclined) 1 TeamHR (spiral) € T=a 2

(c)mm@aﬁnm#}mm@mﬁw.
m%uwﬂﬁ_mmffmaﬁmm%maﬁ@m
(womandwheel)mmﬁqﬁaﬁmmmﬁ,éﬁ@ﬁ?
4.29 (a)l 9 W Y9 = ﬁﬁ@ﬁ(theads)%lﬁw%mﬁwﬁﬁﬁnﬁaﬁmmmmm
mwﬁ-ﬁaﬁWmnﬁmwuﬁﬁam%ﬁﬁmmwm%lmﬁmﬁﬁmwb)ﬁ

~waﬁhf%mw%umﬁwaﬂwﬁmﬁ%ﬁwzﬁ%ﬁﬁwmﬁmﬁ%mﬁm%
N fof= Tt ¥ AR amus-gR W e R
(B) firaftr (Gearing) &y ¥ emam wx

W AMER W A HIHER F o g o—

: (a)wmﬂﬂmxternalgearing)——'sﬂmaﬁﬁlﬂﬁ'ﬂﬁﬁﬁmﬁaﬁmmwmé
O A FR-R IR T A ¥, A A 4.28 (a) A Frew foredia feemad H ¥
o fufrer i
pur gear

(Pinion) (Pinion)

N
2
(5
TR dfean
(Annular wheel)

(@) (b)
fax 4.28




(
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(b) arr=fia firafr (Internal gearing)— i o 4.28 (b) 399
< e ) T TAE W AR o o g1 W fira F werd e (annular 8 |
(pinion)Wﬁ%lwmaﬂﬁﬂﬁﬂﬁwﬁﬂfﬂﬁm@ﬁmﬂw%'

(c) Y= & fufv& (Rack and pinion)—‘c\rﬁi& fa3 4.26 (c)| HHI S A 1 AT T ¥
maﬁﬁﬂﬁaﬁwvﬁﬁqﬁaﬁhmﬁﬁmwél

(C) frre =t wag we gt @t fearfd (Position of teeth) ¥ M W |
TH MR W e et iR (straight teeth gear) @7 o fier (spur gear), AT 2ta- T (inclined
teeth gear) T ¥fTehet i (helical gear) wd @ A (curved teeth gear) Y TS FTa (spiral

gear) TEd £

(D) firdl & aiefT A (Circumferential velocity) & AR U .
vﬁﬁu%%wmmﬁmﬁmmﬁﬂﬁﬁwﬁmwm%—

(a) Tor=t A (Low velocity)— firdi =1 IR I 3 m/sec @ HH B 2l
(b) WEaH T (Medium velocity)—ST1 aftsig AT 3m/sec® 15 m/sec T TEA BT 2

ear)@‘@fﬁﬁmﬁﬁqﬁm

o 3

Wheel VN

MMM \
- //// o (Pinion) NN

7, ‘ "’_$ \

o= 4.29
(¢) I== AT (High velocity)—3 R 15m / sec'@ Ffes aReg a1 W iR 1 TR0 A F

4.6.3'ﬁl'€rﬁ T U (Gear Materials) e e "
frre Pt 3 fer 3fe. e o1 =i, Sua g aun e afrefeE o fore, W o ®

iy Tt St 3 fmfo § SERoTdE Gedl gl (cast iron) 1 SEATT T4 (steel alloys) 1 A
fipa WA 2 U0 HH IR IRIAA F0 & ol 3 Srrereha e F 0 o S 31 59 e awel,
e - fadfes R S e Suf 1 o g 41 3= gmed fird % faw = w1
2 21 =9 T firdl % fo ©ia w1 A @ g st S ST BT I A S Sl €
o ey 3 Fefon # ST R SIS 1S R S e o ~

firdl 1 = (casting) ¥, ffem A (milling machine) =1 fira wifsil #¥i= - (gear hobbing
machine) 3¢ T T FE TR W ; N

4.6.4 arfaa vifem (Transmitted Power) ’
A F =aes feR (4), 50 9fed feR (B) ™ o T TRl 9 (tangential force) (N) HI




v = 131

V =< fime (4) ﬁﬁuﬁa M m/s W
I TR WA (transmitted power) P = F x V Watt -

firr = H ¥ T 7 (tangential force) F ¥ Siaw, el % e 9 wmed % sam ofg #,
ofirs ofF HIRa X we &) .

4.6.5 TG ST (Gear Drive)y %t 3rey Tert ¥ g
v & W e 9 e d

1. fR = R or e o oken %0 g | iR R ¥ R s fem s d
frr =rem 1 o fafedl Y eiten @ iy W wfe SERO ¥ fad w-fE o
3. ﬁmwi'w@aﬁam@fﬁfwéﬂmmmﬁ,qmmﬁam-rﬁzﬂ
fofe ¥ 951 & W wem # o frwem (slip) @ e, -
4. R 9@ @ sy fream @ sseaw Wil TR ¥ geaEs fRn S ogwar 9
T H SRR wew wn e S ¥ avefq ge v (compact) Brm 21
6. ' % o WIeHl B I Foig MR (angular shafts) F feafs ¥ sifees g 3 v
¥ o TR R w1 D |
4.6.6 firax ATHTEAL (Gear Nomenclature)

fax 4,30 %1 st X1 39 fax o firm < & fafir
Lo

3

34 (elements of gear teeth) 1 gwfan

AR ATE. I T

(Width of spaée) " *(Top land)

1. firer fag (Pitch point)— fieR S 1 Wl WX Fi 3R w1 fag (outermost point) for farg -
Feama 21 D e oo el % e 99 @l g W s R :

2. frarg= (Pitch circle)— T e & fafe=t <idl % fr= fawg (pitch point) | TR awen 59 firw
F9 (pitch circle) Faarm '
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3. Rrergw =@ (Pitch circle diameter)—fi= F9 & =919 1 fr= 99 S (pitch circle diametey)
Fegd ¢ forell W firr F GE 39 fe g9 =@ (d) @ Wl F@
4. firer wag (Pitch surface)—rR ¥ 3R A e ¥ e 7@ A ©F gag T 2 1R e

2 A o7 4.30
5. forer @ (Pitch line)—3% 98 @1 &, frd T 3 wrew firer @t fredl 3 e T =0l e

6. gfta Rrer (Circular pitch)—f= 39 %t Wify W freh ©F <1 F fe fog 3, Im=1 2h g
sg&q fira firg (corresponding pitch point) F1 T g 1, g = (circular pitch) FRYUR P

¥ Tt e R
afe et e # fre 99 =W d’ @ iR @ Ry @S R Ee T @A T fre

nd
Pc=?

7. =arefa Rrer (Diametral pitch)—3€ e 99 =@ ® 7 @R A <l #t den Rt W o, 2
Tyt s Rl
Emﬁ'q ﬁa (Pd)=g

S.W(M_odule)—%ﬁaﬁmﬁméﬂﬁah'él@mﬁmmﬁl
_4
TTTE'{(?{'(m)—T.

9. T3veH (Addendum)—7E g% ¥ < % S 9 7 F BT T (radial distance) 1 H
) 'a k| E’?qul 5G| él '

@@(q)zmzi=1=_l_:m
T T Pd

<4 % w90 9E ¥ Sl €31 99 TSUSH g9 (addendum circle) FEET |
10. fs2uew (Dedendum)—e = 0 § <l 4t T 7% = 9F (radial) T 21 T b3

vefsfa fan/Sma 2
feven [ “J S f
1 (b)=| 1+ |xrgge =1.157 x IIgg@ = —=1.157x <
20 Pd LS

)

2ai T T (roots) ¥ VT N g3 g4 FE2usH g (dedendum circle) FEama 2
11. 3@ (Clearance)y—fRR & fordt 2 & wut fFR ), 38Q firem At e FIWHRTE
(root) TF . fIsa g0 #1 SaEM Fea 2198 TEUSH TH fedven F W B
Haaw =fedved ~@red = 1.157 m-m=0.157 m_ |
12. et g8 (Total depth)—'q? fmR & «3v8q 99 (addendum circle)‘_qéi fedven T
(dedendum circle) ¥ aea # oo g @ a9 STUEH F AT F W 2l ‘ !

b



iR d=are 133
13. 7 % W (Thickness of tooth)—firg W W R R ¥ dh ¥ = (arc) R T 9 2R
# e FE B
14, T % Sy (Width of space)—ux fir TR DA A F 70 w9 1) o
15. %W (Face)—frR &t sheré HAE (pitch surface) ¥ FW = = waw 7, =R 71 ¥y
(face of tooth) FEa ¥

16, X% (Flank)—firR 5% e ¥ firg
70 | |
17. Frereft waw (Bottom land)—=) <f ¥ weg firem 33 Freh T F weq v T ¥

18. T8 WX (Top land)—=R ¥ S7 wm %) e =) 2fq dve (top lanid) e
19. T FIT (Pressure angle)—2 A ¥ <A ¥ T fog W _3Iwafe @= (common
normal) 71 f9 & W Ivafre wef (common tangent) % w1 % Fo H <" O FE 4

20. w9t ATt (Path of contact)—= I[N F fire ¥ o F vy & T A % e fag g
w T man A, woe we weem

21. 791 =M (Arc of contact)—a) e a2 & e R
T e A, T =\ W e = e 3

22. fufsrg=r war v (Pinion and gear)—3T¥ ¥ e a1 ) el ¥ ¥ ¥ =g 9 e =)y
fif@ (pinion) T o =@ T ) firk (gear) Fed )

4.6.7 firat =t Fram: Sitem ufilt 3 fraa S =t whe

(Law of Gearing : Condition for Constant Velocity Ratio of Toothed Wheels)
wa‘nanétﬁwﬁ(@v%mwwﬁm)%am,ﬁmﬁﬁggmuﬂﬁ%,mﬁwm
& W A freR o % agaR TR ‘ o i
T s fag QOR, TP 3watS witEr (Common . :
tangent) 791 MN Ivafrs e 31 A A F FR 0, 7w 0, |
R IS T MN T O, M 70 0, M 7= T §1 3
431 e
femgeR fag 0 %t it W fem + W we R 5 W
R o F &t (1) w ferm = s = wwR T =81 fewm OC
i aft farg @ A <t (2) W Fem T R A TEH A R
feam oD @t wrn fag @ 1 M Wi (1) T (2) W FE: v,
a9 Vy R firR
o g, T A W R A AT eRtE wa My O
% arffen wew W A T

v).cosa =V,.c08[ et 4.31. firew = fram

|AE (pitch surface) ¥ ¥ 7R HAE B RAF (flank)

TR I 7 i 9 et g g
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(0 X 04Q).cosat =(w, x 0,0).cosf
(0 x0,0). 24 e

=(w, x0,G
0,0 (o X0, )026

0, xO\M =w; xON
o _OsN

(,02 OIM

T YR WHEY B 0, MP @1 O, NP ¥,

-~
~
\

o (i)d (n)ﬁ

O,N _O,P
oM OP

— s

©, OM OP

...(i)

.. (i)

...(iif)

I T @ W @ wofE- 3 SN, ﬁ-‘c’PﬁﬂFﬁGlr{mOzﬁiﬁﬁ%
. SGRIAUE B Sgal S FaE % W fag @ W EiE T IwafTS @, ZH Hs) @ faem el

a1 T fag PR SN0 37 % e % fawda SgOa § Fea

“wmﬁmﬁmﬁﬁaﬁm}ﬁﬁaﬂﬁvﬁaﬁm@mwﬁ%ﬁmﬁﬁmﬁwﬁgpm
fram farg (R firer farg =g §) B’ gt w1 3,
ﬂﬁ%@ﬁ%ﬁwﬁﬁﬁmmwm,ﬁaﬁgﬁmwﬁiﬂml”

“‘In order the have a constant angular velocity ratio for all poszttons of the wheels, the point

‘P’ must be the fixed pomt (called pitch point) for the two wheels.’
“The“common normal at the point of contact between a pair of teeth must

In other .words,

. always passes through the'pitch point
It is known' as Law of gearing.’

ﬁm%mmmwmmwﬁwﬁmﬁméwmmlm“ﬁm
=1 faw'" (Law of Gearing) oft wrgerTar €1 ST el A1 3aege < SR Ha ¢ 9 ¥ 0
(Root'Cirele), 39 &= & T B

4.6.8 2tat & Wk (Forms of Teeth)
amﬁﬁwﬁﬁ@m%mm}awuﬁﬁmﬁﬁ%ahmwahwmw
maﬂ%%ﬁaﬁmﬁqﬂwﬁm%mmwaﬁlwm%aﬁhaﬁmﬁﬁmﬂa
(Conjugate teeth) F&d 21
e fier At ST i TEd Y R, i Ao Wi IR0 1 HE EAyEE R ¢ g T
ﬁﬁmmﬁ?ammﬂW%lﬁ%ﬁaﬁ@amﬁmmﬁwﬂm%gﬁﬁ_
(i) TG 1 STUSTHR WrEe (Cycloidal tooth profile) a9,

-

S

(i) ¥ ¥ SRR F1 A FAGE TR (Involute tooth profile)
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(j ST A1 TSI HIHTEE (Cycloidal Tooth Profile)
Qﬁ"“’“(Cyd"id)Wﬁ?aﬁvﬁﬁlw@ﬁgmwwmﬁm%wﬁﬁm
reft Y T R FRES g {1 W faw 4.32—

2 -------

“4 cycloid is t{le curve traced by a point on the P A /'{\} \"
circumference of a circle which rolls without slipping on a | K {\\ \ Y7 HAD
fixed straight line.” _ // "‘)(";’} ‘SE \‘,, 2 ‘ :
w,ﬁﬁamﬁ%,mmwmwwmélm M- ’ \‘_‘}_,I§~_“I |
pEH W I0 W TF Th PA T 21 T PA Teaied Qi for 4.32.-5ET WA

Soreet & e (Face) ®t WERid tar 31 9@ 9 (1) T Fad
St Ya T TR @R o e ggesa € 99 g P ok PB TEE ¢ 3% PB I % Wrose
w¥% (Flank) 161 ]| 6 YR 95 BPATE a6 %1 3o 7vd (Total Side) = T 139 ¥R CP' D,
3t & g0 Ee F g .
qu"}'q‘rsﬁ’l?g(Epicycloid)—ﬁﬂ@ﬁﬁ,@ﬁm'qﬁaﬁuﬁﬁl%?@WWWW
%,ﬁﬁmwgm@ﬁgmmm%ﬁﬁm(Epicycloi‘d)ﬂ%‘?r
TENETEEFAES (Hypocycloid)—<a & g+, T e gv @t uRfa & areT @t A, T fmwet
W%ﬁﬁwww@ﬁg@mm%ﬁﬁmﬁm(Hypocycloid)%l =1 4.33
3 s 9 ABLT A'B' N Th THETEaiEs 7o gRdeeaiss H1 g €1 fd 4.34 F ThEReRiES
3 FEArETEeeEE H T H g9 Bl

form 4.33, TiEEETES AT FEUNEEEAES

(ii) ¥t % 3TTeRTT 7 AT ' 3ATIE s’ (Involute Tooth Profile) ‘
%@'fem.ss|W@W(smng)AB@ﬁaﬁvﬁﬁm(aasAB)aﬁagan%mramﬁﬁqa
@‘@‘WT(Unwound)ﬁmmﬂaﬂ%ﬁ%ﬂi@AB’mﬂﬁﬁhﬁTﬂlAB’WOAWE‘W%I%@B&@
31,32,33,3413{mng’Wq@W%WWBB'WWWW%L S
mmg.—qﬁﬂg,m%@mmﬁﬂaﬁ%mﬂwwéwﬁ@qﬁaﬁqﬁfa@@m
W%WWAB@I@:Wmﬁfﬁﬁmﬁaaﬂﬁ%lﬁﬁﬁﬁﬂﬁamA=5,4-4,4-3mﬁmﬁg|
fai:s,4,3a¢rﬁ:ammﬁ@ﬁ%amﬁwwﬁﬁmﬁm&s,g-4,m s ¥ st



136 Wi ¥ famm

it wreht &1 Rrgel W frem o e i &) f 435 § s @ B8, 8,8 oy
e T f

“

fa 4.35. yTgE WGRR

T TEITgE T 1 T fad 4.36 W faa TR el A Wi farg # qun 4E <i0 @ IR g
TeEd € e oM TeR W SR O 95 AM Ww B #1 3 ¥eR SR W) et ane w0 d
WO %0 fagda fm ¥ s R ST g@a €1 @l arc AQD = DB R

4.6.9 firat 2fai & faew (System of Gear Teeth)
W iR S % fr SR foew @ § an 9R 8—

(i) 14% ° HIfsTe faey (14% ° Composite system)
(ii) 14% ° qui g $aege faew (14% ° Full depth involute system)

(iii) 20° 9 TETE FAege frem iR (20° Full depth involute system) and
(iv) 20° == Faege faw=w (20° Stub involute system)
14%°wﬁzmwmﬁaﬁﬁm%ﬂmmﬁmm%lwm%ﬁmmﬁ

FW A A A FEEAEIE Th T A W TGS T O &1 F€ wogn g € W W
sT=afifa (Interchangeability) ¥ #reft 3 TR fafem wex sromn efa | a7 s ) 14-;-“131'@(

Trege 2 % AreTEw, TR a9 defw R & fag firr ol & wy s 5 ) frefos fed )
20°wmwagﬁm%aﬁmmﬁzﬁmmmmtnmﬁmm%ﬁm

20° FTH A TR F YR W TR WA F) WE Auw A Y wE W owwW ¢ 20° ww F[@ER
faen ¥ sfys woEa g B € St ot WR TR woaea R
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4.6.10 AT ATIR (Velocity Ratio)

m4.37mmmﬁnmﬁmummm@- O]
frrre & A Fr T 1 e v e Rt v A @) @

u&m@ﬂﬁ%ﬁﬂi‘f%ﬁﬂwmm:dladﬂ&rpmm: _é_
Ny ¥ N, B TR TSR & Rl QR frer o1 wRefrg 3 e g
KiH

Ll 2.4 -y
Ny d, I i
uxt _‘;;_2 & I W firel wr A s (velocity ratio) =g 1 o
1

firr 1 94T YA (velocity ratio) TRV TH ¥ s weid fea S 81 T T @ 4
FIIM T § T D R, N ITH IR T UF N A wOwei fHE I )

TR 4.14—fwt TR AR (spur gear) W 120 =W £ i 7% 100 rpm T g &) TR
wrt frer 0.4 %1 g fraw u gk frew 3 300 rpmw w@mr §1 26 et % e gt =

(pitch circle diameters) T 3T FUET & & 3 W F T T Fiwn gAY Rrew Wt =
W ft A &

w—fE ¢,

(i) wow firR W g A wem (1)) =120
(ii) wgw fraR & rpm (N, )=100rpm
(iii)aw R =1 =g = (P ) =04
(iv)TR R % rpm (N, )= 300rpm

(v) I el & g =@ (dy, d,) =?
(vi) S T % mem gl =7

(vii) TR firm < =it e =1

w2, mmﬁau:d)=o.4=§-
1

120
q 04=—
d
31“: d1=300mm m
] .A_’E.=_‘_i-l—=zl— q1 &Q=@'




138 u¥iel & fagm=
100%120

T: '—'40

m \ 277300

i . 300 _ 300

’ 100 d,

m d2=3OOXIOO=100mm

| 300

;IR el 3 W R ol e g,
(d; +dy) _(300+100)
2

=200 mm

IW

IR 4.15—F FHETAT Vot & el % sfer @t gt TR 1035 mm §1 U I @ T
o St T Firedl a0t gt @ s §1 A @ areger 20 mm 4t gud e @ yem yee %
mmﬁ?wﬂﬁﬁmﬁﬁﬁﬁmﬂ%aﬁaﬁ#@lﬁmﬁmm(accurate)q&

T ST ,
T—fea v, :
(i) ‘qﬁwmir%am%anﬁ 1035 mm’
(ii) i =1 AISgS (m) =20mm -
(iii) faefra W = R (V) = 35xnmwaﬁnﬁr 35xN, |

(lV)ﬁﬁmmwaﬁM(]ﬂl T2) ?.1" . : -
(v) S IR & wem gend gt =9
T TR &, R |
_41_d,
: -W(m)-_f_};
Hd: N dl—mTl 'Qa dz =mT2
aﬁm%am%m@ (“;1 +d72j
5 : | 1035="(T +T3)
2
7 | m(Ty +T,)=2070 M  20(T; +T,)=2070 -
0 (T} +Ty)=1035
No Dy o LIy

N, T_z | T,

(1)
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Ll T, =3.5T, ... (ii)
Fto (i) ¥ T, I A o (i) ¥ WA |, |

5T, =103.5
aa: T, =23Td T, =3.5x23=80.5

T —8183 T R 2R e fre B @
-3 2R W % wen e g _m( +T3) _20(81+23)

2 2

=1040mm =1.04 m I
wmn4.16—aﬁmﬁ%mlskwwﬁﬁwﬁaaﬁmﬁ%mﬁmﬁ%zﬁﬁmwﬁw
(tangential force) 1600 N 1 afy afere firae @ SiEr 3 @ 60 @ @t fu=r 40 mm 7, ot afed
firrt & rpm AYT FEAT A (pitch circle velocity) AT EEpt
W, . 2 S
(i) TR wfR-(P)=18x10° Watt
(i) Tt T s (F) =1600N
(iii) = frR R gl 1§ (1) =60
(iv) T f= (P, ) =40mm |
(v) fore o fd (v) =7
(vi) 9fer it &% rpm N =?
T W €, fF— R wRR(P)=F x v
18x10> =1600x v

| 18x10° .
a7 = g T (V) = =11.25m/
V) =500 ’
| | . xd,
w g4 fr= (Circular pitch) P, &
: 2
| uﬁdzqarzamﬁma;mzﬁaqam@ﬁﬁMaﬁwﬁ%l
Ll
60
- #a: ' d, =76433mm
- i v=nd, N,
11.25x 1000 % 60

I Ifed iR & N, = =281.25
P2 =3 4% 76433 pm EAl
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4.6.11 fraT WTEAT (Gear Train)
wﬂﬁr(power)ﬁmmﬁmmwmﬁtﬁﬁ,ﬁmﬂﬁatfhwﬂmﬂt
FHrerT (combination) @, fiTa AIEW (gear train) g ¥

“The combination of two or more gears o transmit power from our shaft to another shaft is

called Gear train.”
ﬁfﬁﬁaﬁmtﬂmaﬁmﬁmﬁaﬁmmmmmwﬁtﬁﬁmw

<fem o) ¥ WeA U fYd an 79 (velocity ratio) < fiFa o 9%
fafir=t WER ¥ Fradl % T w0 F MR W fieR Ared (gear trains) FEAG: IR TEHR F ol ¥—
1. 9% R wren (Simple gear train)!
2. ¥ iR wen (Compound gear train)!
3, 919 fat " (Epicyclic gear train)!
4, weraet firR wren (Reverted gear train)!
Sy fir el @ fage faacor fre sTgsee) A e T — ®
®

1. Wt fira wren (Simple Gear Train)
wﬁmmﬁmq&aﬁmmww—mmmﬁmtlw 4%7 'é‘
araeaT H 2 yTee fyade el & gweht €, 2fed fod 4.381 A =@ w@

<fera Rl 1 e 99 = d, T dp qNSH aeE e T, @ T 9,

@ | \
5 P

<o feR &t @i afa == fre & @i i N1 O
ndy Ny =ndg Npg 5 ¥
Ny d, faw 4.38.

q1 B8 _"4
N, dpg

wiife § T A @ il 1 79" {9 (circular pitch) T8 B ® WieR 31 firgdl W S| &t
T v it & fre 99 = & werud @it T, T % 9o U afed il W @
@& B o AT S
Npg _dq _T, T
N, dg Ty (1)
e T wITeEt @t wEE e F g §, A e g afre et 3 e fae weameit F avat
T, d, ater yenfe frfera Al (idler gears) &1 Wi, =imetss wa wifere vl &% wen a@rsht @™
& argar fear smamm 37 Frfera Rradt &, frae wrer & & s w@ =i v off T f
g o 4.39) @ fo ¥ =i v wfem el & w9 o ffsRa i (idler gear) @m gan
femrn T B T W @ o Al F uEY @ R v #) - \
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Ife =, I W fifsrr i =1 = m ﬁﬁmﬁm ® e
w TN F T F d,,dy,d. T firr
TAsTB, Tcﬁmaonoﬁom N,,Ngd .

N¢ ®i

A% frR 43 iR € 9o fire C 7 i B
| § gk ® R ferm 4.39.

am: firrR 4 =1 et an1 = firgg ¢ =1 fefig &

-q' TtdA NA =nchC

a Ne _d4 _Tc ()

Ny de Tp |

| firr ¢ =1 oftd 3w = firr B & it 3w

q : ﬂchc =TtchB

- Np _dc _Tc ...(ii)

T (1) T (ii) B OT FH R,

NC)(NB =dA Xdc =£XIC;
e Np _dx_Ta .. (i)
TA

3: an U (Velocity ratlo) N =
Ny Tp
=0 YER &9 2@ & % iR Aen ¥ 3 3uE (velocity ratio) R ffeRa fr (idler gear) 1 18 I919
T 21 afy wete @ Afed fERl & 7T qW WS (even number) ¥ 314iq 2, w1 a1 B: T fremd
(idler gears) &t YAWT feran TE A et W wfera fradt @t fed feradia @, <l i 4.401

fAfsra_ fimr
® (Idler Gear) o

o= 4.40.

mmﬁawmﬁmaﬁmﬁmﬁmmmmméﬂﬁm

(velocity ratio) sft @fio (iii) % TR B g@t ot fAfsea e (idler gears) W BT TN C LRI
R ﬂﬁt B .
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2. wyge Rrax wre (Compound Gear Train)
wmmﬁm@aﬁﬂ'ﬁmﬂz‘fﬁ'ﬁmw

w-UF frgy qun wreatiE e (intermediate shaft)

v @ ar avfers frae o g €, Afd o 4410 1@ R

nren § wreafirs i (intermediate gears) I e =@ A o

Wﬁﬂﬁ‘@hﬂmmmﬁmﬁmaﬁaﬁfﬁmﬁ

3 o freren |wwa oA # wfnfea Eieul I

3 4.41 ¥ femr 9ge X AT (compound gear
train)ﬁﬁMAaDWﬁmqaiﬁMCaBamaﬁm
F TWE HE HA

ot frdl A4, C,D,B %1 f=@ g =W FE
d, dc,dp,dy 3 wenw Iy, o, Tps Ts
& w6 pm N, No, Np 3 Np 8, @

ﬁmAmvﬁtﬁuanJmcmqﬁtﬂwaw

q1 T[dA NA =ﬂdeNC
m Ne _d4_Ty

N, dg T¢
s@m,-ﬁmpﬂvﬁ%ﬂu?ﬂﬁmmﬂqﬁaﬁaan
q1 deDND‘zTCdBNB
o Ng _dp _To

Np dg T

o (i) T Ei) A TN FA R,
NC X NB =dA XdD :g—‘x_&_

NA ND dC dB TC TB :

aﬁNC=NDiaaﬁﬁ@wméﬁﬁwﬂﬁ%I

Ng _d, L 9p I, Ip

3dq:

N, dc dg Tc Tg

WWW%rpm_Wﬁﬂﬂ%ﬁﬂéﬁﬁTﬁfﬁW

i S =Ie FRR @ rpm <t A @ fo= g SarEl st om
;W»ﬁaﬁwaﬁzﬁ'sﬁtm

| - fera fird W S il S Ten

~a l < (mﬂm&ﬁ&n.
i i s
A A
5y ¥
fax 4.41.

()

.. (i)

..(iii)
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3, T et A1 Afu=fshan firaw wrem (Epicyclic Gear Train)
ﬁa442ﬁ@mmmaﬁuﬁmwaﬁmﬁhmwé|ﬁﬁﬁﬁm3®H“"Ca“a"

(0,)% oA %mélﬁmAﬁmB%ﬁam%amﬁmAMaHOI%W T‘Wé"

e S 5@ §, A R Aren wemer firR A H wE i HEEn < © ®

it afz TR B # 9 W e w1 @ik o0 ¢+ weE@ | ek 4 ®

Hl, ﬁmBaﬁvﬁfamwaﬁﬁaﬂ@m?ﬂﬁaﬁmwm

ofim g 143

04 "
Gﬂ?ﬁ %l ( @ 3 __O) ‘\‘

“In epicyclic gear train the axes of the gear wheels rotate about

the axis of other wheels in addition to revolution around their
respective axes.” :

. Eplicylic gear ftrains are ‘used in dzﬁerenttal gears of (Sl?;fo )
automoblle the back gear of lathe, wrist watches, etc.” |

STl =ehia IR e &1 o ST (velocity ratio) 1@ HTTHIQA |
fafer 3 S = =

) . ferr 4.42. i
1. wiftelt fafer (Tabular method) T3
2. seprotiag fafy (Algebralc method)

1. wreoit-fafir (Tabular method)—Al< TA. TS Ty H99: i 43 BT A ot we & Felam,
=1 ) TG T AR W ThR A 9 B A (axls)sﬂ@{ei%mmﬁmﬁmﬁlmﬁmB
amrad fam (anticlockwise diréction) ® TH FFhL [HAT- ®, @ firR 4 <faomad fwm (clockwise

direction) & zTr—BW A ararEd faan ® fRR B % B SR TR SR 6+ R B

a

ﬁmmﬁ—%wmwﬁmaﬁmﬁnmﬁﬁaﬁmmu
4

w%?vmaﬁﬁmBﬁuxwmg\muﬁ @ fw 4, —x%wmmmﬁ

A

Mﬁ%ﬁwmﬁﬁ@%%i@mﬁﬁmw%ﬁfmmmm@m@sﬁm
e ¥ forgt T €, x @ oM H 27
mﬁmwm’tgm(mﬁ+ywﬁ%®ﬁmm%mm%aaar&ﬁ+yﬁ
e gty dfm o frad B
Wﬁﬁu’-’é‘lﬁiﬁm%@ma@“(condltlons)ﬁWﬁlmeﬁﬁ@
Wﬁwwaﬁnﬁmaﬁwn%ﬁ%t |



144 A & fEE

|rvft 4.1 _
wH foran ﬁmtmtﬁﬁ'ﬂm#mﬁ
i sl firat (B) i (4) |
T
1. gwcﬁm%mﬁm&nwﬁq}m% 0 +1 _T_f
9. |y Cfewr # qe TR B, + x T T @ o) +x _x%
3. |¥ C,+ yTFH T 1 +y x+9 y_x%:f_
T < iR, A % A S R

9. sfermfordta fafir (Algebraic method)— 39 faf¥ L
ﬂﬁﬁﬁaﬂilwmﬂmﬁaﬁm,ﬁmmﬁ

nﬁﬁ,gwmwﬁnﬁr&f#mﬁmmﬂm%
S T fir Ed grafa we ®§ @ W (conditions)

mﬁaﬁ@wﬁﬁtmﬁémm
ﬁmaw@maﬁﬁﬁﬂﬂﬁﬂgﬁﬂmﬁaﬁfm

# SR IS & €9 W TF Fad
(conditions)ﬂ*ﬂmﬂﬁﬂm#ﬁﬁm#ﬁﬂﬂﬁﬁmm%mmﬁﬂﬁmaﬁ
N w2l

aﬁgmcaz%,ﬁﬁMBaﬁ,gmc%ﬁaﬁaﬂﬁr:NB—Nc

=it v it A, 9 C & qne M= N - Ne

ﬁﬁWB@A%@QWﬁ%,WWﬁﬁﬂﬁaﬁwﬂqﬁn

a: Ny—Nc __Tp
Nz —Nc¢ T,

Tei ¥ C H aG g AA B, T N =07
Ad: .EA;:-—Z_B_
Ng Ty

Ngy—Nc __Ts

0-No T,

Ne T,

aravas (Important)—aTel S fTaX @ (epicyclic gear train) ¥ gafya we w1 g §H
_ [

fafy | amEE e 2| m:mﬁfaﬁﬁmmmﬁﬁﬁmmwﬁmmél
T T 71 e Rt HIET & WY a9r 39T (Advant icycli

o el ' e o @ vantages and uses of eplcyglc gear
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%WWW%'Wmemmﬁmtum: w19 A, T
&% (pulley block) ®, @ (hoists) ¥ e sffdmeme & favd firx (differential gear of

sutomobile) 3T et

4_-;;:13'# firaR "It (Reverted .Geaar Train)'

(reveﬁed gear train) wed £
“When the axis. of first driver and.last driven gears
are coaxial, then the train is called reverted gear train.”
fad 7 4.43 (a) T (b))l Fiifh 799 Td Hf=w el &
o 3 fe WA § 3 T8 §IH R AH (compound-
gear train) &1 )

3@ iR Hien. 1 S Sl 4 g Wi €@ (lathe
| machine tooly s 9= iR (back gear) ® foran S (.
AT, T, T @ Tp #W firRi 4,B,C 9.D W T
® @ T Ny, Ng, No §.Np &6 il @ waw

o F e WafEe g, W ‘
‘ © fr 4 w0 o A = R € L IR A

i, ) | TEdA NA =TtchC
_ N ML
Ny vde Ic
T TR, firR D 1 dfceE 91 =firR B &1 o o
mr TCdDND':TEdBNB
, Ny _dp _Ip
Np dp Tp

Tho. (i) & (i) 2 T A W,

aferd fir
(eoaxial}sﬁa’rwww?}w@mﬁﬁmw & "fm

@ iR

c D

T N = N, s S R T TR T EL
' NB_dA Xdl):TA XTD

3 =
NA dCXdB TCXTB

N¢  Np _94 Ao _TaxTp
ND ND dc dB TCXTB

= :
AL T
® , I'A—-FFc»ii 5
SArgek— D —*
I
%4.;3,(9.) b
(1)
..(1)
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0 nmwﬁmﬁrpm—aﬁmﬁmﬁaﬁﬁagﬁm#ﬁwﬁ“ |

Tferd el W = 6l T
fert 3 STTER SR 1l 3 Ter g A @ wd =R firy % 9 79 (circular pitch) F W
T R

3. ¥y +rC =rp +I’B
m . dA +dc =dD+dB
q] TA +TC :TD +TB b ---(iV)

Hﬂ”fo_(iii)'ér_(iv)aﬂﬂﬁm‘q'ﬂ%sﬂﬁmmﬂWﬁﬁﬁMW%l

TETET 4.17—TF A AR wren fo 4.44 ¥ @ = = frEw 4,1000 pm w
=farutrerdt from (clockwise directioms) & ‘{HT-IT%I fitaT 4, C, D, B TT Tdl st HEAT FHUW: 40, 60,
30 wd 50 &, aF =fera e B a?_rpm@gqﬁaﬁ‘ﬁ?ﬂaﬁaﬁﬁ'a‘l
| TE—faT 4.44 (a) T (b) T IFEARA Hi
o fR A, C,D ¥ B % % W _fode
Ny Ne , Npa Ng &, @

Ne _Ty \()
N, T¢ n
o No.Te. G
Ne Tp
: Np T .
o —B - ] ....(iii)
Np /TN

gfto (i) T (i) TH (iii) B O FH T,
Ne  Np Ng Ty Ic Tp
NA NC NDF TD TD TB

= Np_T,
Ny Tp
i Np=t4xnN, =i5‘.g.x1000

Tp

| ~ =800rpm o I
iy e Td At el % wen S fifsEa FR (idler gear) ¥ o: =g firm B % fewn 9@
AR 4 ¥ faofe foan ¥ 20t ayefq avarae (anticleckowise) oo  anfh



ITTET 4.18—= wyfiy T (machine tool)
# RO 445 % ogEn wgm P mmen
(compound gear train)wmﬁamnm%mﬁ
ﬁmun‘lzrm%mﬁqaﬁaﬁwmsmmw
gw T & 79 fivR B, C, D, E |HMT=R g2t
W A @ ST afew fraw et iy epm &
v Wi B 4, B, €, D, B, Fuvet ay
|EAT TREW: 20, 50, 25, 75, 26, 65 &)

T—a 4.45 (a) T (b) T e Ff
mﬁmA,B,c,D,EaFésrpmNA,NB,
Nc»Np,Np 3'Np € @& i & e 7, 7,
I, Tp, Tea T B | |

TH 9 2, A

vfem o 147

o~

0 . NF =20X25X26
' 975 50x75x65 _
- Ny =20x25x26x975=52rp
50%.75 %65

ITEIUT 4.19— HIT T 7TfT @t 3000 rpm &/ 600 rpm T T T &1 =ferer A it swdvar wih
& W F T o Hyget Fram Wi (compound gear train) ﬂﬂ@lmﬁﬁl‘a%mmﬁm

(spur gear) Sucten § firah giat & wen frr §—
16, 20, 32, 40, 50, 75
TA—aISd Tfd ST (Velbcity ratio)
| _ 9T % 9% (rpm)

~ =fed ® =5 (rpm)
_300 _, |

600 .

T ¥T 94 &, fop Sgaa X AN (compound gear
train) ¥ %7 ¥ %7 =R firR A fRY 9§ O TR
I IR TE afed W W I fed T el 7 9,
H Rl =1 wim s 2, fme 9 oW 5 B <fed
3 4.46.

fa= 4.46.
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- 3 N, «fm firdl w &6 S w1 e
m’ ' = . ) . ’
Np s el ©RR w den wt e
N T xT,
- A _"BXD
ND TAXT(

mﬂmmsmm#mmﬁm FRT, =20,T, =50,7, =16 W@ T, =32
maﬁﬁaﬁwaﬁmmmmaﬂmﬂﬂmﬁﬁ Eipuf
N, 50x32
Np 20x16
MY (Important)—I&l W = F rpm.3¥ (nominator) T A h.rpm & (denominator)
ﬁr@mﬁmmanénaﬂcrm(velocntyrano)mﬁmm%aa\ﬁ%ﬂaqgrqmammzﬁwqmﬁ
Ay wefifa fFn s 2
muo—@qmmmﬁ?ﬁ?ﬁmA Bacﬁl—atuﬁaww‘r%lm
ﬁramuwz e 2w FTa € W 32 = et §1 e firr B, ForEht e 4 qen g fraw ¢ &
WWﬂ%WﬂﬁTOIOZﬁmﬁﬁmca?uumlSrpm%W%l'ﬂﬁ’m
(annular gear) 4 9SG, ﬁﬁWBHCﬁﬂﬁrpmﬁmaﬁﬁﬁl ‘
TA— @D o7 4471
(i) Serht fRR (Annular gear) 4 T i & GEA(T, ) =72
(ii) 7€ fR (Planet gear) B W <fal =1, de (Tg)="? ,
(i) gF frR = 3l A T (Tp) =32 TR e firR

(ivja'a'eﬂ fifR (4) fer %I_ Y (AnnUILAs gear) ‘ (PlaneBt gear)
(V)-ﬁI'ZITBaTrpm(NB‘)=?‘- - | |

£ (vi) fERC & rpm (NG ) =2

-

&0 WA €, fR ) o . (gfn(:gear) (Arm)
dC +dp —dA
2 2
a  de+2dg=d, ' fo 4.47.
aﬁﬁ#ﬁﬁm mﬁmﬁ% ¥ sﬁ%q-rﬂaﬁ%r(cucularpnch)m%
a7a: S +2Mp =T,
?T[ , 32+2TB —72 ,\-‘qT 2TB =4O Y
e T, =20 ‘ I

fafy= firdl & g Er T 9@ Fw % T wRot—4.2 TR



=18+18x—=18+40.5
32 =

= 58.5 rpm ( aTwTER fewm # )

vt Ao 149
FRATIER, _
- . Ny=0 - o (fem R
- - X+y=0 (i)
@a?ﬁ . T & 9 5 =13 . (i)
el IS ! Fmrer feen (anticlockwise direct; ' ; - ‘.
d
- e R By ise direction) ¥ Swen gan WA & we AT fwn #
. HRUft 4.2
o , l?"“ o L v e & ot sramet % we
: = | few@) | fimm B) e (c) .
L | ¥ R € aen firer 4, 4 1 wram 0 +1 A Ty TB') T,
Skiuk] - 5 | )R
2. | PR B A fRR A+ xmma | g +x Ry Ta
T g R ; Ty T
3. | I +y TFH | Pt B oy SN yezla O
- ' Ty Tc
wilo (i) ¥ y H1 79 Wl (i) ¥ @y W,
- x +18=0
x =—18.
A - R B % =at N'B =y+x><;—‘4
A A
=18—18><7-—2
20
=18-64.8 '
—— 46.8 rpm o | A
FES 9% (negative sign) Tfaomed fawm (clockwise direction) 1 waftfa e 21
. TA
TS ﬁmc%aﬁ?Nc:y‘x"T_
C
72




150 Wi % faer

TETEUT 4.21— U RS 39 Sifh T 4.48 § foardt T § o
T frae P 1 gt & W 50 @ fimy § ° gt @ w75 {1 e
100 mmmgnmﬁmpaanﬁrma&ﬁm}m:(n)ﬂmsm%l(b) Je.
firr § Wy @ fredi fgom & 200 rpm & gwaT ) | .

TA—f9 4.48 1 saciEA st faa 2,
(i) T PR T F g&m (Tp) =50

(ii) Frat § W < | wem (T ) =75 for 4.48.
(iii) 1 4 & rpm (N ) =100

RN 4.3 T &) aEEd T W e o W

HRUt 4.3

E2 femar firar wre & fafiT=T sragal & waet
e | . 9T (A4) i’ (P) R (8)
1|5 R @ wen frR P+ 1w R g R 0 +1 _%

2. |9 feom # Ae fRR P, + x TRt S €1 0 C4x ._%

3. |9 + y=ER QU R ’ e X+ y y%c%
HAT{ER, .

(a) 5@ firw § fer R | |

/.y ()

(=&l g% gH %1 g (direction), IMEd (anticlockwise) W T8 1)

. Tp y

—xx-£ -0
TH y xxTS ..(11)
100 Sxx S0=g oare T x L]00% 12K 150
75 50

37 frr P& @ Np =x + y =150+100 =250 rpm ( aT=TEH ) IW

(b) & TR ¢$°200rpm W feromadd feen & gwar d1 a1efq
NS"=—.200 |
ol y—x TPl 500

Ty



ot g=mm 151

50

100 —x x — =-200
R 75
x ><§9 =300
75

| x =300x 12 = 450
50
7o foafa ¥ fRR PSR TR, Np =x +p =450 +100=550 rpm ( ITHTEH ) I
e 4.22— T 4.49 ¥ U ST et RrersTeT (epicyclic gear train) T SAREAT ferams 3
1t.ﬁmbﬁm‘éwﬁmlzaﬂrcuu%?ﬁiamﬁaﬁ%am@ﬁ?waﬁ%lvﬁwkmﬁvﬂ
# | st Wi AfRTT A U, W aRed 4 7o E @t i qen goiv feww wma it

Ta=20 Tg =35 Tn =20 Te=30
E D E

TE—fean 2,

(i) firr D feemt 2, 1afq Ny =021

(i) 9 R & =Y =] Foht/Afwte =60 TFhy/HTe
(iii) R 4 9 faam (W, ) =2 Tome & fewn =2
(iv) frR E &t fa (N )= a1 goma & feem =2
amEd (anticlockwise) fEo # gAIEH T W

WRUT 4.4 _
o T frraamen & fafir= sreaat & g
Ho .
qar | firw 4) | e B) | frer () | few D) | frw (B)
g —— o | w |.& | |l
A, x3+1 99 Q A T & Tp Tg Tp| Tg Tg
2. |9 feem R @en firR 0 +x wfa | T | TaTe | TaT
A, x3+ x TR A A ? | Ts ~Tp TpTp TyTe
3|0, <3y A | vy | vy | yepda |y Ta |, Tl TuTe
| TB TB BLE TBTE




152 WA & s
e (1)

y =60
Ea y‘.+x TA TC =0
Ty Tp
gl - 60420735 0 m 60+2.333x =0
15%20
a x =-2571
3d: Ny =x +y=-2571+60
- =34.29rpm (@M fGAD ey
- |
a Ny =y—xiac _60+2571% 222>
T3 T - 15%30 -
=100 rpm ( W& fe91) , -
STE 4.23—(2) TH srferemdter firer 3 8 1w Rt arermeRr R C, i frat 4 % Wi

qmn’ﬁMBmﬁmtAacﬁMWm%,amDﬁg@mwmm& Hehal
D 3 AT W & e e Tt & ksl 2
d —qqa'i ARE L BT A AT C WA S Ee [ WL @
- . gD FAM L T
- - g E (5 + 1) |
(b) e ferelt oft firer T St @t =<[aw et 18 & : . arfaEan
. . ' ) qeT (T, + T, ) =120 €, A G D i
@WWWWWWASOOrmeE{Hﬂi%I -2 R

TA— (a)ﬁﬁ 4.50 F1 STaciiH Hifsdl
ﬁm%,{ ‘ g R (B)
(i) g W A < # e =T, O‘ e Fr
(ii) BEEER freR C W <[l i §em =T "‘ i
p 2 9T (D)
| —;4+d3 _dc T e (@)
2
q
‘ 4 .
- a+2dg =dc fart 4.50.
TA +2TB =T2 )
a Tl +2TB =T2
a : 7:3 =(T2 ._"Tl
| 2 ._ R (

AROf—4.5 a:nsai



N_:)—x;ll_.
¢ ) TC
fem 21
- NC=0
3d y—tzi—()
Te
T]
q y-x-—=0
TZ
m ;|
ara.' oWy
, firR 4 ot T (x—}-yj
| 4.5
w feram ﬁmm%ﬁﬁﬁmﬁ%m
=t (D) | R (4) firx (B) iz (C)
X T | 0 1 Ty | Ta Tp__Ta
yon foer @ 991 4,41 R © + - T
st feer ® wen fire A+xTREtAYEAR| O +x _Ta Ia
ﬁm,+y’-aaaﬂ@'{qa°r%i +y X+ y y_xT_A_ ] y_xT_A
Tp Tc
Tt (i) ¥ p w1 AF WA W,
X X— X X—
_ T, _ T,
T (xxT, +xxT
x+x><—T‘— (xxTy +xxD))
2 TZ
x.T - T . §
R T N . | fas gam

TIx(T +T) (T +Ty)

(b) = g4 fre AR T ~18%1
DRI T
T fas fa 2 46, AT (T +T,)
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'g'snD?arﬁTrﬁ= 18
500 120
3 gﬂTDEﬁﬂﬁ:lSXSO():?Srpm
s/ firTR B W g1 @i @& 18 i W,
T =T,
(552
1g=(_r2__£)
2
an . T,-T, =36 .. (i)
e T, +T, =120 : @ ?) ..(iv)
gHto (iii) T (iv) ¥,
a1 2T, =156
| T,=78 .
T, &1 91 gHto (iv) ¥ 1@ |,
T, =120=78
a AAN .
T fos fan 2, fe
W™DHRIM T,
frRA = fa (7, +7y)
ar gD F T 42
500 120
M S D A = 4212(5)00 =175rpm

3TTENT 4.24—Fax 4.51 W U= &1y I Frewre T (epicyelic geaf train) Wef¥ia =it g {1 afe

AR 4, 300 rpm & Feromard (clockwise direction) ¥ I w@r&, &t
: , AT YSIT R &%
WWWIWBWCWW%IWDM%IWB Hmca’lﬁrg:x:ag;:?



wfR TR 155
' ™ Am(R) B8
m—ﬁ?“lﬁwmﬂaﬁammﬁﬁﬁmwaﬁw A
5 fegmn R
fmd— (i) fim A% pm (N, )=300
(if) FoR D fer §, svefq v, =0
(iii) 5 R % rpm & ¥ =71 fagm =9 D\ c
T W €, 7 sened fre o (reverted gear train) W,
da (g _dc  dp ]
2 2. 9 2 ‘ A (R)
a dg+dy=de +d, S
) Ty +T5 =Tc + T,
il 43 +24=T¢ +30
I’ . Tc =37
mw_ﬁmw%ﬁfﬂaﬁmﬁaﬁvﬁr%faﬁwwﬂwm%lﬁwﬁ TS T
Wuii-4.6
o Tomar R e & fafir= sraat & waw
i ' TN ®)| fraw 4) | e ) | frew () | frreme ()
Lo\ R @ 9o 4, 199 S mard| o +1 T4 Ty | TuxTe
T Ty TexT,
2. |9 fer ‘%Hmﬁm A+ x99 § 0 +x _,;Z‘i _xﬂa_ xTA Tp
I 2 | Tg Tc TpTp
3. |, +y o ¥ e B +y x+y y-x% y—x%— y+x§‘%
X +y =300 . (i)
Ty Tc
y+x T, =
+x‘;’;§g=0 y+221x =0 (i)
o (i) 3 (ii) #1 a1w ¥ wed w,
| _1.21x =300
x =-248




WSS
156 =Y % fagr
x 1 A wlo (i)H T W, -
~248+y =300
y=54_8 rpm
3ra: T B& rpm

Fy 43
=y —-X—= 48 248X_
. NB y—X T 5 g 24

B

-

— 548 + 444 =992 rpm . (N7 H)

T R C % rpm 992 B FHifE S TR T € R WA 2

3T 4.25—fer 4.52 % w g e frraren wafvte g & R o @ ww w g
ﬁmsm3oaﬁqaia‘rygﬁmﬁﬁﬁmmsoaﬁ'§lmﬁ1ﬁ,PP,ﬁuraaﬁﬁmAﬁaum
TR S 2, % weweh 9 ) e e, e o gl e s R, 300 rpm Wv 4 kW W= wet
%lamm,qmwﬁwmmﬁmaﬁ%,ﬁwﬁm%laﬁam%rpmqﬁﬁwﬁam
T (torque) T FIT AR frere 37 = Femwr 24 95% B

TA—Te 4.52 1 sqaeiR Fife

(i) ¥ frel P, P & % W <RL(Tp) =50

(i) & feR S W I/ (T ) =30

(iii) g4 fRR % rpm (N ) =300

(iv) 9= e (Transmission Power) =4 kW

(v) SRA T4 (Transmission efficiency) =95%

(vi) 9feTd IR 4 rpm =2 o

(vii) H=Ta i i(7) =2

TR —4,7 s & -
a4 0d, T dg F: PR 4, Pa S & fira 9 = &, @
| dA dS
A =25 44
2 P
'{ﬂ' —
dy=ds +2d,

aznﬁwﬁm@qma;mﬁwmwﬁawmm(circularpitch)w%%
3Hd: T . TA =TS +2TP : ’ ’
o ' T, =3042x50 -

- i g, X +y =300 | - 3 -_,(i)



N RO 4.7
——"j .
o0 Ll e firart 3 areraall & et
o §
T _ o | fra sy | i p) frat (4)
1. | PR TS, 4 1 TR R 0 ' Ts  |LTs Tp T
- . Ty Tp T, I’
2. | R R 7 BRR 57 4 v @ g 1| r Wl s
. Tp Ty
3. |5 +y TER X TR R y e T T
y-x—5 y-x—=
% T
T .
Hdq: y—x—s=0 q —xﬂ)_'_—.
y ¥ 50
el 130y —30x =0 .. (ii)
THto (i) (ii) |,
160y =9000
_900
_ 16
wdo (1) W, ,
o 900
16 |
e T % rpif = 951 F rpm =y = 200
RMYE % rpm = Y1 rprn-y——l-6——56.25rpm I
9@ wfe (P)=2e NT =~ .~ - -
A 4000 0.95 60 =2 xF x 5625 x F . |
' " T =645.43Nm I

STTET 4.26—u5 Afaresmia firer wen & & 9o fimw §, ts feow ©
Tt Rrem E et o woeea 1 firer P ues Pt st s syen ¢
¥ wafern §) farfrsr frrerdl wn ameer 36 weT @ & o e €, e v s
& vt w175 firer et & Rt oft AT o ww & s o e
16 2, 3t firermren 3 weires firaw 92 it @ wem T adfmn

TA—T 4.53 =7 sracrd Al : ' forst 4.58.



158 i & fagr
fem 3— (i)ng%awﬁﬁﬁm:%xqéﬁmSéaawﬁaﬁm-

(if) feeht of firr W &0 A F4 A =16
o gl firr § T Tl e E W R wen wee: 7 w7 2

TRl 4.8
o fomen Frrreuren & fafa= smudl & =iamt
Ho
= (C)| & e |1 firag ()| avr=afies fira
(S) (E)
1. | C fer ? a1 g4 firm, +1 99 @ 0 +1 oI | Ts Tp_ Ty
oA 2 Tp Tp T T
2. |50 C fom ? 9o g e, 4+ x 9 R 0 +x o Is Is
o 2 Tp Te
3. |9 C,+ yIat | gHA R +y X4y e | il
Tp Tg
TR, gwcé:awﬁaﬁ#w:lxgéﬁmsﬁawﬁaﬁm
1
I
a Vagritapd
1 4y =x
“x .
= R |
y 4 (1)
w y_xls_= fean 2
Tg
31| _x_._ ..Ti_zo
4 Tg
q7 x,T_S.=£
I, 4
I
a1 I _1
R

afz T =169 fomar | it

Hd:

¥ H R f i W =9 @ #9319 16 @ W R

I
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d d

TS+ P=TE

dg +2dp =dg |
s e S, P9 E % 3a fre gom € o frm W gl /1 e 349 fo= 99 =9 (pitch

circle diameter) % FHFUE &t

aq: TS +2TP ::TE q1 16+2T‘m =64
7 | 2Tp =64-16 2Tp =48
i Tp =24 =

4.6.12 T% firax afa (Sliding Mesh Gear Box)
TieX &R, Thet gete # fafaw wiwal wrw @ & ford Wi fgd aitaw (sliding mesh gear
box) T YN faFan e 41 fox 4.54 F T AR aven W frR w9 seRf fwan g

T

LERIL - r \&
TEE MR, = — & dfa e
; = N = = = / .
_._g.EF ________ R e . E - : ....... .d.-..
= = = B
= =yt B B
— Sl= = (Lay Shaft)
= = E = /
E ................ ‘§§ ............ E "'f(”'"
= = =
B T E
fax 4.54.

T F $F TR 91 T9F IR W) R A 9 g @ S 9figvs (lay shaft) W @ frR B @ &8
To0d ¥ AR T TR R 3 AR C,E 94 G &1 ¥ €, S 9fela e W e i D, F I H @
Trafyg f6Y sy ) i D ¥ W 9w J 1 g € S R D andl i e firr 4% |9y
T T H A N F Y SIS S Tl 21 S| IR F =R T 77 THR I B FhS

1.5 e (Top gear)— 98 =e% Td =ferd Wl 1 i §9A Bt ©1 frr D &Y arff @ik
TR T J FY, AR AT T A N S W s fen s 21 wfievs W sem @ g wdt 2
Wmﬂ'ﬁﬁﬂﬁ?ﬂﬁﬂW(velomtyratio)ﬂ'{ﬁﬁmﬂﬁmé‘f

2. mﬁm(Thlrdgear)—WﬁﬁmDﬁFﬁmaﬁmﬁﬂWmmwv«:
T frR ¢ § g FT A A 21 AR F HER e R R R 4 ) firR B W aw B Y
SRS (lay shaft) T & PR C % &R <o W% R o R D w3 2



T
160 ™R % o

I’ 9N AN (velocity ratio) Np X Np _ Ty xT¢c
NA NC TB X TD .

N =N, Fif6 & & o | a5 7

ND'__TA XTC
JPVA :I’BX'[‘I) .
3. Rt T (Second gear)—sal feR o e 1 wer # 9P SR e feR £y
g w1 e < 21 v & §9Re R 4 ¥ B a9 R B/ E W g ik EQ afdd e w

F‘lﬁﬁT?T{Fﬂﬁmﬁlwﬁaﬁawaﬁﬂﬁﬁ'ﬂﬁm(thlrdgear)f?ﬂm'aﬁ% Hiifer aferd MR |
o firr F, R D @ s 2

: TyxT
3Tq: 373U (velocity ratio) Np  Nr _14%g
NA NE TB X TF

T N, =Ny & Fifh 3 e & @ TR | 76

3:{911-([ » NF TAXTE
NA TBXTF

4. mﬁm(Flrstgear)—sﬂ%aﬁﬁaﬁﬂmaﬁmﬁﬁMHaﬁﬁmG%mﬁﬁmwm
3| it 7 SR R 4 B W a1 e B/ G a iR G ¥ =fed e W el iR H R 2 )

- 37d: 97 UM (velocity ratio) NpxNy _Tyx1g
NA XNG TB XTH

it Ny =Ng &40 Ny _TaxTg
NA“ TBXTH

mmﬁﬁwﬁﬁﬁWW%%ﬁi454ﬁﬁﬁﬁﬂwﬁmw(shdmgmeshgear
box) ¥, =9 AT TR W =R fafr TR oE woEs 8

4.6.13 faudrfitay fa=ma (Differential Gear Mechanism)
fersidt e T = YA R, T, T NS § foR S &) I S i A g fehwt Wy W
TS, A W IS W AR Ul ot ohw i e sy it wht e ot e € o d s
gt ¢ ara: fuet ufea ot e @ ar=ae fawet firaomer (differential gear train) & EW v Rt
wrar & R o 4.551 fasiet fier wren = freer gt & e ® e )
“When the automobzle is taking a turn, then the auter wheel will run faster than the inner wheel
because at that time the outer rear wheel has to cover more distance than t‘he inner rear Wheel. This

is achieved by epicyclic gear train with bevel gears, as shown in Fig. .4.55,' and known as
Differential Gear Mechanism.”




R d=Rm 161
ﬁaﬁéﬁ?ﬁéﬁmﬁm _

mm(propellershaﬂ)ﬁamélm:;m% | [—eR R
qqﬁﬁéaaﬁmﬁ{qm%ammﬁaaﬂmw N - o
R T G F W R % gy e £ | |
R (planet gear) i R I
D ’iﬁq‘a‘\:@ﬁmm:camD == ftin
aﬁ'&;ﬁ%l 'i
c.
%aaﬁmtcmﬁﬁaaﬁngmgn“ ------- N -
m%m%lﬁmﬁcampé;qﬁqﬁa o ] .
(circular pitch) W fiyg T = (pitch cirelo 1 . U
diameter)mﬁﬁ‘%’mgqﬁmwmﬁ |
e ff T At} i E3 F® 1§ fir N
BaﬁWWW%WﬁmB,ﬁmEaF% '
MW(R)ETWSI“IW%I ot 4.55
faf= ey =6t i 6 FH F A e
AT—4.9 TR
AUt 4.9
™o ferar ﬁww%,ﬁﬁmam%m
Ho :
TN (R) | fer () | frem gy (F) R (D)
L |1 (R)fer @ an fimg.c N 1 0 +1 +Ic _T_E(JrTc 1
Wﬁ%%l-. ‘ Tg o\ Tg)
2. | (R)FeR & dqfm ¢, 4« 0 +x +x1lc ~x
TR Y o 2 Tg
3. | (R)yw y Wit & ot 2 +y X+ y grxg | ~X+y
- i '
U A & 7 v Fred TR & o e PR C & e o (x4 )7 e @
98 W (—x + ) =ww WP

STEOT 4.27—fax 4.56 W uw favdt e wtaw (differential gear box) ¥ WiR Inue
(Propeller shaft) ux =it fafra P v 20 3 § ol firm @ & 100ﬂ%§|‘ﬁmcmnm&faﬁt
maﬂwaagﬁﬂg—g%mﬁrm%woorpmwwﬁ%aﬂw&g%waﬁu&qa&nﬁ:

240 rpm 2 o WS gt Tt T 7 firew @ &6 7ife 200 rpm &Y, & @Wﬁ'ﬁ‘lﬁﬁaﬁﬂﬁrm
- wifeE




162 WA % fas

w—fm ?,
(i) faf@ P& rpm (N p)=1000 -
(if) FTER C % rpm (N ) =240 .
I'Pna(‘c) _ %c ”/—ED
(iif) fafafem P Sidi 1 wEm (Tp) =20 %\ |
(iv) fr @ W < =t wE (T ) =100 -ﬂ?{% --'rﬁ'—-f-j--
T 9§, fF— fﬁ:iTL‘ g % q
N,, T, % F
o | 20
a: N,:=+—x1000=%200 for1 4.56.
277100 R
uﬁiﬁ%mmmﬁmw,a@ﬁﬁmgﬁwﬁ%l
o J € T gROR 4.10 T T
75l PR Q &1 %ﬁa?rﬁmra%l
3 y =200rpm
‘ WOt 4:10
o feram firerrTeT & fafir= erEaat & waht
we | fer @) |ferR ()| faR (B)an firr (D)
, (F)
1 aﬁrﬁm%?{mﬁmcnwﬁ 0 +1 Joo | Ty T,
el 2 Tg T\ Tg)
2. Wﬁm%HﬂTWC+xW'@I 0 +x ) —x
e R Ty
3. |,y & T R +y gy | e —x+y
. Tn
greft 410 9, | Ne=x+y
" 240=x+y
y &1 WA W@ R, , 240 =x +200
x =40
firk D% rpm(Np)=—x +y =-40+200
=160 rpm A, IW

1 qEff AR & gﬁ’ﬂ??ﬂﬂﬂﬁmwOrmeqﬁTﬂI




v E9RTT 163
TR 4.28—T 4.57 ¥

¥ae e T (b A
geartrain)ﬁﬁhﬁr@%lwAmmﬁmE( evel
frr 1 iR A% rPM 1500 Sfaota (clockwise) §, At frew~ © O |
E & rpm AT &hifea) !
1
Ty =20,Tg =50, M T =78, T;) =24, T, <3081 1 - R
fira A & sryur o s @i - | .
T— 4.57 F1 recimT wifm, | ez, 3
“ﬁ?‘:"'%’ ) N £
(i) fPR A% pm (N ) =1500 o
(u) C fer 2 \ o457
(iii) PR E% rpm (N ) =2
x+y=1500 (i)
y—x T4 -
C
20
—x===0
Y 78
Frfto (i) ST 20 | TN FF WA I
789.—20x =0
20.x +20y =30000
98y =30000
y=30990 _306.12rpm
y F HE o () H @A |
x =1500-306.12=1193.88
¥d; frR E % rpm
Ng _y—xT4xTD _30612-1193.88x 20« 24
Ty Tg 50 30
=306.12-382.04 =—75.92 rpm I

mﬁ%wm%,ﬁﬁmE*WﬁWA%wml



164 #YH & fagr
|ruft 4.11
o foran Rraarern & fafir=r sraaay & e
Ho R
g (R)| FeR (A) | firew () | fivrw () (R ()| i ()
1 [y (B fer R qen fimr +1 JIn | T | LT | (D
A, +1 ¥R § I @ T Tp T, Ty Ty - Ty
2. |9 () foRr ® 7o fER x| T | LT | T I
A, + x TFH | I B Tg Te B Jis T
3. | ¥ (R)+ y =R | A R x+y yixT—A y~xT—"-1 yixT— y- gk g
P T ™ T, Tp

4.6.14 TS T Reev™ iR a1 (Humpage’s Speed Reduction Gear Train)

Ty Tt Rerfirat § faran mar §, Wt ofra e @ i e st s R s
Tehyita o AT #t T e fafa= wvia o Wmﬁmmwﬁ%mm*l

(T@ a7 4.58)

39 firR sty ¥ =0 firdi =61 A
& T T TS FH fhar -1 ghar
2| I MR 49 dfed IR B U &
& (coaxial) W &t Bt &1 =Teiw
TR R d9d R < P’ a1 Ifed IR
R e iR Q& B 21 Sae f
A, 99a fre N @ 3 s9a frg NS
. fooR Y99 TR R @ 990 F4a 21 99
ferR Q, sa@ itk § SR N &

g G feR (compotndgear) 3, &

T A o S PR (NS) &
o 71 fevvee ¢ W Al B R, e
Ty @radl e G ¥ el 21 Wi
IS \UE-Hfed MR K Y W

o 4.58. gvirer wif esem firas aren

WA gi% oA Tt 8.
‘ Hfed R # G T T F O IWE GO 4.11 H T FA T—
RO 9, Ng=j
Ny=x+y
"NQ——xT—A-%_V

, c '
.:/. .\. ;
\ «—R
N -\‘
~. \. / §
e P \\ q—+ \
P-—h/ ey > s /. \
> % Y 4§ IW @)
QJE;E _F T V7 777777277 2 % j"_
[ANNNNNN % - T \‘ T
é'/:/'/ . G \.

(i)
(i)
. (i)
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Np=-x144, . (iv)
TR

St AN H A R W B F v T R W oawd

4.6.15 TTTeh T T =G (Selection of a Mechanical Drives)

gty TeH % AfwE ¥ A e syerer B afir—

(i) =eH MR A FERa F W Al i (Power),

(ii) STeih TH =ferd TR+ o i

(iif) TN % HeA SRAT qo AR WER fewfirat, qon

(iv) ¥&a fom (Overall dimensions)

IR vffeafal o o fafa= wehr & e sifmfead el S aaﬁwmmw%
T & e 79 S=IEl (Parameters) #) qer %) < =fen—

(1) &1 (Efficiency) (i1) MR (Weight)

(iii) TTES (Size) (iv)-HTest @ (Capital cost)

(v) fRamhrl qen STR&TT @M (Operational“and Maintenance cost)

3 W F T N e S o et 9w i —

(i) SIATE (Velocity ratio)—difoa AT N e H CF A1 SAYEF ST ¥ W fHa .
m%naﬁmﬁmﬁvﬁ@aﬁwﬁmmm%mmm%laﬁﬁmﬁmm
T HH, FEIEE 100 T, S fRar S gt {1 399 3N W A ¥ g w0 qg v
(multistage) =TT T4 HT T & R

(if) wRteftar 3 (Peripheral velocity)—aft 350 FRE F1 99 W@ 917 & Tfvq v e &
TRE S % AT, Bt © T aRefta A i agrER Ao S wEe B wn R W s & e

e 3 F f v T T S g 2 aqﬁzwaﬁimvﬁ%ﬂnan fafi= = & fow om
TER 1 W Hehe 2—-

(a) ¥9&1 WST ¥, <25misec

(b) A= ¥ wg1 ¥, =25 to 30 m/sec

() T9m 3= gEd V,, ~80 msec

(d) =7 =mem v, =2530 m/sec

() ¥ firR v > 10 mysec, Fad @R v >15misec, 3 fRR V. < 20msec

(iii) fire grfe (Transmitted power)—23i0eR ekl ¥ aftrsram ive 51 w1 gt R Vaw
T e ¥ RS 91 I TR age S R AR 8 W w3

VT % fau sifusan 7358 1100kW
wY-dee % fory st 1835kW
= e ¥ e atfiad 3670kW



166 WA & fas

w§ur =Ied ¥ Sifushad @ 150 | 225kW
" (iv) TRSUT ¥ girEt (Transmission losses)—=Ter & ﬁmﬁgﬁﬁﬁHﬁ%ﬁﬁh R
ﬁ%ﬁaﬁ‘emﬁamqmshmwﬁsﬁamﬁ%ﬁgﬁsnﬁuﬁ%m,%ﬁmammﬂ
sor o ¢ Free el & g 3 forg e ¥ wgw i e §—aten R 1%, 57 Sy,
U Vg AEH-2.5%, V-e2 gEa-4%, a9 fRR-10 § 25%!

(v) 9T, WIS A4T S @t AT (Weight, size and Cost of drives)—3e FRFHH Tgd HFAY
%uaﬁmwﬁm%ﬁ%wwqﬁwﬁﬁaﬁmmwmwﬁﬁim%l?ﬂﬂém‘aa
'ﬁmﬁﬁaﬁ%@ﬁf%mﬂaﬁ@wﬁﬁﬁqwﬁﬂmzﬁ%—

(a) S9A I (b) V-2 (c) ¥ = (d) qaR fr, qe (e). 58 A
: gﬂ?mﬁmﬁaﬁgﬁ%m,ﬁmaﬂg@%m@%mﬁﬁﬁﬂwﬁmméﬂ%—

(a) 39 (b) T ¥ (c) TR freR @ (d) 3 e :
AT ¥ g Al oA e F) N $ T (unit) T IS @ 3 A Hgeres

@ el SR Er—
(i) 972 32 (flat belt) ~ 1.06, (ii) Ffsra geil .19 =7t e =1.25, (iii) 39 iR = 1.25, (iv)

39 9O = 1.4 991 (v) SRR R = 1.651

YfF HERW (power transrhission) ¥ 39 1 FHHA 2?2

1.
2. Wi wRww ¥ frd fafirs A fafedl & 7™ w@=d)
3. Uz WM ¥ feaem ((slip) ® F awwd 22 3@ =em @ R W ?2
4, G Vg 9O A& _IWIYE YT GO H1 qUA il
5. 99 Uz HLOTWEM . VUE % @I Fasdl
6. AT JTUM (velocity ratio) ¥ Y F THIFA & 99 T H AR H W W AN AR
7. ﬁma;(slip)w'afﬁm(creep)ﬁnﬁmﬁaaﬁﬁﬂmwm@ﬁaf%mmaﬂaﬁmﬂaﬁwﬁﬁ
Fd 82
8. gl wieM & frued @ v o 22 W A ww few W ww@ 22
9. | /U ¥ “aRfWE TG’ (initial tensions) ¥ AW F FHIA ¥7 = A
10. @ U2 = (open belt drive) ¥ W2 #1 ava® R ¥ Y =iee WE FR
11.  3IWIYEl Ugl AH (cross belt drive) ¥ U3 ® avaw wEE ¥ ol =i W SR
12.  feh @ % f&= UH (tight-side) ¥ T @ H (slack side) ¥ T VA w fuF a7
Rt # S A FOAH AR B} T A ¥ o e @)
13. 92 I YRMW& @& (initial tension) @1 &1 e &7
14. mwﬁgﬁ%ﬁﬁ%mﬁmw,ﬁmﬁf@ﬁ;(%:&ﬁ]%ﬁvifT1=f@ara’ F T
‘ 2

& q9d, T, = el WE & T4, = T4 0% 99 9= BEA F F0T (angle of lap) 2l

15, " 3% @@ (Centrifugal Tension) # &1 ared 27



16.

17.
18.
" 18:
20.
21.

22.
23.
24.

25.
26.
27.
28.
29.
30.

31.

32.
33.
34.

35.
36.

37.
38.

39.

iR d=mm 167
() & W K S e % P g W o Sfi—

Tc=mv2
@)qﬁﬁawﬁaw,wm%nwaﬁm@;
(C)W'émﬂﬁﬁﬁaﬁmwﬁa%mnﬁvﬁaﬁm|
V—ﬂ?wﬁmwﬁm%a@mmmwwmmm‘
¥ IO F W@ EEs fafed
o9 T H AN SRy

T W S o Y v w32 i wie s w v ged)

mﬁmfﬂ%ﬁmmmm%@aam@ﬁwmm,qﬁﬁmm
TE F & fer % s o @

AT Uz % WY V@ F Y waEd) V92 %l e, 3wt fafe vl (layers) 1 2wy gu @it

frR SIeF /oM w TR 2 freR wem ¥ ora W # qo T @ o e

R & = ¥ f= 9t sforw SfR—

fo= o (pitch point), = 59 (pitch circle), 9 9 = \(pitch circle diameter), %9 (face), TiH
(flank), TSvEH (adendum), fegvsn (dedendum), A=A (clearance)!
fad %1 $EegE MRS (involute profile) W fewuh i)

e frad (Helical gears) W i feoui. fifigd|

firR = & W9 U (velocity ratio) T YRwifea =ifwd

e % & fae (Law of Gearing) & wwemsa o fag ifw

fafr= y&r & fidl #1 dftra aufT =i

= = dfa feoeft fafed—

() T i/ (spiral/gear) (if) & ™R (worm gear)
(iii) =@ f@X (bevel gear) (iv) ¥ wd faf@  (rack & pinion)!

=1 yeR N firmensii § 98 5 (main characteristics) ® stz

(i) TERe 9@ (simple gear train) (i) g5 AT (compound gear train)

(iii) wATadi fEETeT  (reverted gear train) (iv) sAfreshig famen (epicyclic gear train)
TIYR], T3 Ud = framensd #§ s W H:ifd) ’ (UP 2013)
TEieE-2d g U gast R 39 aa s firr 39 8 o v Fifsd) (UP 2012)

SR (epicyclic) 9 WemEd (reverted) fR ATl ?? TR TR-FRR (spur gears) T A
AR TR % o W e g W e i)

ez faa g gd 941 7% Fd (sun and planet wheel) & T9gmEd)

fafe= vHR 1 fracens w1 9uiF Hifva wee o w e ¥ $uss frr 39 F swfm @
e FHIfT) (UP 2018)
e a3 F geraa § O fekfuaa f (differential gear) #t & fafy wwemedl  (UP 2018, 17)

St favd fraweren (differential gear train) ¥ fg Hifvd fF MR TR F rpm fredt A
ofedl & rpm g W 2 2

Fe frdl & frg ol F1 SwE FA F A T S Aem wifg

(UP 2016, 18)
(UP 2016, 17, 18)

(UP 2018, 16, 18)

(UP 2014)
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40. UF TS R (humpage gear) ! sH-fafy Yafas 23 T guEE|

41. s 9 FgeE e Aens & st # avi FR Q) gaEmR wR frrd g ey 8
™ & W T e s

42, 'qﬁ{O.Smmﬂﬂ'j?ﬁ300rpmq=tﬁﬁ?ﬁ%ﬂm.ﬂ'§m§€ﬂﬂ'("ﬂﬁ240rpmﬂ3?[f?ﬁtﬁ"iiﬁ?ﬁg?ﬂ
F = A HIR
[F¥—1 m]

43. AR W 42 ¥ Yo aw @ A g feeer 3% 8, @ 240 rpm | & Yol F A F o3 THH T 11
HifeA|
. [FW—0.97 m]

44, ﬂﬁﬁﬁ@wﬁmmmosmmo40m%eﬂ1m%a‘f%a‘laaﬁqﬁ3mz’l??rzga;
Tg1 =T (open belt drive) U6 SYIqG! YT =M@ (cross belt dnve) o U2 sl AEEH =g T
HifTa|
[S¥R—7.57m, 765m]

45. TH § 0 AW W 9@ FWE A TR F AW 060m T, rpm200 B TR W R F weA i
TOli% 0.25 9 BIET F (angle of lap) 160° &1 T¢ & fy@an @ E 2500 N Rl
[STR—7.88 kW]

46. T FICh S 40m /s F M Y W @ 2, 55 kW TR @ §1 W F aiftrwan e w7 fofo w3 # erd
¥ f¥ 40 N ?1 37R BT F19 (angle of lap) 160° 7@ S0 ToTis 0.25 ¢ & 98 @I SIS I Fif
[3¥R—68.43 mm)

47. TF QA 9g W ¥ TF 0.30m SAE q41'200 rppm W A e fef | 0.50m = F fdt w wfwm
TR gt ?1 SR iR W BRT WU 160° 1 W 35 kW WRE TRfYd F Wt @ @ 921 fRwe €@ A
B R p =026 MR afE fEe 25 N/mm 08 # =t @ ot 7 @, A @ A yRivs 79" 99 ¢
F e I FA ATHT A UG WA
[S¥R— 1661.81 N; 88,76 mm)

48. Wwﬁavﬁﬁamﬁmﬁu@ﬁmﬁaaﬁsﬁﬁn%mﬁaqgwmzs%wymmmﬁ@qa10mm
A1 R1 v # wrferw ¥ 5 N/mm? 76 ®fid 31 vg @ ferfEi @ Shea 2, fed wree @@ R
ferfl 1 =9 %A 0.60m T 0.45m B o e 120 rpm W et 31 9 Hifod—

() 92 g WRfvq wfe (i) =fda ot & g = fa
[3¥R—2:26 kW, 160 rpm]

49. . 857 T W foud A W F T 060m T 030m G R B gferdl @ fods (crossed) g =M
g 8 kW Wi R #t it 31 =rer foreh #1220 rpm 31 wET S S5 i W R, W W oA
firdt =g W ot WR 2.5 N 41 D1 Yot %t W qen w2 F @ wo o 0.35 %1 @ % S, ©
F EVEF AEE G99 Uz B AEES WRANE o J| SR
[3¥X—136.923mm, 8.47m,1122.495 N]

50. et ¢ % sd=l qa T Fd, AEF D YRS W 1800 m/min F A QA W@ w@ 1w ) e
120mm o W 6mm B Tg F S 1000 kg /m® 1 X BT M1 = 180°, Wy i (u) =03
amqgﬁafmumzsmmmza‘l?h@mqﬁfwamﬁamaﬁﬁm

[39t—648 N, 34.53 kW]




e

51.

52.

53.

54.

55.

56.

7.

‘[3¥T—2644.95 N,176.33 mm]

viferd H=ROT 169
&g 9 ¥t 1y

ik F TN F Y w wwE F W w1 wam won 2, fras o fro s
e ferc v fact
Q) =8 045m 1.8m
(i) BRI o 2.6 e 3.8 Mexm
(i) =Yo7 T[T 0.31 0.26
(iv) = 750 rpm
(v) TR NICH

39 kW

“’gaﬁMGmm%@WWZENImmZ%IU@HﬁWWWI
[S¥R—22243 mm)

w0 1 o wn (ngle o lap) 160° 3 s i

W H T FW R AR W ¥ o fdem
(permissible pull) 15 N/mm e &, & w3 =t Her. 7@ -y

IR 5 firdt AR w2 % o ww fm AR B ATESH T (effective tension) 10 N/mm qg =t
ﬁgﬁﬁﬁwqﬁmm,a\q@ﬁaﬁmmmaﬂmmﬁmm(e)=160°,qévr
TMH () =03, T F I (v) =1000m /min T2 §1 T () =1100kg /m? #1

[3R—383 N/mm?]

TF V-1 = ST HT (cross-section) 600.mm?, BT $I9T 180° B o ¥ =i (angle of groove)
F A 45° } T UF F URd W I Mgim 3

e ¥ siftrman wfew 4 MPa € @ w3 % R won
% () =02% 3k 0 M M25m /s 8, & TRfva viF 31 B e Mftw vim ¥ o w@
Foan W fFrafe

[S¥—40.814 kW, 36.51m /5]

@mw%m,@ﬁamaﬁgﬁﬁesokwqﬁmw%lgsﬂ360aonoﬁomr{qraﬁ
o R ¥ gfewmm T 1350N, R MR TR S T g (m) =09kg, BRA HI
(6)=150°, @i¥ & HI (20) =45°F TH 9 [ &I TqE F d= WO 0w (1) =03 D, A s
T R T H A g T R G WEA 9w '

[F—389 R

TF U1 Ao ¥ Q V-ug TR A QG Y T AR WD e | vt aene @ S e
B H7 30° B TAF T F ATY FE 750 mm® % =1 WO UiE (1) =012 % B ¥ vd =
TFa-1.2 Mg /m® a1 ifeshas wfaeet 7 MN/m? 1 Tehl &1 =99 300 mm ® 991 9€ 1500 =992 SR fivo
R 9U W ?1 Mfiw i Femfed) R R 39 7 F R frefad fmw mite ofw sfasan ey

[F—172 kW, 280865 rpm]

¥ U2 W AT T HBA, S 750 rpm F M ¥ YW W DR T 7W 15 kW
%ﬁmﬂﬁ;ﬁ%‘iwmmo.mm% gfera (driven)‘j?ﬁ250rpm3ﬁ"lﬁ@‘{qﬁ 3
amaqﬁmaaaﬁf%ahaﬁ{ﬁsm%q@ﬁqumﬁv}am.wﬁmwﬁéitrg%qmsi
mmlMg,mag,aq-gﬁafmﬂagﬁﬂmnﬁwz.osMpaqaq%amg@%aﬁamm
0.3 %, e Wl e W@ I T FA GG U FOARE SVeoiE e W)

[F—112.28 mm]
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58.

59.

60.

61.

62.

63.

64.

Teiey o fagr

1 m =79 1 Y W T Vg 240 rpm R 10 kW iR Mw Fwam #1 A9 H0 160° T o o
0.25 N TY T F MEYEF HISE FW HIC, ﬂﬁf@?ﬁZON/mmﬂ%ﬁiﬁ@ﬁ%ﬂmqal
[3¥—79.25 mm]

et it | 64 3 & 3R WIgg@ (module) 8 mm ¢ @ g9g fr= (circular pitch) T = firg 3
Fifs

[3¥¥—25.12mm,0.125 Trau/fiste]

A GUARE W F A H g TN 600mm & d § TR R g 'k ¥ g f
35 mm ¥ TH W F T 180 rpm S TR IR N 540 rpm T T B T R 4210 ) vy
T W F F F A9 # G G0 0.001 mm F ke TF @ HIfEAL |
[ST—81 ¥ 27, 601.91 mm]

A
fox 4.59 ¥ weftfa @ firg #en § <R # gew e 3 — &
T, =100, T =50, Ty, = 75 O
WWWA400rme¥IﬁHWW3ﬁ?hﬁMC%rpm
I FfA fo 4.59.
[ST¥—533.3 rpm]
fa3 4.60 ®, w=ffq g R A (compound gear train) W T H
e frefafad 8—
T, =66, T =40, Ty =80Ty =50, Tg = 75, Ty =30
Ifg =Tt R A,400rmeW%ﬁf?ﬁﬁﬁW?F%rpmiﬁ?ﬁﬁﬁl
[3¥¥—2600 rpm] ' |
T# g4 T&@ T€ ¥HR (sun and planet type) A= fir 29 # g itk @ aeamer e ¥ <
# g W 7)o T, @ @ fas #ifed fv—
T R R (7 +T)
¥ = Tfd T

o st ot e A TN F A TEW 15 AW (T, + Tp) =114 9, F Yo0 1 sifershed T = Mo

I Ffwd wate, gl fPR 1000 rpm W YHA ® T Se@EmR frR fer R

[3®—131.57rpm 9 368.42 rpm] FoRlt firR F
T Afg=wa R o’ (epicyclic gear train) ®
faffae-C, TR AR & & 31 firR D ao E i &
T4 %% g1 W o gC 21 4T MR B H = B
firR E & feR orifss R F @ faoet ool 81 g g
fafe=r e & <y Frafafed ¥—

T, =21, Tp =28, Ty =14, Tp =84 —
afe yTR A Tfaomed feen (clockwise direction) ® /
100rpm ¥ FAA ® @ W B F rpm qd I fwm i
warzdl (YW@ fo 4.61)

[3¥—11.1rpm IF&oMer]

g

O NI e

~N
m QUL E
L]

o= 4.61.



66.

66.

67.

68.

69.

iR w1
o i R T R A s frren

e ) frer w15 &1 ofe qen 750 s
'm:zsamoa,?h firr frm ofy /@ ==
mﬁmmﬁm%wmr@ﬁmﬁfw T

mﬁmm,ﬁtmﬁmaﬂﬂﬁ!w@’ﬁ?
[3X—3750.5 rpm, 937 .48 rpm] ‘

@Wﬁ?ﬁ“ﬁmﬁ?&%ffﬁﬁhﬁﬂ!%lﬁmp,ﬁm U an 9951 firr R9 8 w¥fza 3
meaﬁﬁﬁthanwm:ﬁmQaTW%maﬁnﬁu‘faﬁqmﬁaw%:ﬁmQaT
¥} IF W 18 TR I FrR R S ww: 283 26 3R ¥

I &1 D, 150 rpm W feyorad fQm (clockwise direction) % < g
AR U F rpm 7@ 2 afe @) . P feer R (ig) e
P amm@d & (anticlockwise direction) % 15 rpm = wfy @
T

[S—6.22rpm, -8.16 rpm]

¥ 99 T8 (sun and planet) W T sAfesntg e wen ¢
TEAHR ™R (annular gear) W [ N wEw 130 qq TR
fret w25 R, Af% Yo (@rm) s fem & 240 rpm w g g Y

.
T S TR feR fer R, A g aw e e @ o LT
fem @+ fo 4.62.
[SR—630 rpm (M), 1008 rpm (Sfamomerd )]
a’tmﬁnﬁaﬁﬁ{ﬁmﬂnleomm%,aﬁwﬁmﬁﬁa‘rawﬁlEﬁmwsmm%mw
ﬁm,qaiﬁm%3wﬁﬁwﬁ|&m@ﬁWMﬁﬁﬁaﬁm5#mﬁ%w
R@@%ﬁmﬁﬁﬁﬁmzoﬁmﬂﬁ%lﬁﬁm%ﬁaﬁMW .
T=fE @ W SR (%)
[3¥—35 99 105, Srafa® T 420 mm)]

ﬁa4.esﬁmﬁhmq&wn§ﬁmﬁaﬁﬁﬁ$ﬁ%mﬁnmﬁaaﬁm “
224mm ? N WA 4 mim 21 9§ o D feew ?, 79 TR A, W WOH gEE ¥

=
aﬁ?mﬁm’fcﬁwm@%,mﬁmﬁ@ww%m@ﬁmB

F ERO F A e TR 5 T T 1w e w G 9 st g
EICHE 3]

[W_TD =56, TB =14, TC =21]

7. s 4



TTRraTe

(Flywheel)

ufed = fagr v T (Principle and Applications of Flywheel)
I I W TW ARt 79 H ol ven A gfeed, iR 9 g e w0 § s
(workshop)ﬁﬂﬁﬁ'ﬁwaﬂﬁ%ﬁﬁﬁmmﬁﬁ,w,wmﬁméﬁ
(L.C. engines) T YT T %‘I 5 % 9T = (cycle) ¥ I) Ay shEw: N1 (suction), ited
(compression), fa&R (expansion) Td & (exhaust) Bt FT FPR & 51§ F R 9R e o
TN 3 FER F 96 N QL F gl At & '
TIEEA $9 (I.C. engine) T8 919 35 (steam engine) # 37 RISl ¥ o GHE ¥9 ¥ Ifeq T8
Bl il S 1 @99 WA &Y (uniform rate) I B L) 3 91 & YOIE §9 A F1 F0 F 7w
isﬁgﬁﬁﬁm%ﬁﬁ%m@wﬁw%wwwﬁg(bridge)wmmum
T fear st #E F R @ e s R
= 5.1 (a) 7 (b) & %7 : T arrdea. 399 (I.C. engine) T WY §5 (steam engine) Ft Fd fafy
H @ SR o T 21 f 5.1 (a) B (b) O F @ few A 9 F1 T, R ) vwEm
e fim .

919 (Steam)




173

TSt 9, G T S AT T o @R (acoeleration) ¥ UREHT F w0 I B ¥ weum Y
T A IS F @0 X oo S Ted € e w0 e W ager gu e W fr B

% 03T Wifer @@ (static forces) TS &IgeTd g Tt et (kinetic forces) 3 HRUT, THTT
YATS: S 0T (T) Iea= 11 ererm &, Foras anreur s wioe =) it Tifer oft witahida o et &1 e
H YATS T ¥ TRad & ST S S & A +t TEEAT & §1 S % IH IAN-SIETS o GRomy
JHW H F R harer wfeEn (fly wheel) W feram wmar €1 wfeadrer afed @ e g9 § Ser=
W & IAR-RE (fluctaation) &t FH Tk §T ! TTHRT WA T (uniform speed) T e
& § o gorit & fafirp geif § 0 & =0 &9 (vibration) SR 81 wv=m TR 359 & TR
el & Ty & e ) W AT a TR e

(i) fregwam . (Piston effort)—f=5 5.2 il
A H1 o foreest T qeE @ are A6 A g
1 IR T (resultant pressure) ‘P’ 81 99 §5H ¥ a& X
O 7 < % e & b w o B gL O
I §9 feomd a7 3 faeT yamH (piston effort) Fed ‘ '

[90 — (0 + ¢)] S
[180 - (6 + ¢)]

%I gﬂaﬁ m Ta:' (N) ml m \\\\‘\ ///I
ﬁR?m‘P’%qﬁvmﬁﬁﬂqﬂﬁmmﬂT fmse

T R— | | '

| P=pA-mf tm ~ . ()

(SeaieR e fafoey srmde. 0 & faQ)



IEEEE—TTT

174 WA % faer

P=(p Ay = pyAy)—mf tm )
(swm@wmmm%m)
ﬁp:&ﬂ@m%mﬁmﬁﬁmmaﬂmwmmzﬁl

A:ﬁmﬁswmmmmﬁﬁ,ﬁmmmﬁﬁﬁmmr@%l
M p, @ p, mm%ﬁm%aﬁsﬂiwﬁwﬁmﬁm?ﬁmwmzﬁl'
@AlaAzﬁF&T%z‘ﬁfaﬁ(%m; W?ﬁﬂﬁﬁfﬂm%l %Wﬁﬁlémz )
=T S T g § Tl & A (kg) T
f=nﬁrmﬁarégﬁﬁaﬂam,nms2ﬁl
mxgﬁim$maamm(ﬂve)mwwmmGrMWﬁmﬁ%aﬁwm-
awamsmﬁqm(_ive)ﬁﬁwwmmmmﬁmﬁ%ﬁwaﬁmmmn
%m%mﬁimmmm@ﬁwml
(i) ¥ ot wame (Crank pin effort}—mwmwﬁmﬁ@aﬁ%&aﬁmmm‘s’
i theh U= 9o (crank pin effort) Fa&d &1 TS U (Connecting rod) ¥ Qv foeea wa @ ‘P’
¥ HWOT IO A 2 ‘R’,‘Q’wmhtmm%immw@m)a’ﬂl
fas 5.2 % TER,

P =Qcosd | c ()

— P 7 .o
a 0 o) ...(ii)

7, R=0cos(0 +¢)
LG $.=0cos[90°~(8 +9)]

, %’ S =0sin(0 +9) | .. (i)
<0 &1 AA FHEHTOT (i) A wET (iii) H T W

S=='P
, cos ¢
(iii) ¥k T (Crank effort)—¥ YT ! guis §ot (turning moment) it T €1 ¢ L5
RS (crank pin effort) T # Rt 99 31 e ¥ [UMwS ¥ A F SR D91 21 TR TR
AT (Nm) Bl

sin(6 +¢) (iv)

T=Sxr

T=P
cosd

sin(0 +¢)xr W)

T=P.r(sin® +cos6 xtan¢ ) (Vi)
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afz | =¥ASTH T FH T D W fam 529,
Ising =r.sin@
- i /
sinq)='_,sine=sm9 |: ~=n]
[ n r
. 2 2. 2
: sin“ @ \/n ~sin“ 0
aa COS = —sm2¢=\/1— > = .
tanq):smq) =smE) y n
cos¢ n u? —ein2 B
sin@
n* —sin @
& T (vi) |
. 3
T=P.r|sing+— S8 8 } S (D)
2yn? Zsin’ @

THS U1 7”1 I8 IR € ek 1 A 2

(iv) g & (Inertia force)—ugemyy i gt H Wt swit o el 36k farfir=r qoif o oy

mﬁwaﬁwﬁﬁam%twm%éﬁfﬁmwﬁm,ﬁmﬁgammmﬁ%
T FA F FHROT ITT T B

"yuts Ut o, T ther v am@ ot e €, % =t fafir= Rearfeat o yuts ot sraan
&% YA % TS w90 (Graphical Representation) Y @gd $1'”

“The turning moment diagram, also known as crank effort diagram is the graphical
representation of the turning moment or crank-effort for various positions of the crank”.

311mﬁh—maﬁx-aamamwm%hmﬁy-ammqafshm%t.

5.2.1 fafim=r ==t % #e waw 3 (Crank Effort Diagrams of Different Engines)

- (i) vt faferuet wm e §91 (Single cylinder four stroke engine)—fa 5.3 ¥ swan yuts:
Eul (turning moment) @1 Sheh T (crank effort) FRE R fRa T ?) W 9 W © ERSIETE
& T =% (cycle) & T T Wi (working storke) BT T s 720° AT 14t (crank)
TR YA 3 emt@ W e i1 (0) i &S Y@ W T ¥EtE ol (1) M et Yo w wefii e
T R a1 Wi F s fafavel % IR F W ATUSE T ¥ FH 2 2, Wi 1w § s
RO qe g B fafervet % ST I 9 AFAvSEr < | s B F wRv o s 9

—
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S H YR
[ Wm‘* e
By % |
,E ] / | ] )

o
—
(o]
o

°

U 720°

Teh dsh (Cycle)
— o (% FI0)
st 5.3. wEet fafvet Or ©ie AT S99 o gEiS YUl sme

e Qs ¥ 16 & TR wE R 9 7, 39 36 9 ¥ ot oRE FHones e, s fs faa i
wefia foran T @1 SEer) € ¥ 6 & < B % Rl s UHE ARG W g 81 Frafd 2
¥ YE ¥ frafa area & gen ¥ wifes gara areft 1 aguueed frentaa @ ST €1 w9 < e K6
! e e & 3 18 W *d w0 vga €, e gF ¥ o Ae wiw g 21 el & o
¥ s o W A & fAve & ST T G HHO GAEE ARG A 2 _

(ii) e faferosx fg-femar ‘;-TTW?GI'-T(Smgle cylinder double acting steam engine)—374 93 5.4
o faferrst - T $97 1 IS quf e sefi R w1 78 e % O we @
h%mwﬁmm@w(cycle)wml

maﬁaﬁm

o
mey wferiy
% w
l 360 _
FHW@E mm—’
— T T

— g (sheh =HIT)
fert 5.4. wehet fafervst f-foren sw g9 o gats: got e

YIS 3Ol (T) —
;

(iii) o faferuet s gem—am fam 5.5 fF fafavet wo s5 % fad e w9 (crank effort)
I weifa i T 21 i fafavet % S AT g9 (turning moment) ARW 3T T el
R TERia foman T 31 A Fafavet T § W FF (crank) 120° % SRR W $ v ¥ T 92 O
& uftorft gAfs ot e@ & A (resultant turning moment) fa= 5.5 % weRfa fa=n mn 2
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RO AR (Resultant Diagram)
AN S
e

—2 fafarer—3

T i (1) —

0°  60° 120°  180°  240°  300° 360°
o= 5.5. ?ﬁwﬁrﬁaﬁtmmmmwm

52,2 Tferaret vf%'& o @14 (Functions of Fly Wheel)

. gt (w)QaW‘iﬂf(turnmgmoment)aiﬁ'@53 54@55'@@@@“‘1’@%%%
Wﬂ?ﬁ(cycle)'ﬁmf(energy)wqﬁwﬁmﬂ?ﬁ@?ﬁ%aﬁweﬁ¢%mwﬁ‘ﬁ
w21 HF FV1 0 T TASH IUE F1 A F WG R0 G TAF &0 S e & R seaifed s @@
e ot i B w1 S ¥ W A vRad A3 R f w A e A w9 T
(condltlon)mﬁ%mmﬁﬁaﬁww(unlfom)aﬁﬁﬁélmmﬁm
T T A Fraelie wa §1 om: o 3 S U S F W ) Tawenel ¥ ner Teqer wEd ¥ ot
T i Ufed (fly wheel) St SET S €1 iiure wied w1 w5 o fafavet ¥ afus S IR
ﬁmﬁ@sﬁﬁammmﬁm%mﬁ&ﬁﬁaﬁaﬁﬁmﬁmm%nﬁm@m
WA M (uniform speed) & fFamia ® wH

e ufed F epte-gol e FA H 0 3Gk gl (Moment of Inertia) F FRT B &)
Tt wfe, S5 & Wi W (Power stroke) T St SRS S B SEwifd o 81 9 ¥
A H-a0 Wik Gt i 741 FT =i § T8 T % R W A (release) T A 21
W YHER §59 isharell & T&d% 9% (each cycle of operation) H ¥AlS Ui ¥ IaR- m%mm
M T SR B e TR (flywheel) B/ FrafR fRa s R

3.2.3 fquTer Ufedr & W (Types of Fly Wheel)

WEROTA: e 9fed & WER F e e — |

(i) & % s ¥ (Disc type)! (ii)ﬁﬁwﬁa;imtype)l | |
(i) Sraeft % ot  (Disc type)— 5.6 § T T & SR H ot W (fly wheel)
TR e o &1 7 SR 35 e e St A o 3 3 R oo o a8 o
T e g orfers W & FRAR W T @6 #1 TW Wl o I R % RW ¥ smeR
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(rim type) 3 e o / A 2 2 o7 T€ QeI HH FH & e (fluctuation of energy) F|
frafsa FT gl 2

FTHFIE AT T

(.Thin edge)
for 5.6. for5.7. N

(ii)ﬁn%mﬁmmtypej—wm%mﬁmwwﬁq(ﬁm)mmm

é’cﬁ%lfm%aqm"amﬁmmm-ﬂww%%ﬁmﬁm%‘aaﬁﬁ%m(disctype)%nm

e A o W 3R AfEE T’ﬁﬁlﬁﬂ (radius of rotation) fK’E’I""f ¥ FRU I8 AFF Hl IeAaa

(fluctuation of energy) ) frafsm = gk 81 AT Sl H HE ATAHR, g a1 IR

(elliptical) & wadit 31 fot 57 fm® SR 1 el wfean wefifd R T E |
1 51 o 21 PR Ul B g0 @ TF W qehl
(segments) & g T fR i A
%%ﬁammwﬁ%m@iwﬁéﬁ

afiaret Sfedn GG @@l e (cast iron)
(casting)mméma@q@ﬁwmﬁ
(bolts)amshm,{nqﬁmwmwémmav@

s ¥ foaw Feifes (keyhole) T o 2

* (Fluctuation 0f Energy and Speed of an Engin

fa9 53,54 s.sﬁ‘m%@fmgﬁaw,m%ﬁ(cycle)fquﬁrzm%aﬁwﬁm*“
ﬁw«ﬁWWmW%mémé.mwﬁa%ﬁqﬁaﬁfﬁ@a’trﬁaﬁéléﬁ?%maﬁ@
(cycle) ® WIe W*W(El)amwafwz)%m% a7 FY FHAl Tl IvATa, |
- (fluctuation of energy) FEd 21 Q (E, - E,) 9 wefid fepan STl R
_ m%m%ﬁﬁmﬁwmﬂ%mw#mﬁaﬁafw.aw@ﬁlm:
gfer = (cycle) Aferamem i (N ) e Fream i (V) % a7 S TRy T Feerrae (fluctuation |
of speed) FE &1 T (N _N,) @ weffd @ € -

(i) ﬁfﬁl‘mﬁ?ﬁ T ‘{Iﬂlﬁ? T (Cbefficient of fluctu |
f fluctuation of energy), F o ATaHRAH =l SoaTae Ua i < (cycle) AT |

= e 1 78 ‘o0 @ ERia F@E

(Coefficient 0
& & I
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"It is the ratio of the maximum fluctuation of Energy to the work done Jor cycle.”

_ T I
F W T (cycle)

e=__ (E1—E,)
we wfer = (cycle)

(ii) T SAR-wragr T[T (Coefficient of fluctuation of speed)—=z fy % atfiran IA-31E
W A T W w2 W ;

of maximum of speed to the mean_speed is called the
coefficient of fluctuation of speed.”

C_*Tﬁrifa?mm-wa

5.4.1 % YT ST ¥ Iqany (Uses of Crank Effort Diagram)

(i)s'm%nﬁraas(cycle)ﬁéﬁsm(r)@h%ﬁmﬁwﬁ
WWWMIMWH@%WW
T H AR T w o R

(i) (T-0) 3@ % &The =1 3ot eead méﬁmaﬁmmqﬁ(m)m%mmm
2l

(0)F 3TRW * SaFe T
awﬁﬁm(zv)ﬁwmamsoﬁ T T

(iii) (7-0) ew @, ‘T % aafwm%m,aﬁsmaamﬁmﬁmma
5.4.2 Tiferarer wfid h-uged @t T & o e
RIS m =TS 9RA & v F A= (ke) |
E) = fauret ofed % w =6k (cycle) & s stfram Sl T ARET (Nm)
E) =%d.=% (cycle) ¥ So= Fam oo =1 iy (Nm)
Ny =3 356 (cycle) ¥ TRl %t stfashan 1Rt o Yo o (r.p.m)
N, =¥fd =5 (cycle) ¥ ufed = fretaw i Fo Ho fifo (r.p.m)
K =7fquret ufed =t faepia o (m)
o =90 =% (cycle) ufed &1 fuswman Fvig A (Rad./sec.)
©, =9fq =% '.(cycle) fed &1 feam iy am (Rad./sec.)
I=mK? <f&d % 1d 1 71 = WA U1 (mass moment of inertia),
e F F% § W el e aw F |
9 fqarer ufgd 1 Afeeraw S (maximum energy)

(Calculation of Mass of Fly Wheel)
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E, =%1m,2=%m1<2x(3%L)2 .. i)
T o = rad./sec.]
Tfearet 9fed it fFram St (Minimum energy)
E, =%Iw§ =%mK2 x(zlégi)z ..(ii)
. [ete, = nNg rad./sec.]

ol 1 AAfuwad IaR-TgE (Maximum fluctuation of energy)
E Fodo E 1~ E 2

2 ‘ 2
E,q =imk? 2Ny )T 1 o 2N
2 60 ) 2 60 )

1 .22 4n2 oo V0
Eiq,=—mK*| — |[N{ =N
Jo9 ) (3600J[ 1 2]

2

T 2 N1+N2
Eiq =—(mK ) ———= [((N{ - N
e = sk FE R oy =)

E; -E, =——(mK 2y ( 3frem if ) (wifa & i)

W(lnl)mmwmm%wm)aﬁmﬁmm%n
5.4.3 TTfaaTer ufgdr @ 3ra St (Mean Kinetic Energy of Fly Wheel) |

Az E,,/ =i ofed #t sitea s (Nm)

TG =TIt fed < st Frvfta fd (Radian/sec)

E
" 2 x 60

: 2
=l(mK2), 4n” [Nl ;sz

BN

2
%Iw2 =:21-(mK2)‘(27dv1 4'21IN2) ( 0=

@y +0 )

(i)

.(iv)
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wIREE EE =" (mk )(N‘““N”(wavz)
900 !
(EI—E2)=T!2 N1+N2\
H (N =Ny 500 "K )(_2__, V)
R (v) F (iv) R,
E (El -E;) X(N1+N2)
S (N, ~N3) 2
- m=lx (Ey -E,)
2 | (Ny-N,)
N; +N,
2 I
q 2E, xc=(E, -E,)
WA, F (E) —Ej)=ex®d 3fd T6(cycle)
3 2E,, xc=ex %@ 9 T (cycle)
q 2E,, x< == ufe = (cycle)
e

a1 T ufer = (Work done per cycle)

_ 2 iR R i st s xS S Uit

S IAR I Uit (V)

54433—&!%103?33?%3%@ AT | FoAt T IeaTa= Fd HET
(Determination of Fluctuation of Energy of a Multi-Cylinder Engine)

fom1 5.8 3w =g fafavet do @ Sy amtE wefia e T ) or oTtw 9 % & ot

(cycle) & fod 31 T, 39 &1
v wfereft gutss got &1 7
T & 99 9 3R ¥ amE *
%A WU a,, a,, a3,
a4,a5,as mm? 1 9€ o A

f# fag P’ @ oo Emm? ®,

T W fag W Sl oW WEL

I HIN—
PR &St (Ep)=Emm”

st oot (n— 3

—— ¥ 7 (0)
fas 5.8.
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0 R 5 (Ep)=(E —ay)mm’

RR 391 (Eg ) =(E - a) +a;)mm? =(Ep +ay) mm’
S W st (Eg ) =(Ep +a; —ay)mm’ =(Eg —a;) mm”
TR St (Ep)=(Eg —a3 +a4)mm?® =(Eg —a,)mm?
U R S5 (Ey )=(Eg +a4 —as)mm’ =(Et +ag)mm?
PR % (Ep)=(Ey —as +ag)mm’ =(Ey +ag)mm?

=F mm

2 (iifis P SRfEe e ST & St 1)

mmmwmﬁmmmﬁaﬁﬁﬁﬁwmﬁmw,)@ﬁwm

SRAT (E,) H 96 i) =3 e e (RS P forgall W MR <
3Tq: Hell 1 Ia TG
E, —E, =[(E - a +a;) —(E, +a,)Jmm”
~[(Eg +a3)—(E; +ag)mm’

mmﬁﬁzﬂmm%m-wiﬁvﬁmwaﬁaﬁﬁﬁ@%ﬁ%mqﬁﬁ dfew
mﬁnﬁ@wm%qa-ﬁﬁﬁﬁaﬂﬂmé%%lmm@lm(iii)ﬁwnﬁﬂmqﬁﬁm
WWMWW%IWW@W@#Imﬁﬂﬁ(dimensions)‘ﬂilﬁﬁwm'gl

5.4.5 qfiT e & Tifirarer ufedr @@t (Work of a Flywheel in a Punching Press)

qf=i 39 (punching press) T, FAMAIA @ # fox
T ¥ fere fran s @1 e 9§ f@ARET (rivetting)
i o e ol g R s &1 fred s \
¥ w7 v f & fn e o SR A R F waR LY (Y-
=91d (fluctuation of speed) 1 F7 FT % fordl s fehan S '
I & wefE ¥E AR W WK GAA @A @) 9= 3 A (Moton)
nfrare wfed FHE TR % IAR GG W HH BN R, R o
Wﬁwwmm%amw (cycle)a?a'l'l"l ALy
TR (load) Fe-sgal & 81 9= 39 1 Y@ 5.9 |

_ ' _[—(Plate)

%2 _ %+ W
(Carnk shaft)

—é'ﬁi (Camk)

e

|4

wefifa feman T R :
% ¥ i free 0, ¥ 0, T, WIS sheb T (Pﬂh)z

fomare W s R 5w, Fits 36 A = i

mmﬁ(punch)mﬁmlm%ﬁﬁvﬂﬂﬂﬁ

(angular speed) FW 2Nl Safh sheh T el & & Tl %////// :

V=t o

A &9 ¥ faerd W@ wig faeamw 0, ¥ 0, 9% ‘ st 5.9.
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S T R TR e T S R s e @ i ot sfes ) w5
e ® ol S5 B (source of energy) ¥ T frara w1 A 3 firerd e av: W Fofra T D
e T WA & g srferw st Y Frewfia w0 @ ofvs wioia TR 9 s § S B o

< M FN 8 Tt e 7 formar o W e @) e A ¥ o e
v (moment of inertia) # T@Y ¥ FRO T gan B
ok E, = oz 9 41 w0 ¥ Rl orewas s 4
W d, = 3% %1 =i
t, = H AR
t = Afehay wd wfvaa)
3q: Ifeshan v w@ Fg =nd, t;t (1)

(T & = o R o o et @) ST 3 e ot ad v AR i "fﬁ?ﬁﬂml)
o 8% % "R o R e @

El =EXFS X t ...(2)

(TE t= wﬁ*ﬁﬁaﬁ% o fog fva T 1)

m@%‘;éﬁ%@wmﬁmm%l@mﬁwmﬁﬁmaﬁnﬁrwﬁfﬁm
E, ?1 3 MR 3 HF MR 9 @ T At ool

05 -6
E2=E1( 227: ') ..(3)

0 o5 F 99 T A aEvEE o= o,

_E, (1-92%91] - 8)

Tg Sl mﬁ%m#wnﬁﬁwwﬁaﬁmmmﬁﬁiﬁ%mm
o il ¥ srftraan SAR-weE

E,-E, =E, [1—(92_‘9_1)] ‘ ...(5)
2n
w(ez -0, _t_ty
2n 2l 4r

t =" HI AR
=99 %1 BI%




184 YA % fag=
—9 x ¥ w1 A=

Wmmmﬂwwﬁqﬁmﬁﬂﬁﬁﬁﬁ@ﬁmﬁmwm%l
~ 3aretur 5.1t wg-fafeust (multi-cylinder) $5 & =t % IaR-=gra @t HHT 14000 Nm
£17ifer & Iaw-=rgra @t |/ 280 <o wo firo (r.pm.)ﬁaﬂ'ﬂﬂﬁﬁil%thﬁ«'mmm
=T 1.6 m &Y, A IS AR 7@ HAfAd|
T 3— "
(i) St F Fea@=d (B - Ey)=14000Nm
(i) siea T (i"_l_;ivl) =280r.p.m.

(iii)TﬁaﬁﬁW(Nl—Nz)=2x2;2—m- - ‘
100 i

} =11.2r.p.m
(iv) AT T (K—)=1—‘2§ =0.8m

T 9§, 6

' 2
s T N{+N
E -E, =—9—66(mK2)(—1—2—2)(N1 ~N,)

3.142 5
14000 =2——4mx0.8)” x280x11.2

900
. 14000 x 900
3.142 x0.8% x280x11.2
{ =636.73 kg Rl

W 52—TF T F e o W ot 6SKN & war aRwwor srger 1.8m ¥
gﬁ;-aqd-mmthaﬁﬁm%mm%mﬁ:gmwmm%ﬂ120r.p.m.ﬂ,ﬂ’f
T AR T T FAA

To—fea —

(i) TS W F A =65KN

(ii) TRsHoT g™ =1.8 m

(iif) il 1 F=aEET =56 kNm

le%r.pm-
> ,

(iv) =rea fd



T 9 €,
2
N{+N
Ey-Ey="_(mk?)| 122 |y _
1 —E, 900( )( 5 (N, 2)
3 3142 )
56x10° ==——(6500x182) x 120x(N; - N,)
900 .
(N, = N,)= 256><1000><9(;0
3.14° x6500%1.8% x120
=2.0227 r.p.m.
L& (MJ =120r.p.m.
2
q

(Ny +N,)=240r.p.m.
(Ny+Ny)+(Ny - N,)=240+2.0227
2N, =2420227

N, =121.01135=121r.p. m.
2N, =237.9773

N5=118.9886 =119 r.p.m.

ferarer afem

185

I

"SRRI 5.3—Th 200 KW-ehT fg-foram wtra §ot, SR 120 rpm &t wrem i @ wremr &, § it
& ITATE, TS Q 20%'€m%mﬁ|mv%'&%?ﬁwaar1300mmmwatdwmmmﬁm

(m) Fremfea st wia =1 oemerem wrea vt & 1% % et & war §1
T §,

(i) wfF(P)=200kW
(i), =Tt IR (%)=120rpm
(ifi) S F1 I=am@= (K, — E,) =20% Hred FHsi

(iv) 9reg 1899 (K) =1300mm = 1.30 m
(v)nfd &1 S=am@=d (N, — N, ) =1% W= 7ifd

1
=120x — =1.2 rpm
100 E

2niNT
T W § i, P= P
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7ET, N =" Tt rpm A
T =7rea " ol (Twisting moment) Nm |

Px60=200x103x60
120

, (2rT) = =1x10° Nm

aa: (E,-§2)=1x105x%=20x103Nm
FET (2nT) TS e F T et B forn T @ s W S A O 2 et ek s
T =5 (cycle) +ft Tfauret ufed & u @@= ¥ qof @ ? T8 (2nT) w95 (cycle) & fran mar w1
g
FHET (iii) § TH I & o S99 F 9 9% (cycle) T H I=AE=EA,
s N{+N
(E, —E2)=;‘TO<mK2)(%](N1 ~W,)

3.14%
900

B 20x103 x900
3.14%x 11302 x120x 1.2

=7501.77 kg IW

ITET 5.4—1h FAfAUST wewer ufewa (single acting) 9T e iy S 15 kW grfe wer 250
ST Yiafie o e &< @ % g et =i (expansion stroke) &1 &1, Uit < &
T 2.5 U R m:@m@m%wﬁm%uaﬁmwm—mm%ﬂ%ﬁm

T & iR guis; gut aﬁwﬁmnﬁgmmﬁﬁwﬁwmmwm 3rgof (mass moment of
inertia of flywheel) AT &I

Ta—fan

(i) e fafevel wr ®rF oF

(iiy~Z5 . I (Power) =15kW =15x103 W
(iii) =T wfd fiF e (V) =250

(iv) o e 1 FE =25 x GiteT

(v) TSI 1 A e el (1) =mk? =2
e WMd €, fF—

20x10% = (mx1.302)x120%1.2

_2nNT
60

P
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15%10° =2><3.14><250><T

60

15%10% x 60
=—"_" XO0U 5734
o) 2 x3.14x250 Nm

4 wfq 9% (cycle) = T(mean) X 9

T

=573.24% 21 x2 =7200Nm
mﬁﬁ@@ﬁﬁmWWme%I
Fa: SATAR Fre e ¥ fov o w1 =250 N

= |IF (suction stroke) T W& W (exhaust stroke) ¥ o ma1. %7 FFEER Tvg 2
ad: -x +2.5x =7200

1.5x =7200

X =4800Nm
w R ©iE ¥ R T w =2.5% 4800 =12000Nm

m@a?ﬁmqmmmﬁas.loﬁﬁﬁAOBﬁmﬁmm%ﬁuﬁmmm
T3 OM =T, #
A ﬁ'&lﬂ%ﬁmwaﬁ'ﬁ:%xnxTM

%xnme 12000

T oy =7643.312Nm

wie SR d%e ODE'St T wnts uof Y@ ¥ ww @ A S F I=uEEA
(maximum fluctuation of energy) i W ?1 3@ wfufaa A,

T Max.torque
€
E
()]
e
g Min. torque
A
47
n N
/—\\/'\_JA M B\‘_/
}=— Suction —s}=Compresion »{=- Expansion -~|<— Exhaust —|
| Crank angle (0) -
far=t 5.10.
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i & fagm

AODE™ &%%8 _ OF”
AOAB &1 &IFA  OM 2

OF?

AODE &1 89%d =A OAB F1 &FFS x :
oM

2
=12000 x 7070972 =10267.524Nm
7643.312

[ @&l OF =OM - FM =7643.312=5732=7070.072 Nm #I]

A qH,

nl
3 N, +N, ¥
(E,-E,)= P mK [—2 )(Nl N>)

3.14%

10267.524 = 4
900

(mK )x250x(250x —)
100

10267:524 x 900 x 100

I=mK?= :
3.14° x250x250x 4

=374.89kg-m? E3id
Me—ard 3t =5 F AN R o0 e F: 16 R i IR Biw T F FF o F ) aww

¥ S =1 TF 9 (cycle) i Bt 21

IETEATT 5.5 ek A =1 59 T 240 rpm T 20 kwmﬁammt awfaumawfg&m

TSI T A Aafeh S gRT UTaR ©Ih o WHT e QU w05k (cycle) ¥ 3ivaa @l &1 1.4 T 8
TifqTeTes ufed @ i =T 1800 mm%aﬂrwﬁwmmﬁm 5% %1 3971 & g¥ W ofraa
gt st Je St

Ta—fm R
(i) IR r& 391 (Four stroke engine)
(i)~ 3itga fd (N)=240r.p.m
(iii) Sefea WA (P)=20kW =20x10° W
(iv) TR B & fF T wE =1.4x siea FE
(v) =l 1 IeaEed (N) - N,) =5% x i =t (N)
(vi) fa &1 3iea = (D) =1800mm =1.8m
e 9 €, fF—
_2nNT
T 60
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7@l P =3 WfEH AR (watt) A)

N =TiaeS & w6 9 fime (rpm))

T =¥Ea T o =EA-wf (Nm) Al
9fd =%k (cycle) fFa mn

onp - PX60x2 _20x10% x60x2
N 240
=1x10*Nm
(ST g3 ¥ 2 A TN 9N K 91 % w0 A w4 1)
R T R fF T w ™ =1.4x1x10* =1.4x10*Nm

4
o Q% § e T sivew w9 =1"L° =2.5x10*Nm

W I H I (E) - E,) =(1.4x10* —2.5x10*)Nm

~ =115x10*Nm
) .
N+ N
E\-Ey="_mk3[21" 22 (N - N
T | 2 =500 [ > (N, 2)
a 3 5

1.15x10" = xmx0.90° x240 x| 240x —

0 100

_ L15x10* x900x100
3.14% x0.90% x240%240x 5

=450 kg ; I
IETEATT 5.6—Th I T3 & WS YUT (turning moment) Tt Fart 5.11 | wrem wierdrer Tan &
FW T e & AABS T/ +310,— 205, + 220,— 295, + 122, — 244, + 225 T9T 133 mm? Tt
T 1 ot = S o e T
T guf, 1 mm =1000Nm
ek AT, 1 mm = 2.4°
T fire o efraa wraenil @it den lso‘éqawﬁfmm{trimm MW%Z 5% W tfuren
Wﬁ@m%mﬁmw&&%ﬁq%mvﬁﬂaﬁmﬁh&nﬁqﬁaﬂwwﬁno m/sec § T9
for wered @t v 7200 kg/m® fm

TA— AR e wed W SR T o, s f 5,01 ¥ weRta fean
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295 244 133

T& Ui = (Cycle) —

TS oI (1) —=
N
3

— % F (0)
o 6.11.

A A fag W 70 o1 (turning moment) E ; = E mm”?
B fag W 7l ¥ui, £ =(E +310)mm?
C fag W W i, Ec =(E +310+205)mm? =(E+105)mm?
D fag W Wg i, £, =(E +105+220)mm? =(£+325) mm?
Efag = e yof, Eg =(E +325-295)mm? =(E +30) mm?>
F fog = wrg 3of, Ep =(E +30+122)mm? =(E +152) mm?
G fog W Wz 9of, E; =(E +152+244) mm? =(E —192) mm?
H fog | 08 991, By =(E=92+225)mm? =(E +133) mm>
Afag | i, E o=(£+133 -133)mm? = £ mm>
3d: 3tfasam 70 Hol (B, )=(E +325)mm?>
o, e g, 1, (£, ) =(E -92) mm?

TR Sl ol IS, (Ep — Ey) =(E +325) — (E —92) = 417 mm?2

=417x1000x(ﬁxn)Nm
- 180
=17458.4 Nm
Firea T (E%];ISOrpm
25
Tfd =1 I==rE=d (N —N2)=180xR)6rpm

=4.5rpm

(fean

(fem
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2
17458.4=1_(, 2
900(" )x180x 4.5

"‘IKZ =M9

n? x180x 45
=1967.44 kgm? (1)
T R F Fivivg iy

2x3.14
=~x—?05§9=18.84rad/s

RRURICE R (O E-T I 4
Rl 20=18.84x K

K=—2i=1.0615m
18.84

IR TR (1) ],
mK? =1967.44

m(1.0615)% £1967.44

196744
1.06152

n

=1746.069kg
T W ¥ f
T H A = FTEA x T x T
m=ax2nk xp

1746.069 =a x2x3.14x1.0615 x 7200

1746.069 3
a= m
2x3.14x1.0615x 7200

=0.0363788 m?

=363768.8 mm?
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IETET 5.7— T sgfafuet §or % Pt 7rg ot (output turnif\g moment) T TH Wox

v Y % wear et et @ivEd QHE A WA U
_35, +410, ~285, +325, ~335, +260, 365, +285, ~260 mm

gﬁsqufarﬁulmmﬂonqﬁlmm=4.5°mmwumaﬁaﬁmvﬁrmmm
wai iy e ST g fv T 2% ®

mm%mmmmm&wﬁwmmmlmmlhmm _,
a:mvfmm7200kg/m3%lmmmmmtmm@,ﬁwaﬁawm
yetreil & WA Y O W

e B,

(i) st wfa (N_';_Ni) =900 rpm

(ii) T 1 IR TG (N —N2)=(ﬁ2)—0x900)=18rpm

(iii) gfer 1o SHfcrsret (,)=TN/mm?
(iv) e 1 ¥ (p) = 7200kg/m”

(v) SreE (b) =2 x AT (£)
3G 5.12 F1 ST Hifa

285 335 365 260

STl (1) —
g 4

TS T I (Cycle) — —

—e i W (6)
ot 5.12:
WWW@MAWWzEmz
fog B W F =(E —35)mm’
firg C W 391 =(E -35+410)mm’ =(E +375)rmﬁz
farg DR I =(E +375-285)mm” =(E +90) mm?
firg EW % =(E +90+325)mm? =(E +415) mm’
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b F T S =(E +415-335)mm? =(E +80) rnm?
fg G T 3 =(E +80+260) mm? =(E +340) mm?
frg H W 1 =(E +340-365)mm? =(E —25) mm?
firg K W 1 =(E -25+285)mm? =(E +260) mm?
frg AT Fl =(E +260 -260)mm? = £ mm 2
@ YER Sl I SAUFTH I (E, - E, )
=[(E +415) - (E -35)]mm? =450 mm? | )
=450x 70x| 23 -
X TUX| —x 71t [Nm =2472.75Nm
180
: _ |
R _ =L 2 N| + N
IR E (B -E)=T (m )(——2—2 (N, - N3)
Tc2
2472.75:9—0—0(me2)><900><18
k2 - 2472.75x900
n? x900x18
|l mK? =13.93 ...(Q)
2
¥ C.=pv ...(ii)
TR g G, =HE Sfvwe a1 wRefra wfiwet (N/m?),
p.= %4 F ¥ (kg/m?),
V< U 1 e St W OYE A (mis)
T (i) 9,
3, ; V= Fﬁ
p .
. ' 6 '
e 22007 a1 18m s
7200
™ E Ll
60
31.18=RXDXQOO
60
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_31.18x60
7t x 900

3 ™ (K)_Qﬁj_z_o 331m

=0.662m

Tl (i) W,
‘mK*=13.93

m(0.331)* =13.93

13.93
(0.331)%

m=

kg

m=127.17 kg
4 A, m=2n K xaxp

127.17 =2x3.14x0.331x ax7200

127.17

a= ~0.00849m?
2x3.14x0.331x 7200

a=bxt
0.00849 =2¢ x{

12 =0:004245
#=0.065m
b=2t=2x0.065m
b=0.13 m

FEIUT 58— e Ufe el we fire ¥ 6 fox et &1 e fox Rt = 40 mm €, 35 mm
e @t wie B fog e i i m;nf ATEUT AAHA F T2 8 Nm Fall it ATagaahar grdt 81 i
T EId 95 mm-§ 3R TfuTeTs: ok @t WA T 20 m/sec €, Y HWieX & feng savers wivw W@
aﬁﬁmnﬁﬁgﬁmmmwﬁrﬁs%ﬁaﬁmaﬁ@mw&qnmaﬁww

(mass) Sft. 7T S
To—fean 3—
(i) 8% 1 =9 (d) = 40mm
© (ii) @ F ARE () =35mm
(iiii) F9 ! SrEaTERd (£) 90 mm? FTET &% * AU =8Nm
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(iv) 99 F T (1) =95 mm
(v) T =5 B W i (v) =20m /s
(vi) T 1 I=uTEER (v =v,)=3%
(vii) 9 e IR T fog) w5t Wy (n)=6
(,)ﬁaaﬁmw&a '
HofoR F1 8% (4) = nar =3.14x 40 x 35 = 4396 mm 2
wfafex s %t @ (E,)=8x4396=35168Nm

qa:ﬁ}:aﬁaﬂﬁﬁamm=%0=1om

qﬁﬁ%@ﬁﬁ@m:%@:ssw.s Nm/s

¥ WX H SEwEF W (P)=3516.8 W =3.5168 kW
(b) TfeuTeT =5k T TN
ﬂﬁm=ﬂﬁmﬁﬂ'mmﬁ

[ =2 H A=R =95 mm

t="=1 F W =35mm
T TF O T wO ¥ gwy = 1‘; x3511.84 Afpve

X

WX B @ I T S (E,) =3516.8%1.84 26478 Nm
W TS H IeEEE E| —E,=35168 — 6478 =28690 Nm
T @ s i ()= WL 7Y2) _g 03

v
T I 2 f eifteaw ool @ S
(E, -E;)=mv’C
28690 = m x (20)> x0.03

m=2390.84 kg | ‘ I
A5t 1 Afushan SeaE=A 79 TSR st 96 fear 1 g §—
it ' E, =35168 Nm |
0,-6))
- S

~E|1-% =35168[1- 3 ]=28690 Nm
21 2x95

X
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ITTEAVT 5.9—UF Ul WA GRT 20 mm T WE § 24 mm 3916 & g 770 & T2 amavas
TfruTeTE afed & WWWW?&W (power)mm&lwmuﬁ@m@m
FTaT ST 8, 3l i e 32 Rie e W 1wt @ des vmee @ 300 gaATa § fwson ke gut
At ¥ Fw vToR T TfATeTE Rk WER 10 ;1 S @t e 29 g At e )
TifraTere Ui Y =IAAW e rfiranaw W 90, Taht At §, 3w aefi 3 =it T 85% wret wn
Tt 1 3T Wi 9 atfrw wd T wmed 350 Nmm ? §)1 wifrareres ufed @it ofvera firsam 50 em witRy

TA—0% &1 &9 99, A =ndt =7 x 24 %20 =1508 mm >

Uq R 3AfeRaq 9, F = A4 x350
=1508 x350=527.8kN
39 T fog 0 ¥ o savas e = U9 W g 99 x ©I FHHER

=Bx-q'ant Fferhan aa]x‘ézﬁ e

20

1 £5278 Nlm
00

=§><527.8><103 X

1 TE W Al qe 85% ¢,
3d: ufd =k (cycle) ¥ =g H T FHi _22—87:—6210 N-m

FfF FF MR F 30° gA F aﬂh@w%360_amﬁmm%%l

. m:mﬁnémmwﬂmmmaﬁmmm@«

3T mqﬁamm-m (Ey - Ez)——2x6210 5653 N-m

32 FEfEd Wi i e | $e W 9 R =32 r.p.m.

3T ek 9fed H A, N =32x10=320 r.p.m.
9fed # Afawan wofa i, o, =27:(\)[' _2n 2520 =33.49rad /s

e 9fed @t =FaH T, 0, =33.49%0.9=30.14rad /s
R L b I

2x(Ey—E,)  2x5653 _2
g | f= 2' 2= 5 5 s =53kgm?
(of —w3) (3349 -3014%) 213.36
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a7, I =mk? =53 kg-m?

[uﬁmﬂﬁrmamaam,k:mqﬁsaﬁﬁm)
m=F=—_=212kg (TR & =7foaret wfed 3 o =0.5m)

;. TR 9fEd AR, Wo=mg =212x9.81=2079.3 N

o, W aﬁmmﬁap=6210xz_(2).=34oouf=3.4kw ELis

mgms.m—qa?ﬁa'l‘z'nwﬂﬁ,skwwfaaa&ﬁamqmqummmwtl

Tferarer Wi T FE 150 kg T B9t 0.6 m ¥ ww R far 1 VU T ARG A § T
10000 Nm ¥Rt STaremHfRres sheeft 1 fRarfé & et nférarer wfiedr a1t 300 rpm 1 feivfér & S are
% wifer = Rft? wha fmre oY i fafé & we ot [ =
TE—fem 2— P=3kW, m=150kg, k =0.6m, N, =3001pm
2N, 21x300
w; = =
60 60

feafé & e wmg & whe w TR oy = AT % S ae ¥ TR = i am
T 9 ¥ 5 W g e o
E, =3kW =3000Nm/sec _
WY Tk Rafén frn #, fogiil sec @ R, srwifim s £, =10,000 Nm
¥ ¥fa Ve o wfedgm a9 S =i w1 Hfeman AR Te (fluctuation)
AES B{ —E, =10000=3000=7,000 Nm
3A: S 1 IfUhad AR =gE -

=31.42rad /'sec

AEzé.mkz[ml2 —m%]

7000:%><150><(0.6)2[(31.42)2 ~(@,)?]

=27[(987.2—(w,)?]

7000
2 =
=987.2-| —— |=728

®, =26.98 rad/sec

- 2nN
T 9a € fF Wy = 602




| 3.5 M|

10.

11.

12.

13.
4.
15.
16.
17.

RICLIGE IR -] (Flywiieéli

198 WA & fag=

2=-2i?2—8—x—6—0=257.6rpm I
T

- mﬁﬁmmm—mmﬁaﬁnﬁmﬁ,WWMWi.m

i 10000 N-m &t R

aﬁzﬂﬁﬁﬁzﬁaﬁaﬁm=gz—x60=ﬂx60
E, 10,000

=18 @z | IW

¥ Frf F - faaan =

T T S e wfed qen h st & ST Al (UP 2014)
qyam 399 % g ¥ e ) gitwfya FikR— (UP 2015)
() f= o (Piston Effort) (i) %% f7 YW (Crank Pin Effort)

(iii) g% Ui (Turning Moment) (iv) & & (Inertia Force)

f= = awsd—

() i 1 S=IE=A (Fluctuation of Energy) : (UP 2001, 04)
() nfa =1 I==@=Eq (Fluctuation ‘of Speed) |

(ii1) It 1 I==EEA Tﬁﬁ (Coeff . of Fluctuation of Energy) (UP 2003)
(iv) T =1 == Ui (Coeff. of Fluctuation of Speed) (UP 2001, 04)
iy Sl IeTE=A TPI Q41 I IeEEEA Ui A T TR Ffg (UP 2007)
9 WFY (Rim type) 791 Sfsh T&9 (Disc type) F Tfurere =@k ¥ 3R &= wifwwl  (UP 2007)
TF T fafavst &-frar ams s &1 guis-gol e sl (UP 2014)

oo =% (flywheél) F1 7 Tfd % I==9@=A UIS (coefficient of fluctuation) % o w& =y
Fel & AfuFan I=aE= 99 W A W, Maaers 956 H Ias Sei o g8 § 9 s (UP 2012)

Zfn g~ @™ (Turning moment diagram) & SAT&Al S (UP 2017)
Ifg He U aH RET @ ol W @ @ a9 A F faeamE, 9 agn w1 % foe e S S
(UP 2013)

ot e fafre 41w for doe 9 § TR 9% S R SR 8T 82 I YRR h T &
o 9% ® AN R HY fuife fen s 22

& T fafavet Taa iR a3 % fae o smgel s (turning moment diagram) Tl
(UP 2014)

TRirers WA ¥ 39 1 HE 2 T RN R F B 22 7 woE R s (UP 2014)

o 9fEd @ A9 R TE S S 22

TF 99 1 Tfd SsEEEd @ R geFEa|

& MY F1 fas 9 faeereor (dynamic force analysis) § 39 91 THER &2 SHmEd) (UP 2016)

T =i faveror (flywheel analysis) G9EEa| (UP 2016, 18)
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23.

24,

25.

26.

18.

19.

20.
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@m%mm%&umms.sxuﬁ
F=9a9d 6 x10* Nm 2| 1 ¥ TG (cycle) =
120r.p.m'§l

[SR—I121r.p.m. @& 119r, p.m.]

T 9 % TS el 1 OWR 65 kN € agr i AEE 1.8m ?1 2Fhn gi= zmm ot £ fR

wmmﬁaﬁssmm%luﬁmmwaﬂlzor.p.m.ﬁﬁmmmwmaﬂt'
fq H ST oS @ Ff :

[S—121rpm,119 rpm,% ]

kg 3R W97 B (mean radius) 1.8m #1 3
Ffveran nft v ~Faw 1fy F 7@ FHW F@tE Tor ofy
(UP 2015)

(UP 2001, 03) -

T A9 T H AfwT aq = i wmEw 249
T WY B 1.8 m }1 W Fifm—

@) T Wk R stud W (i) s i e (iii) =Te. IsarEaE it
[STT—240 rpm, 8868 kNm, 1667 x10~2] (UP 2009)

@Wﬁ%"\ﬁﬂmﬁwOOkgﬂmqﬁmﬁWle%lwmﬂﬂfﬁlerpmﬁzlzrpm?ﬁ'
Wt ¥ fhadt oot omewifd wam?

[3¥—59,9756 Nm ]

Th W9 399 & TIUrer ufed # ufgmor fisa
T 7 fer 1 fefafas # T sk
(i) nfaurer ufgd =1 i @

(i) Tfauret 9fed N YTE V10 sec =T S|

[ST—06rad /sec?,45 kNm)] (UP 2000)

147kW %1 & fg-ff &5 St 120 r.pom. ) wen o ¥ R we 2, F s w1 veuE=a W @

201%%3‘!31%mm%m%mﬁﬁmlsoommmWWWﬁmm,mﬂﬁm
S " fa A 105% Festt WA RN

[3¥—2761 kg

T fafmet 35, <1 78,55 kW F1 e =7 8, 3 v 3 JA-9GH (energy fluctuation) 1.5 x10% 2
ammﬁnﬁraﬁaﬁmnﬁi%ﬂnﬁm%Wﬁqﬁar@m%mﬁ?mﬁaﬂmnﬁlzonpm.ﬂ
a9 Tfauret gfed F faeoia = (radius of gyration) 1 m B, A 9% werd =) W (m) T FHife)
[F=-47542 kg]

240mp.m: W 20kW forfi #07 % o @6 9 €% 9 F fon nfiwe ofd % fw ® wR 9w

FIA afs aer QD ¥ foren T w19 ol % % st w6 W 1.4 0 21 i Y w1 wre s

1800mm & a1 et i FearE=. WA M F 5% % W A 41§ W W s Yo 5o 3w
Fiferd)

[3—450 kg, 796.17 Nm] .

T Tfaqre & werd @t "M 200 kg #, TH 100mm S F WE W W @ W A faafed w s )
foaftn nforer wfed % 2wl W 1 fERM A oW AR F RO 20 sec ¥ wwm W wew
(retardation) € % ol fraret ofed 1, 7fd 500 | 300 rpm T W W #1 Wwe A ferafen ¥ g
U Ui 0,09 21 i wfed @i A e w1 AW m s

[3¥—205.43 mm]

rpm T4 238 r.p.m. #1 =% H THAA 2600 kg

(UP 2004)
=1m 3R T = 2500 kg 1 I of 1500 Nm 2
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217.

28.

29.

30.

31.

32.

33.

wﬁa‘f%ﬁm

wF M e A aT T 120 rpm T 400 kW WK =1 F@ &1 @ Sl (turning moment)
TG A @ HA w TS it 0.1 81 e Ay 0.6% ¥ I T 1 IEATF MM T 3
TEAR FW wifwe, af s sRewor B 2 m @
[S¥—3166.28 kg] ' (UP 2005, 08)
e wFw fafiver e TS BT 600 rpm W 7.5 kW TR 3= g &1 At 9 T (cycle)
IS 300 N-m 8 a1 =61 IS Siaa W F £ 2% T@ A R 7@ 0.75m SEF R ey
(rim type) ¥ TfAqers W% W1 TAEH A Hif
[3¥—13.57 kg] (UP 2007)
@ﬂg—mm400r.p.mwwmﬁaéﬁ%ﬁﬁmmélmhﬁﬂmmm
(crank effort diagram) a1 TN T4 TF Tk (cycle) H staa aergel e IRRE @ F SR 9 A3
5 R &9 mm?) ¥ = g :

+162,-180, +170, —182, +178,-148

s@ # ¥ 1mm =240 Nm 41 1mm =3° 2
afz S5 A R 395 A9 405 rpm F T F @ o R @ Ao wfed F A SAvEF A FEA
(mass moment of inertia) T il
[STX—565 kg-mz]
T Tg-Fafeve 5 w1 TS ol NG 1 im.= 700 Nm SR 701 1mm =3° % & 5 = F
Fur T T R T R el s@esl (Gutput torque) I JA TR Sy 1@ A F A
gfted S9FA FE: FE SR R— |

50, $120, —95, 145,-85, 71, -106 mm? #1
399 # sifaa R 800 r. p.m. B 9T =gaN W& aifteran fd H SeEEEA (fluctuation) Firga T | 2%
Y oftw T D@ 2 v wEd = g el FeifeR
[3¥R—40.75 kg-m?] :
w wE-fafvey (multi-cylinder) %, f@® siwa 7fd 500r.p.m. ?, IS Yo IR@ (turning
moment diagram) % ST a1 2 ¥ AT FA; + 160,—172, + 168, ~191, + 197, ~162mm” &
antE w1 e fefafaa @—

FeeU 1 mm =250 Nm

F& H9 1 mm=3° ’

e 9 F vl w oA o Ayl fefed Ak ufowe ofed # 1fa w1 505r.pm T
495r.p.m ¥ W9 T A M F Fo Iea@Ed wa T F wfwm ¥ oF e?
[SFR—47.05 kg-m?, +1%]
% ¥ T 3.5 kW WX 5N =i 81 S YA iR § 5400 Nm St @9 €l € 9 & 99
F1 G99 o € W wver AT w1 gEn ad e uRd % I=SEEd # T St
[3¥R—2333, 1800 Nm]

@ﬁﬁﬂ(punching)ﬂ?ﬁ?@ﬁq!’aG@'am%I 35mmﬁ@€ﬁ40mmm%mm$
fire, 8 Nm 9 5 mm? SToeaftia el &1, F AGEFA § 99 F QF 95 mm 81 AR F
STy fh T ST 9. werdeE 9 stee = 20 m/sec 1 AR =@ w1 i gewrEE ofwd T
¥F 3% @ afus & A €, T wrEET F1 goE I S (UP 2015)

[3WT—1983 kg



R TUT RIS

(Cam and Follower)

* Introduction, types of Cam and fcllower, construction of Cam profile for constant
velocity motion, constant acceleration motion and simple harmonic motion.

§ 6.1'URE (Introduction) s 1 R e

A F T WA g H SH-FreNeR e T TREn qo StfEreha TR W 9 S Al Ferereh
31 T I R 5o Tl sraea (elements) I AR 3R TH&Y 7T (uniform motion) & TIH T
FF-FF DT (intermittent) A = STETTEHA SR 21 ISR SRS ¥ (internal combustion
engine), R (shaper), @R (planer) 3% ¥ 5o ataad s fifvaq w99 W T B T IR T
ﬁw,wﬁﬁmwwﬁ%ﬁﬁ%nﬂm@mm%—q (feed screw) st T fafee
T W T B BT OTHER R el I F-mreier domeed g e 9w d

&, T WA T (rotating) o1 Qs TR (reciprocating motion) &t ATAT Wi 3raTa &
T T m,ﬁﬁmmmﬁ,ﬁmwﬁmﬁmﬁm%lwwmm
I T I, Th-Fh T (intermittent) = rfraftra i (irregular motion) 3 wa ¥ yre gt &1 %0
WW@@%W%@HWW%I EFW'&QEEWW (higher pair) s9Td §1

“A cam is a rotating machine element which gives reciprocating or oscillating motion to
another element known'as follower. The cam and the Jollower have a line contact and constitute q

higher pair.”
hm;@mmwwnﬁmﬁmﬁ%mmmaﬁnﬁwwﬁﬁmm%
3R F = AHMT TR FT 81 HH T ST srde S T w9 @ Fe a1 (Inlet & Outlet
Valve), B9 eI (Printing Machines), faas it (Sewing Machines), MeIsRl, W= iy
(Automatic, Machines), Sfgadi (Clocks) a7f & fran wm 3
foa'6.1 % ©s we o= foara wefvfa 21 wod Fm e
@ A F £ R P @ 991 WA CD, fag C W /D
S FAl 2| FH U FASK H TS T @ F e
fere wreiier & fag F W & foim @ R W % _ (Hindge)
¥ weleR fom ¥ f@am & favs FW I8@ § @ -
femFfasma A M@ o Fna= - 2 \ @777
foma & 1 erma 9, weer qur fom € & (Cam)

RUS R (Roller)




(Different Types of Cam and Cam-Follower Mechanism)
F &1 afiHT7 (classification) P YR ¥ & gwa 2—
(i) fd (shape) & UR |,
(ii) WK (follower) 1 F1&&T (constraint) % MR W, 7
(iii) BTSN A & T 1 (motion) F MR W

(i) ATHIT (Shape) & TR G

SHT & AR W FW 91 TR & & T 21—

(a) 3% =1 fe&F %9 (Radial or Disc Cam) (b) I¥d ¥ (Face Cam), (c) TR &5
(Cylinderical Cam), (d) 951 %% (Wedge Cam)|

(a) Firsar o feem w—ag waR ¥ $9 (radial or disc cam)# fshawr} @a® (working surface)
1 AFR T TEX F A T fF B (follower) B F7 7 S s ¥ Twwy TrEm

(reciprocating motion) a1 Tie fd (oscillation) ¥ Bt 21 THTFR =1 $71 ¢ 95 ¥HR 71 2t 2—
1. 3@ &9 (Circular cam)|

2. ¥ %W (Tangent cam)l
3. 9¥=m Tfd FH (Reciprocating cam)
1. ¥ &9 (Circular cam)—39 THR # $1 95 6.2 (2) 7 (b)d weiia 31 & 3 79 0 & ECcal

HIE 36 THR H A € fF SHH I % G0 F F G0 59 g B 21 98 30 weer R
T T A e SR )

fax 6.2

2. Taff &4 (Tangent cam)—38 0 Ft e facga Wt At & = 1 907 T (circular
curve) Tt B 21 2R o 6.31 79 FHR F1 A SR H gwem M A Lo i e 7 w1 Wl

2l



s g - ;
(a) il sdge) AR (b)‘T‘\'TaT!I. HA FN ThieT UR
(knife edge) W3R
o 6.4. ot 6.5. Tve #m

3. U¥emr iAW (Reciprocating cam)—am fa5 6.4(d) 9 (b)F ATIHA FV1 TvEH 1 FH
Qmﬁmﬁmmnﬁm%ﬁq%mmammm—ﬁmwmm%lmﬂﬁ
% vae et ardear w =+ Bt 2

(b)Uryd W (Face Cam)—38 ¥ & fomw ¥ ¥y (fice) & T @i (groove) et STl €, foraat
il e F FR@ (outline) ¥ F FF Taw FUTEY O 2, 7w I B 6.5 ¥ v D

() SIEHR W (Cylinderical Cam)—39/ ¥R &1 1 5 FoTHR g R e smer =
ah(groove)mmmﬁqu‘élémm%qﬂ%qﬁéﬁaa&a%aﬁqmmaﬁvﬁm
T A e T I w S w21 (FEE.6.6) 1

(d) &% ¥ (Wedge Cam)—38 $5'Q 39 5t 7 wvam (reciprocating) Bt ? 3R 7% =
(wedge) t STHfd 1 o1 A1 BTw I 57 6.7 H Wi

(a) A ATEHTT (wedge shaped)  (b) T SIER Y HIFASR ;
Q¥ET T Weter

fer= 6.6. o= 6.7. A= &y

(ii) FTEIT (Follower) i Fr6aT (Constraint) & 4R W
T IR W 9  TFR F W ghd e—

() &I, Fregat amel (Positively Constrained)—s&H HIRloR TF @R & a1 a9 Sem &
M I A T e

L
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(b) ¥ fregaT a1 (Forced Constrained)—fF8 FRIeR A $1 A =g @A ¥ fog #r
el 5@ S o, T (graving) Sy T S R

(iii) TSR Y <t 1 TRy (Motion) 3 S8R 4T

TH HER W I TR F Q) TH §—

(a) W9 7fd $| (Uniform Motion Cam)

(b) AR qo Hed HW (Uniform Acceleration and Retardation)

(c) & 37ad 7fd 7 (Simple Harmonic Motion Cam)

TF ARE F0 &1 afientor 7 yH R ¥ @ R o1 gwa e—

(a) T HW (Sliding Cam)—39% &% Tihal & 31K Feller, wgm. (reciprocating motion)
@ € fat 6.4 (b) ¥ @ T 0 wF F0 (sliding cam). 21

(b) oi &7 (Rotating Cam)—38 &1 U fafam a7ef (axis) G HAT ® 3R wahR (follower)
T A A e T R A 6.2 F TF ol F9 v
§ 6.3 IS & WA (Classification of Followers

HIAISR HI S0 7 FhR & forar srged 8—

(i) 9= §ag (Surface in Contact) %, 38R R,

(ii) Tfd (Motion) % 3MER W,

(iii) F7 % W& (With Respect'to Cam) T 3@ 31 fafd ¥ 319 W
(i) 99k |ag (Surface in contaét) & TR WX

39 YR W HERR 7 56 & 26 §—

(a) TEN ETEAIST (Knife Edged Follower)—3d &R % HIleR &1 faT 351 &RER Fgiq Joten
m%aﬂ'{ﬁhiﬁm(proﬁle)%mﬁwgl MWWW%,WWW Ty
% fore 1 T Sfaw A6} Rl watua o T A oRadd @ i 21 o wieeR R
SeR]- oSl @ee H SavaSdl gt 21 2 4 6.2 (b))

(b) TR HIEART (Roller Follower)—38 Y& ¥ FleR &1 SR TeR % §9F 811 & S 7 o
& I YA & & FEF FU 97 GRUR EIeR F qor ¥ e 96 9% T T 1 IRV R
21 TN HH F W T, U & fafr frgall w S &1 so A e w0 o 1 3 99 6.3)

(c)mg@m (Flat Faced Follower)—3H Y&R &1 BIaleR UF Il (disc) F SAHR I
a1 21 3T A1 e foF U fog % o 9 W ¥ 1 weler & wg 9o 9@ ¥ o= am w R
S wehar ®1 2f@d fa7 6.2 (a)!

(ii) TfT (motion) & MU W

79 IR T FABR FE TR & o g6 e—

(a) UYSITT TRIERW (Reciprocating Follower)—38 Y&R & HIGHSR TES (guides) ¥ vvam nfi @
eI & SEE o 6.2 (a) B fewmn w4 R
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(b) QYT HTEN3 (Oscillating Follower)—¥8 ¥ % FeaT 1 T % e o 7%’31%
am{ﬂﬂfﬂﬂ@ﬁ?aﬁmﬂtﬁmémmmmamm%tﬁwmmﬁﬁ 6.2 (b) ™
wefifa T &

(i 4 36 T R = Y it fearfr 3 omam W

g YR T FEAR 71 y#6R % 2 g T—

(a) 59 a1 AR W (Central or Radial Followers)—sH FHR ¥ wIeeR F I FH B
@ A T e Y A # s o 6.3 § waRi 2

(b)aﬁm'@? HTEATT (Offset Follower)—38 S&R ¥F wreer F T H F F Y 78T (offset)
Y@ T AN 21 s fo 6.2 (a) H weffa 2

§ 64 %9 9 A TGRT (Nomenclature of Cam)

0 ¥ fafr= 3l & M 91 3= aftwmerd fo 6.8 (a, b) ¥ @™ nﬁ%}mn‘rtsrsa ﬁqﬁtm
T S TR e—

(a) IR g (Base circle)— 7 6.8 (a) 1 3@ 1 WEH @3¢ & weier 4 fag 4 B
fa 7% FW 301 & A1 B A C 7 oo e § Tean &1 C A D 7% FHIRISK = # 3R 1 FT@ 21
D ATH i for & 81 o1 @: O/ A 910 ¥ D 7 Y T Srefeny wieent G 141 g, AThR

g (base circle) FEATET €1 04 F OD H1 0 I H1 YA FEAH He |
fr= = |

Jd

(Fall)
. . D \ | | - |
SR ' N /'/
(Base ciE:?lle) TR F |~ Pt -
HAfgwhan IaM
o3 6.8. (a) &7 = fafa= =Hon ferx 6.8. (b) &9 = W wgfar

(b) I°aTT (Lift) W &t gHiS 34 (rotational axis) & TR & FW & WY & a1t fag
ﬁmﬂﬂ{&mh%-w AT & A= I WIFART 4. IAqT (lift) T )

“It is the maximum travel of the follower from its lowest position to the top most position.”

3™ (lift) =0B — OE =EB = FC
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ST 9 & et R o R w81 u wreiter grr st smftven Prevem Rafy 3
Feura Rufy 7o wreft T Th §1" HrEAeR B IAR (fall) TN I (lift) F TR A

(¢) 33T T (Angle of ascent)— HIANR ¥ 370t yriftsran Freraw feafe & Ierew Rafy 7
TEeR § W R o Tan wvia femes, 33T HioT (angle of rest) FEEATAl ¥ o7 6.8 (a) ¥

ZAOB =0, =331 #0T (angle of ascent) 21
(d) RIS FYUT (Angle of rest)—wTAIIR T A0t Ieeraw Rafa & faon wftad™ # 35 wuy

AT 1 39 W9 ¥ S g YA W4 Sior, s wier (angle of rest) HEemar §11676.8 (a) ¥ 7
ZBOC ¥ wef¥fa fe mn 21

(e) SAT T (Angle of descent)— T st Joeraw frarfer & Frevaw feaferam o & &w g
AT T Sivfta faear (angular dispacement) IAR WIUT wgendar g1 6.8 (a) ¥ @
Z£COD =6, Q wefifa faman T 21

(f) fiam YT (Angle of action) TR & aust feraw feufa & srut fwm aftads & #o
WU AT ¥ AT A S et Y A Y T A FUTH AT 06T ST T et Fearfer & a4 &
o Twa ¥ W GRT YW TEAr Hor, BRAT BT (angle of agtion) FEATET §1 W o 6.8 (a) F
£D0A =0, & weifa frar w1 ?1 T oifaftem $0 WeRA & Fo Feayqyl fagedl w1 97 6.8 (b) ¥
fer@man T %| |

mmﬁmummﬁnﬁqwﬁnﬁm'@?ﬁ%—

(i) |9 A (Uniform velocity)!

(ii) BT mad T (Simple harmoic motion or S.H.M.)I

(iii) 9™ T gfig aram 3™ (Uniform acceleration or deceleration)!

9 B FIASR ' STUE-A T § 9 WA %1 hAW: fa%a (displacement), 37 (velocity)
Td R (acceleration) SYE! HI TEwEdl ¥ 37 H UG T NG ! WerFal § X I Fd HA K
HerT frert o S e o wioia feafi &, FrEleR w1 o s feafa @ v fre @ @
foreaTy /5 T2 feufa ¥ IEF O § RO F WA F fFa GRAMT (magnitude) 21

6.5.1, 9T a7 (Uniform Velocity)

FIASR 1 GHE TR % STd faeTE, 3 T ©RoT 3@ Fl oA 6.9(a) (b) T (c) W SR fm
T 21 58 oM@ W ER (S YEn) g (gl W F T § fRa Afers @, | weftfa ST
21) 1 &u F Fofg forar 1 ferft ¥ 7o Feater T FHA: AR F e, 3 7 o w il
Fdt 2l ‘

e 9 IAR T T AT Y BIESR F A F B foream em@ § fer gdE w1 www W@
efifa F01 S ¥ fareaTe weet Yeh @ @ sed S qe Sar ¥ T Y @ se s el
9 6.9 (a) | 3T 3@ A 6.9 (b) % SER TR U F A I 0 fawn ¥ syafq oS g ad
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5

02 -—efor—— 03 ——+»

cenP o amnscnea-————-—

‘?:E:;;'_
e s i S
[}
'
’
= 1]
,
L
L .
1]
'
3
.(J
L]
Y
o o e

_ (c) =R 3w
fer69. fa= 6.10.

S H A A ford fon A s e M A 9w e 9 T 0 R wreien
w%mawmﬁwmqﬁmwm(inﬁnite)mamlsﬁtmmm%m%w
R ey T T H RN (infinite) 891 =feedl St 6 o 6.9 (c) ¥ weRfa frn T 1 @
mﬁmmﬂﬁ,wﬁﬁéﬂaﬁmﬁwmm@aﬁ%mamafmnmﬁ,mm%
é@%mﬁ,vﬁmaﬁ%ﬁﬁ@‘waﬁmﬁaﬁm@m%@w%mm |
wﬁnmvfrﬁia(ﬁnite)z‘uWMﬁmaﬂ%%mm'm%aﬁ%E,F,G,H@m
T e T ¥, o R 1 o A 31 ) W w3 A W ¥ o & 9 A w e A
9 T3 e w1 2fEd fas 6,10 (2)) FRASR F I o SAR ¥ SOV F A w3W qom o= F A
H%rnﬁmfaa6.10(b)ffﬁ@mmn%u%mﬁtsqﬁuﬁlﬁf%faﬁamaqﬁ@ﬁaam(c)ﬁmhm
W%luﬁ%%qﬁaq@ﬁwwwwﬁlWﬁmﬂfﬁ.\hﬁﬂnmaﬂqﬁémaﬂm
¥ 990 wgd @ T, T TG @ S
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6.5.2. WIS 3a« T (Simple Harmonic Motion)

ﬁaenﬁ@ﬁmﬁﬁKwﬁvﬂanﬁmganmﬁhmw%mﬁ:ﬁ%%ﬁﬁ*
Y MN R &= 3T 91 @ fag L 9 g
31 3fg fag ‘K’ 99 ¥ agEy ivha fa #2 A
K =t fafi= feufedl @ wa fag LR 99 %
FF O’ H N FW AN T FEM FH THR
fog ‘L = 7 W& aed 7fd (S.H.M.) Brfl

(a) Tawma  (Displacement)—H4T
FRISR F1 $o I&H NM =S5 81 NM & =™
THH T g9 @ited) (a7 6.12)1

T et 999, TSR &1 3M Y 81 39
T g K99 % 5 & 919 L KOL =0 &A1
2l

3q: NL=ON -0L

Y=£—§.cose '

ng(l —€os0) ...(1)

Teite (i) Q0¥ = W ¥ ol Ticiler o fae & faf=1 WM st fordl 1 W 21 39 W
e e & faf= wm & fod  foeare ema gften 1 9 @l

farearys e # Gien & fod wte sy gl 78 € 6 wieier F 3o (lift) F s qma
ﬁaew(a)%mwaﬂﬁﬁmw@aﬁq—ﬂﬁ@ TR AR 0-1, 0-2, 0-3, 04, 0-5,
0-6 ¥ faws F@ R |

Hﬁgﬂ%?ﬁﬁ'—@ﬁ@ﬁﬁﬁi‘@@ﬂﬁ%ﬁwi@ﬂmﬁﬁﬂﬂﬁmwm(angleof
~ ascent), fasm® &7 (angle of rest) Td IAR HIWT (angle of descent) T feAaR ifdFa X1 3@ IeaH

107 (0, ) TH FaAR HI01(0 ;) h Ia & g 9 F fawerd FXd 2 few ¥ iy ) e 21 awi 0, e
< 1 T TERAAT FH FHA: 0-1, 1-2, 2-3, 3-4, 4-5, 56 F aeq § 5 7 & Hofg &€ (angular
displacement) ! FEIR & IUH & THA WG 0 ¥ T THER 0, & T R ©: wwR ww
TGS, S—4', 43, 32, -1, I-0,H 9=y & 5 W F e B IO F e vl
¥ 79 YRy gt S gl W o Heafer T gien € S weter i qul fawemg wefda s

¥ YA adad # IR W fagel 1,2, 3,4, 5 &R 6 ¥ 4fw e e ¥ fE SR
FealeR Y@el # w9 a, b, ¢, d, e, fAM [, €, d', ¢, b, o T et &1 56 wER S 39 farga
&1 fIed 50 UF o @i § o foearad (displacement) 3TRE BN U&eT &5h HIeNSR 1 Io4M 956
TEU 9% ISR %1 AR a5k BTl
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7@ @ F T A B F et R i frer ¥ frd st @ frees @ fem S aehd
3) foree am@ # o 613(a) ¥ wehfa frm w2
f

r
5 ="
4/\ d d'
. _ .
. S = Lift g
2 . b
\/ a
1
0. 1 2 3-4 5 6., 6 & 4 3 2 v ¢
e —8, —bie—0,pj¢ o, q
: (b)ﬁmnvﬂu 5

;. STEs
: (Sine curve)

(Sine curve)é

AT T

(Consine curve)

(Consine curve).: 2\6,

(c) T 3
fe= 6.13.

(b) ¥ 3T (Velocity,diagram)—afs el w7 wrelisn 3 37 3 v’ ¥ SRl fear s 7
wlo (i) 1 ST (differentiation) ¥79 ¥ WY FW T

B @—i[ (1- cosO):\ i
dt do dt do dt

- S |
v =-2—. (sinB) .0, ...(ii)

(vmm1=—% st fog K %%ﬂﬁmén)
WW% afgman 3 ¥ fod 0 =90° A 270° B =fEA
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V (maxifium) =Ex“’l (i)

’Jﬁ“‘ﬂ°(ii)ﬂ9=90"ﬂi‘ﬁ?hsin0slmammmmm%mﬂwaﬂmml
% . =270° TAN A sinG =1 TN T IR &5 IAR 5w SHerman A7 A R F

o (ii)ﬁmaﬂmmm(sine-cuwe)ﬁl Wﬂﬁ%‘K’aﬁﬁ"ﬂ”"ﬁ’"“l' #1
R i @ W SRR afwéﬂﬁqaaﬁqmﬁlnm%waﬁﬂvﬁuﬂﬁwmfﬁo 21 of
‘t"mﬁﬁg‘x’mq—ﬂm0ﬁ6wq§-ﬂ%@mwﬁhmwﬁamﬂ,m%,m
wﬁmm:,:e_'@mnsxﬁmmﬁﬁa‘raﬂm%ﬁm 69 0 da® A A YN Ty

() 8

émmiqqamqiwamﬁzzlmm,fwﬁwmﬁnﬁimgamﬁ'ﬁ‘[,’@im‘{ﬂf
Fam| |

Fafere frg K 1 Foa A (o) =~

|

3E: SO § FIENSR &1 Auhan AT

S

Viax =— @)
2

g =

27

Y dax =£(E€2J [ Tel 1, =9-1=%I ] (i)

2 "el ()]
=R YHR FRISR F AR A Afewad A |
V' max g%(%) V)

IS GHlo (v)ﬁ'tl=g3—§l 7E ‘9 ,> SAX AT 2
o

FTEIER . T 9 SAR % o) A e@ #i e 613(b) ¥ waRkfa fEen man 21

() TN ARG (Acceleration dfagram)—' Tt ifer et g8 ag = =W (acceleration),
% 3 UftEdT 3 AU % T T (rate) H FEa § '

1 =T fz'ﬂ:_d_vxﬁ
dt do dt
.. S .
gt (ii) A v =Esm9 X @)
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a7 AR & =] f =%(cosﬁ).m|2

st = F R cos® =18rm e, a1y 6 =00 180° B

i f (max)=%0312
2
¢ 8
fem=3{5)
2
Simax) =%(%‘)) . vi)
S 2
TR, . f'(mn)=?(£) | ... vii)

wHfto (vi) I (vii) SFAY; FIRISR & IIM 9 IAR % G99 Suway @0 $1 9RO <9t
= 3@, o 6.13 (c) ¥ wehia fr T 21 R @ a% Irea@ T (cosine curve) ?

6.5.3. WHTA T&RUT AT WS TR (Uniform Acceleration and Deceliration Motion)
A BIRAISR & FAH ©RW T Ued W ¢ YRl fea W,

™ f=%
T dv =/ dt
T (integration) F W,

V= ft+c (S& ¢, T feemtim 1)
VI ISR e F A sreen & A € @ ¢ =08 ik 3 v o 3 A, e ¢ =0 B
3, v=ft | ...(1)
Wﬂﬁﬁ%,ﬁﬁ v=‘—iJi' |

dt

aq dy =v.dt :

&y = prt (e ()3 v 7 T
WHIHSA (integration) 1 W,

y=ﬁ;+cz
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m%mﬁmoay-——oml

Sﬁ:c2=0@ml
| y_ﬁz_ . ...(ii)

HITH HIeNeR = 1fy T @ A A HeA A 8 W@ R or: 9 amt@ wfto (i) % SFTER T
Bt RFeeT 2 (slope) f BN FIRISR ¥ I & SAR & W & 371 H 37 Y B &,/°%70: I &
Y THE X A g g oY wHA ¥ A1 gr@ M T WER IAR K oft % W 7HAT gfG aqn
TG q% A ™ e

Tfto (i) F STTER fowaTea 1@ Taerd M| I F Y THA (¢, /2) TH-AT Fia q91 318 g9y
(1, /2) % A7 B F HRO Waeld Teh <&l EFNI T TR IAR & Y THI (2, /2) T HUTHS AT
G qA T WA (15 /2) T HUMHF 97 B & HRUT Qe Waord I i .

(a) FreamaT @ (Displacement diagram)—aio (ii) % S1@ ¥fle & wRleR & IeaM 7 AR
T I HEN: 4 TE {; F W RS H B 9 A e O 49 SR T 999 & o= el A
IR FHlo (ii) W TEey foreem & faftr= 7 a8 fh 0 TE W T@ifea (plot) HT& foreame
G W foa1 <1 Gehal @ N e Waerd BT S F Y THA (¢, /2) H Weerd Th AR a9 39
w(:l/Z)mwgﬂwmlsﬁmwﬁaﬁ(g/2)wwq¢:ﬁna¢n(z3/2)3:[
RIAT THA SR H A

3?.’1%'{'01?{Wmmﬁwﬁmwulu)@'@ﬁa"ﬂg(smseconds)%aﬁ IEME & 9T
s ¥ fa2 famgmm smE & 7@ e Ei—

mﬁmﬁmmmwmﬁwwh:%fmz
'@iﬁ%ﬂgﬁmmmwmﬁwqﬁn:%f(z)z
W@%ﬁﬁﬁﬁaﬂaﬂmﬁmmh=%ﬂ3)z
ﬁﬁﬁ%@ﬁmmmmﬁwﬁwﬁ"“ =%(4)2

ﬁﬁéﬁmﬁmmwmﬁm%ys=lfl(5)2

E@mﬁmmmwmﬁwmyr—f(é)

T THR U B 3 79 & ol ﬁﬁmm%ﬁfwmmmwm%@rﬁqﬁaﬁmﬁ@ﬁl
FrAlS & IaR T %ﬂgﬁm%ﬁ@m%ﬁfwmm%&mm%l
ﬁwmaﬂi@6l4(a)ﬁﬁ@mwél
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i
' T 3 71k k
‘A2
Gl 52 4 iT 12 / /
. g g
L 4 1 f f
A )
. le e'
d -'
2 ) o ] . - 4 ¢
2 ; | L4
*oX ¥ o5 ' !
. 3 Zzi a 2
T0123456 78910112 1211'10'9' 8 7/ 6' 5' 4' 3' 2 1' O
6, 7"{‘"—9, :i: 0, — - | b
(a) foreama= 3 (Displacement diagram) '
i\
T )
28w
3
(b) 3T W (Velocity diagram)
A . L
28 284
ot .| e_I
1 2
h : ‘ - 2
2 .
e'_uL_ :

(c) TRUT AR (Acceleration diagram)

o= 6.14.

(b) AT 3 (Velocity diagram)—ed ST foawnr ¥ 3@ 76 wieller ¥ Sem 9o Sam &
T T AL £, T £, €1 SAH S AR F I T FAL: (1) /2)F (1 /2) T A oG 7w 30 T
FI: (£, /2)F (1, /2)F A B WM SUH 9 AR & T 9 & § I =7 |

IR foreror ¥ &l 7 & fF Te (1) ¥ WW MW W @ B

W A @ s (lift) T SR (fall) % R FroemeR dm



ma R, =2 om vmﬁse"“’ .. (i)
o 1

TE HEIR F1 IaR W Afwan an

3q: W ax —2:—(0 | . [(1v)
3 .

3 @ a7 614(b) & Wik fran T 21
(c) TR 3@ (Acceleration diagram)—%&H ‘wre € Cfedt Tifr Tt A% @ W

(acceleration) 3W& & ﬂﬁ'ﬂ?h’ = qag ¥ g o wEa
mmm%m:mmwmmﬁm%mﬁm .
¥ 7 95 T & FF weer Sear ¥ st M £, /2 |wa B W FA | e ¢ IAH W A

a4 2

: =vmax"v0___.vmax
= TN t,12-0 /2
s W AT vy T3 ¢
@ f=2Vmax

| ) '

mmﬁmmgﬁf,ﬁ

25w 91
250 qq =L
Y mex 91 ! ()]
q: f=2X2S0)X(D
leel
. 4Sw®
f= 2 --O(V)
93
450’ (VD)

Tl FHR I ¥F THG HIENSR H @O f = 1
03



| Q;:r‘aﬂ ‘m'& ﬁﬁ (cam proﬁle) 'GFTFIT m'&? ﬁflm (principle of inversion) w :mmﬂw tl
T Mﬁmﬁﬁ%mmwﬁwmmmﬁ%tlwmmﬁ
il ) FeoR TE S R A W ¥ A 9 faodia o ¥ S % wuE R R weher B gEE
o #1 e w0 J forvda feam & wrchion w1 e @ W e goE s A St 6% g W
@ B 21 3@ A & IEY 39 fag ) 9 = faea e g ww fRn s @ # add
rfid & foe W<t 37 29 fagell 1 “ Ry g’ (station point) F8d ¥ 7o ¢ fagsii & o Oy
% (curve) B “fa= T (Pitch curve) F&d ¥ TF SR 29 fag e 0 W B Ry fagall F
F7Eu wEeR H Rl W oA wHd ¥ F RufE ¥ weleR W WE-gR S T SR
(envelope) & ° 'aWIﬁTFI'sT'T (cam profile) FEAm 2 %ﬁmwﬁaﬂfﬂﬁ'ﬂﬁﬂﬂﬁﬂm
3
6.6.1 4w Tred fersr (Cam Profile)

%ﬂﬂwﬁfﬁﬂm?ﬁ%ﬁﬁﬁﬂﬁfﬁmmmw% G?l?ﬂ&mﬂi'{(kmfeedge)ﬁhﬁ
T M HEeR % fod ?1 3fed o 615(a))

__

far= 6.15.

(i) v wreeRr & M ¥ oER e e W #)

(ii) =% tva A @ | IR T F1 WRET (base circle) s ¥

(ifi) o/ we7 ¥ @ 7 F7 ) Fofg 1 N KA (direction) F AR TW W Wi FA ¥ o
Wﬁﬁﬂﬂﬂﬁﬁﬂﬁ?ﬂﬂﬁﬁﬂﬁﬁﬂ‘ﬁﬁwm(clockwme)mm
(anticlockwise) A & &



216 WYY & famr

(i")ma‘“*ﬂ“ﬁaﬁﬁm%ﬁnﬁaﬁmﬁaﬂmgﬂmmzmm(e,),ﬁmm
~(6,) T IR FW (0,) B Ywifd F ¥ A fax 6.15 (b)
(v) WWW(BI)WWW(egaﬁmﬁmqwﬁﬁﬁwrﬁaam%ﬁmﬁ
ﬁl‘@lﬂ; am@ (displacement diagram) # 3™ 07 .(9,) T IR B (0,) F fawfom
- R
(W)Wﬁ?m-mﬁmmﬂﬁwuﬂq—ﬂﬁ?%ﬁﬁw,mﬁﬁﬁmaﬁm
@l Tgn el
(vii) 37 faree i@ W N 1a, 26, 3¢, 4d, e, 61,6 1", 5 ¢, 44, 32y, ra 3
aﬁwmﬁﬁ'wﬁaﬁtmﬁsﬂ%@aﬂm,mmﬁﬁmmmﬁl
(viii) 39 ¥R T H A TH g 3 @ (extended lines) 5 ST fargall # foam WS
mmmaa%qmaﬁm‘maﬁﬁmﬁa(camproﬁle)amuéﬂaﬁﬁaé.w(b)u
ms.l—farm#waﬁmﬁw(knifeedged)mmvﬁrwmh’rﬁw
=t weraer & & o o R i —
0] #T ETAEIR & AE a7 (uniform velocity) & 70° & g & 40 mm 33T
(ii)sﬂa‘amﬁ40°%waa;tsra}mﬂmm%l
(iii)ﬁnsmasgmﬁmmwﬁrﬁm'{a‘ﬁwﬁrwanm%n
(iv) S 3 9 170° 3 yura & wreiien R Rer
_‘QWEI‘WWTHS() mm $137 ¥ 300 r.p.m..NT‘q:qTEﬂ'
STRIEFAT AT AUT T T FAAN
W—l.Wﬁﬂ&M(a)%‘:ﬂiﬂRW%ﬂ(uniformvelocity)
waré fafe & STER S| | |
2.3@%?@1&@%’16.16@)'3&@@W@aﬂwfﬁﬁﬂﬂmwmﬁmﬁl
3. 379 YR ‘GO e &9 (anticlockwise direction) ¥ T g WA o) €1 (TR v |
wﬁﬁ?ﬁﬁwwﬁfﬁﬂé%l)
4.aaquaaﬁwﬁﬁw%ﬁnﬁﬁmzwm(el),ﬁmm(ez)@mm
(0,) FHSTHRTR W SifeFd FT &1 TR F 0T FL 70°, 40° TH 80° ¥
S,stﬁinae]a%ﬁﬁﬁwmaﬁa%mmwﬁﬁﬁmmﬁ%mﬁﬁaﬁﬁﬁ@
e ) @ wmer A fave e T R
6.mﬁﬁm§qﬁvﬁ%wﬁﬁﬁﬁwmﬁ%éﬁﬂmm%nwwmmm,
02, 03, 04, 05, 06 T 06 ,05',04',03',02 01 F) 3MHR T4 | ST H 3R TGN B
7.@mﬁm§mﬁwmmﬁﬁmmmmgﬁﬁm:
la, 2b, 3¢, 4d, Se, 6f A6 ', 5¢, 4d', 3, 2V, '’ 3ifeFa & B
8. 7@ 74 t@iel | W fagaW 0, a, b, ¢, d, e, [, f',€e,d,c,b,a, 0H | e
44 qred ) wa F &1 <fEd 7 6.16 (b)) |

g’ta’rmamﬁm%

¥ ford facemeT 3@ 6.5 (i)
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c / 40mm \ ¢

0 1 2 3 4 5 6 6 5 4 3 22 1 0

AR g« (Base Circle)

fa= 6.16.

T WA §, fF wieler 1 S ¥ axferham A -
Y oax =2‘;—‘°° TRl I (5) =40mm,
1
‘ T0x 7
IME &0 (0,)=70° . 6= 56 =1.22rad.
2N 2r %300
= = =31.4rad/sec.

@ @ 60 60
— _2><40x31.4=2“059 s —_—

v e —
mX 1,22 %1000

Tt FHR FEleR F IaR W Afesman o
, 250

Vimax =3
0
3
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nt x 80

Tg IIR HI0T = =1.396 rad.
: 180
3q: Viax = M =1.8 m/sec I
1.396 x 1000
. 4 Sw?
TR 1 SE W Afesan &0 £, = o7
. 1

) |
PRTLLLLIC)) ST _—

(1.22)% x1000

. 45w’
ISR F AR A Afbhaq &1 [ = o2
‘ 3

_4x40x(31.4)%
(1.396)2 x 1000

IET 6.2—T YRUR T Tt Frafafaa @ter snae e & fae w0 viege Sifea-

(i) &7 &F 120° g & R AT 20 mm FU ST )

(i) T F 60° T TT A forsmry AT B

(iii )&= & 90° U & G ST ST YRS Aaear ¥ AT Arar g

(iv) &7 % 919 THE gAY & A STIITH Fs T STaT §1 8 ot <A SE ey 20 mm W

TA— 1. gaugw 3 99 6.17 (2) % STHER STTH % W 31ad 7 (SHM) F ol faem sme
(§6.5.(1i) ¥ & T fafg & s

6

= 80.95 m/sec? IW

r
max

f i

0 2/3/4/5/ 6 6
! I
m m
n n
0 o'
P p'
q q'
j— 120° P|¢-60° ¢ 90° —»]
(a) Pareamas e
- faw 6.17.
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2. 31 SR 99, 20mm A= F A 53 6.17(b) ¥ a7 &
3. STHR 9 W YA 1 e a9 (anticlockwise) TRz #1

4.meﬁﬁwﬁﬁw%ﬁuﬂam:maﬁm(e,),ﬁmaﬁm(ez)qdm
F0 (04) N IMUR 9 W 3iffa F@ &) A By j
O 120°, 60° T 90° #) N

~
N

S. T W SEH B (0)) T IW B~
(8;) P F: TN W AN A faver w@ o, L
foret ol & e ot o Fofa freme, |
wWo; R Fr m i wmawiay -
ToF B S I N v fean mn @

6. 3 T favs g Folf & v fag 9
TRFTWFF I P AIwER g
@ 01, 02,03, 04, 05, 06, T 06/, 05', 04, 03,
02, 01' = 38R J9 | =X F iR 5@ ¥

7. T TR 3 99 g Eel W R 9w
¥ e sE W oww ofe e
la, 2b, 3c, 4d, Se, 6f T 6 f', 5 ¢, 4d\ 3,2V, I'a 3ifFa =@ ¥

8. 3E T Wl W ﬁﬁ\,’,@ 0,a,b,c,de.f.f',e,d ,c,b,a 0% foamEs & a% 4 9w
FW ¢ N W w I (profile) B E ¥ 6.17 (b)!

STTET 6.3—TFerwlt T it HETTET A T TR HEreR, R 2o w5 e 20 mm &, T &
t, & Pt & weraa R wwr wve (profile) wRR—

(i) hm‘aﬁmaﬁﬁﬂﬁr(s.H.M.)ﬁwﬁ60°ﬂ?mﬁ40mmmtl
(i) T v 30° % YT TS WIET RUT WA §1 |

(iif) AT 90° % T e hTETeR e et Rt & et ferfir v o S )
(iv)&% & 97 quma § wreer i feom e &

W3 A e 45 mm {1 4R 4 200 1. p.m. W OgH T & A S aur SR § Wt
W e 3 AT =ROT AR WA

T—(i) FeNaw FTAoR &k IUH F IAR F W e i F frd e smw fa 6,18 (a) ¥
HIER §6.5.(1i) ¥ & 7 fafy F HER 0 R
(ii) 319 YR 9 F 45 mm 1 AHTH AR T ¥ SNUR 9 R A0 R R sifpa w@ ¥

(iii) ¥ TY=H S ¥ F AT 45 mm F TR F1 AR 10 mm FEH 72 IR 70 3 5
H § ¥ fir= 79 (pitch circle) F T F@ ¥

(iv) 5% @ aum @ #i goE ® G & fawd ol frem 0, 0, w6, W e T w
fomem sifre = ¥

D R p——
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6 f f
5/ e A e’
4 d d
: ¢ ¢’
3»‘ 40 mm
2 b b’
a a’'
1
0 2 3/4/5 6 6Ny 4/ 3/ 2 11
! '
m / m'
n n'
-0 o!
p p'

q
[é——— 600 ———«-30°>t¢ 90° »]
I A & fre st s 10=10 mm
(a) Rrearas 3@ (Displacement diagram)

fa= 6.18.
(v) 319 Foitg foeamed 0, wd 0, 1 foeamm, 3G F oEw w9 9 A fawe W@ 2
(vi) 39 ¥R AR 99 W fawem o e
fafs= Yarel | ouR 99 % F= 9 firee © (Can profile)

a3 @l B e 99 9 SR E-eR
T B |

(vii) 37 =gt ¢ @eh (extended lines)
R 9 99 (pitch circlé) B TR = 3,
fereames oi@ @ Wi, fe # gt 1o,
2b, 3¢, 4d, S_e, 6,6 f',5e,4d',
3,21 g 3ifrd R

(viii) T IFR T 99 ¢ W@ W
wAS: @ fagdl  a,b,c.de, f,
f, e d, b, ad B FF qEH ad
AR & A= F A fafe= g« =T
T B |

(ix) 3 fafr= o< = 3T+ Ww |
Y FTA I T T E S SR g9 R
T AR YA W e, 98 F9 wed (cam
profile) Brmi 2fEd o 6.18 (b) |




F1 a9 FreN3

1. WIENST & I & arfrarm A,

S nw
\% =) ——

W%—— IYE S =40mm
ST B (0,) =60°=1.047 rad

Froie Trrﬁ(m)—an _ 2 %200

=——=——"=20.94 rad/sec
60 60

=1.255 m/sec

. S‘:nm]\ 40%3.14%20.94
vmax =—| — | =

2168, | 2x1.047x1000
T THR FASR % AR N atfermam S
v’ =§ 1‘:2
™ 2|0, |
~v.m=@ 3.14x20.94 x180 BT e
2 90 %1 x 1000

2. WIARK T I ¥ frehaw wwor |
S Frol 4073.14x20947% 1
fmax =N = X
2.9, 2| 1.047 1000

. _ =78.8'5m/sec2
T R AR F AR F srfireme o

. _S[nw]’._ 40[3.14x20.94x1807
f’f’a"_z 0, 2 %90

=135.045 m/sec?

X
1000
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IX

STMEVT 6.4—10 mm = & Ao/ JFHT (roller follower) T Ush WWIT Wf (uniform

velocity) B3 & foru Shm-vitereet @i At &\ & od =ik o 60mmmaam'%aﬁr%q%;a§|ﬁ
maa;ﬁmf:%amm%lh-mmm% mm ¥ HH-yTeR TE Irnh ¥ %
e Y =g gft 50 mm ¥1 4% STATEHT (anticlockwise) e & e § wd Ve s = v

IR 3 317 A oI N |
T—fea 23— 1. 3o (S) =60 mm
2. 3 1 (07)=180°
3, fasm &7 (0 ,) =0°
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4, 3AR 101 (0,)=180°
5. %9 1 A =™ = (50 — 5) mm =45 mm
6. AT &1 =A™ =10mm
39 W & HANYR IR ¥ I ¥ 7 SAR § T GaH 1 6 o forenred o fo 6.19 (2) %
ITER §6.5.(1) H a0 fafy F @R T %uﬁfﬁmaﬁm(ez)ﬂ@m

BA
; e
c// \c' 60 mm

% TR

0 1234566'.5'4"3' 21" 0

|1'——180". - 180° —|
Igra @ & ford, diferst dwFr 60° = 10 mm
(a) Preama st
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7% TEET W qYE (cam profile) 1 ¥ ferl warewor 6.3 % & 7 fufts 1 v Fed $1 3
fd 6.19 (b) |

I 6.5—TF WW%MW(exhaust value) Y Prafsm w03 % frd & arvd
(cam prf:ﬁIE)“@}Wﬁ@ﬁﬁqﬁﬁmﬁm&?m&nww&nm#ﬂﬁtmtl
T T IAR 0T H F e 60° v sroreft quterer wyeft verea ¥ 4w % 200 e e AT &1

SIES ST ITATT 37.5 mm T 67 1 7w 1w 50 mm &) e Gt 0
Wﬁ@m@hﬁmﬁmmtl = S b

T—fen 2, |
1.m®maﬂnﬁmanq@qﬁénmﬁm%l
2. IH HIT (9, ) =60°

3. fasm =1 (0,) =20°

4. IAR FT (0 ;) =60°

5.9 &1 3EH =37.5mm-

6. F1 F AW U =50 mm

7. UK &1 = =20 mm

(i)a'q‘smman%mﬁﬁmmﬁwhqﬁa-éﬂmvﬁr%mmmm

fe 6.20 (a) F AR §6.5(iii) ¥ & fafy® ogar - @ #
F € ..e'

f ;
E \d E.
b D
cdt 37.5mm o 2
O\N
/ B ? \
b
b _la AN
a a
o1 /2 /3 /4 /5 /6 N8 /4 /3 2 /1 /o
£ ¥ o
; n n
o 0
P 5 S P
¢ 60°— —>l¢—20° —Dj¢— 60° 4
(a) foreamas sme '
fa= 6.20.

(if) 379 % 71 = e SOmm ¥ TR I SR T (base circle) F T F1 SR 77
W Yure # fawn smEE (anticlockwise direction) ® 3ifFa wed ¥
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(iii) To% TYSR SR 6 ¥ S4eTE 50 mm & Ve 1 A= 10 mm FSH IR T4 & H5 A
o fr= 9w (pitch circle)a-ﬁﬁ'ﬂﬁﬁl

(iv) T9% @IC SNYR 9 91 S F R ¥ fawta Fofa frere 0,0, W@ 05 F R w
feAER sifed s R |

(v) 37 Foita freare 0, TE 0., F, R sit@ ¥ sEy guar, ¥ faswa HU) 780 T0F H 2
TR 9 fave w3 2 |

(vi) 38 YHR Ve’ I9 | fasaa i =1, fafir Tarell |, snur 99 & &= 4 fdrd ag1 $1 @i
F 9 99 ¥ TR A AR TG D

(vii) 37 9@ g T@3N (extended lines) W &/ T (pitch circle) ¥ eyt 3R, foream= a4
" wra farear ® SR la, 26, 3c, 4d, Se, 6f, 6 f', S, 4d', 3, 2 ra F HfET F@ R

(viii) 39 YR 37 991 g Tl W HHN: Ww gl g, b, ¢, d, e f ', €, d', b, d R
Rwamﬂm%amaﬁéaﬂﬁquﬁaﬁmm%%l

(lx)ﬁﬁquﬁﬁwaﬁmﬁw&fmgana%(cuwe)m%shquaahﬁm
I R e, uﬁhm@roﬁle)mléﬁaﬁﬁaszo(b)l

I2TETTT 6.6-_TTa T2 G& WIS (flat face follower) Tt TIET AT Tfer YT T o fordk &
F TRET T TR H T 30 mm ¥l 7 3} gAaw frear 35 mm § wreer o

Thmﬁ@wﬁ%lum@mﬁwaﬂ%%ﬁﬁh%ww&mmww

,ﬁaﬁrﬁ't:r%i%awqﬁwﬁmwm%l
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w2 —

1.mmmmﬂamaﬁmmmnﬁaﬁmtu
2. WIS 1 I (§) =30 mm
3. %9 B AW B =35 mm

| 4.mﬁﬁmmaﬁvﬁqﬁmw(el)=%w =9Q°

5.m%hm%ﬁ*ﬂm(e3)=%m =90° .

7.hm%mmmaﬁwﬁﬁaﬂwéu
(i) WevTw FRASR F Wt wad 1y ¥ oy SUH T IR W forea sm@ (displacement

diagram) fo% 6.21 (a) % sTm §6.5.(ii) = fafy 3:’ m}mﬁ 4
5 — } > v

4[\ a/ | i

d
b : . ’
2 , . ) 3
al/" ‘ ) : a'
1‘é — 2 00
0 1 2 3 4 5 ¢ 6 5 4 3 2 1 o .
k—w—*—ao“—*—w—ﬂ
@frsr darr 45° = 10 mm

(a) fereama=t sviter (Displacement diagram)
fa 6.21.

(i) 79 SR 79 135 mm F B (radius) FH T §1 3R 79 W/ 0w ) fewn 3ifra F ¥

(iii)mmwﬁaﬁwﬁﬁm%ﬁqﬂaﬁvﬁqﬁwel,ezﬁe 3 MR 94 W
3ifha Frg &) '

(iv) 319 Frvig foreare 0, T 0, 1, foreema 3G ¥ orgew wwmi A favem 3 ) 98 R N
H By R qm ¥ =7 T R

(V) 8 ¥R 3uR 49 W fawaa sl A fafe= taed @ a1 9%
MR 79 ¥ o M AR fa 6.21 (b) F AR w7

(vi) 319 37 9t g8 @3l (extended lines) W 3MUR 99 ¥ WX &t 3R faeeqaq ARG | W g
la, 2b, 3¢, 4d, 5e, 61,6 f',5¢,4d',3c,2b,1'a & ifFa s 2

(vijW R F i w W@ fag#lia, b, ¢, d f [, €, d', ¢,b',a' S UK FH F 2 Sifl‘%»‘
YA fagali w ova T@ (perpendicular lines) R #)

%ﬁaﬁ%émswmaﬁaﬁ
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(ﬁii)sﬁm%@aﬁaﬁaﬁtaﬁafnﬂmﬁmgaﬂww(cuwe)mm%lmammmﬁa
(cam profile) &I .

m6.7—ﬁwah§aﬁmﬁhwmmwahmﬁqmﬁtaﬁt@
gTEW (knife edged) TIENT Y, SreTal €1 ,

(2) W &1 TR AFA@=30mm  (b) HEASR H I (lift) = 35 mm (c) ¥ &1 I
m(e,)=60°_(d)hmﬁmm(ez)ﬂowe)hmmaﬁw(93)=60°|

IATT (ascent) H Grerer §QF a7 gig aar Q'I'IETH‘ (uniform acceleration and deceleration)
B TF AT § T SAH T arad Tt (S.H.M.) & Tifer e 13w 200 e wie R g W@

f'

7 3

4A A/ d'
4

3 | L2 35 imm c’
B b’

2 / | o
1 /: \ :
2l 1l

0‘123456. 6 5 4 3 0
e 6, Sle— 0, —>i¢ 6, >
ffas 9 60° = 10 mm
(a) fereaTa 3m@ (Displacement diagram)
fa= 6.22.
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m—l.mmﬁﬁﬁwmménqmmanm§6.5(iii)ﬁan§m%amm
¥ TR SRE W aed 1y §6.5.(ii) ¥ & i fufr A Forx 6.22 (a) % srER T ¥

2. 9% TN F9 e (profile) e saTeevii ¥ aam wreew (knife edged follower) % fa &
ngﬁhmmmﬁacs.zz(b)%awm%‘u '
\ X fi

-——— - - ———

(b) %W ured (Profile)
R 6.22.

ms.s—ﬁmwrﬁwmzommtuwah%ﬁwmt-
(i) %@ (lift) = 40 mm,

(i) I T (angle of ascent) =.60°,"

(iii) frsme =ror' (angle of rest) = 60°,

(iv) WA 0T (angle of fall) = 90°,

(v) foRam o (angle of action) = 150°

&7 Fn g aredenTE 30 mm TN SE AR e 3 o vt & e w8 fr v s
W R — - | -
1. gt & f w @ A H =W =20mm

2. 99 F = 5 =30mm

3. ST I (lift) = 40mm

4. TR F I g IR A 7 = WA e T (SHM)

3. I H (9, ) =60°

6. fasmr % (0,) =60°
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7. 96 A AR HI9 (0 4) =90°

8. fsFan #o (0,) =150°

(i) G HTESR ¥ UM (rise) T AW (fall) ¥ wT@ ad 7fa & o forer ARG §6.5 (ii)
A T fafy ¥ oER wR ¥ frear amw o faw 6.23 (a) A frarn T

6 f r
S5~ P &

3 g 40 mm c.

) b . . b'
0 1 2 3 4 5 8 6 5 4 3 22 1 0
le— 8, —dle— 0 —pi¢ 0, |
&ferar damaT 60° =10 mm

(a) Pereema= aM@ (Displacement diagram)
fo= 6:23.

(i) T9% TeaT 30 mm =N ¥ SERF (base circle) T
(iii)w%ana‘O’ﬁwﬁaﬂaﬂﬁﬁwﬁﬂm%adwnmmmahhmﬁaqam%u
(iv)mm‘aﬂwqaaﬁ.gqﬁﬁﬁm%ﬁwﬁaaﬁvﬁaﬁwmel,ezﬁma»‘lﬁﬁrqam
fogER sifFa F 2 | 4wy e
(v) 3@ @rig frEga 0, @ 05 @, {Can praiie)
foreaTqe oT@ ¥ STTEY guwnl ¥ fawed
¥ & o B T AT A v e T
(vi) T8 T Qe g9 R fawa i oH,
fafir=t Tamali @, YR 39 F g 4 e 2
Fo =7 TEel 1 g 99 A AR A A TGH 8
#

(vii) 3 9 T2 @3N (extended lines)
wfag g9 (pitch circle) ¥ a&X & AR,
e ol @ W, fawgew @t gRE
la, 2b, 3c, 4d, Se, 61,6 f',5¢, 4d',
¥, 2b, Ia ® fET w2 |

(viii) 39 FhR 7 9-g8 @l W HA:
o fagell a, b,c,dye, f, [, €, d,
¢, b, @ F 5 AEH 79 YR . eI
F A fafe= g B TN FQ-R
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(ix) ¥ fafv= 3o = or=x A TOF ¥ Tawl A GO W (curve) T & I A9 7 F AR S
¥ W frem, uﬂ%nm(proﬁle)ﬁmnmﬁﬁsm(b)n

TR 6.9—TF &F = Wowger Wit W R AfwHHE At (knife edged offset
follower) &Y FIeT Y&R SrerawT wHdt §—

(a) ¥ ¥ 60° gATE H I WTHT F 3T TRy wwar 4

(b) 30° & guTE X Wi fasmaraear ® war §

(c) ¥ & 90° guTE & O AT 3T = A wwwn #)

(d) T §Y 180° Yurar F RAT Rarsmr svaean # e k1

3T W AT (stroke) 30 mm ¥; W H gAAW U W P 50 mm &1 et gt
JraaTdl W WO AEd N (S.H. M. )ﬁmﬁmhmﬁma\‘mﬁzls mm ¥ 79 & v
fevm (anticlockwise direction) o gudt ¥
- oE—1. mwwamﬁmmwﬁ(snm%sﬁai«fmmaqﬂuwsm)ﬁav‘
fafa % srgam wier ¥ WA fax 6.24 (a) |

. 6 f r

5, — N
AN d I ;

3 Y 30 mm c'
_ b l b'

2% ;
a
1
0 1 2. 345 & 6 5 4 3 22 1 0
e 60° He— 30" p——— 80—
dforr T 15° = 10 mm
(a) farama ant@ (Displacement diagram)

fax 6.24.

2. 3% TTER. S0 mm e |} R W (base circle) a1 &1 SMUR g9 W & T frm amEd
(anticlockwise) 3&f¥fa &a R

3. 9/ SUR.GE H YA HI few F fawdia, R g9 W FwH@: 0,,0,, 0, B sifEa F@ &

4. 3, %101 (0,) T IR F0T (0,) ¥ A TIF H YR g9 W 2: 9 B favad w1 ¥

qua%%amﬂm#ﬁﬁnﬁmlsﬁthﬂaﬁmwwmqaaﬁm
LIch 1

6. 979 SR W W W faf et 0,1,2,3, 4,5, 6,6, 5,4, ¥, 2. 1. 02 Yerd 78 WEw
wtea € fo @ waw: mﬁﬁﬂﬁmuﬂmmﬁmmﬁm%mmaﬁmmqwm
m’faﬂtﬁaszub)ﬁmmmtn




7. 3% e T Taiel T MER g9 | A SR fawar 3R 1a, 2b, 3¢, 4d, Se, 61,6 S,
Se,4d, 3,2, Va 3T FW B |
8. 37 95t @l W wa fag3iia,b, ¢, d, e, £, [, e, d,c,b,ad, 0H e g
T St 5 wed (profile) B .
| Wmo—ﬁwﬁaﬁ#mﬁwhmmmmﬁaﬁﬁi@ﬂmmﬂ
‘ wrﬁ%aﬂtmﬁa«a}maﬂm%mmﬁmmﬁﬂmmmﬁiﬁtl
(a) VR T €T = 20 mm
(b) &% ¥ %%} BER A A g =90 mm
(c) TIESR firt A AeR &% & WIEHSR Y &t gt =75 mm
(d)h%mwmwmﬁa&ﬁWﬂOmm
(&) TeaT ¥ & T AT = 80° o
(f) fasma & 5w &1 gamE = 50°
(g) a1 & &w &1 guta =100°
(h) TSR i AT T I T IaW | R @ gaE =20°
W—I.Wmmmﬁaw%zmgqﬁﬁﬁwﬁﬁzmmﬂamaﬁaﬁrﬁmm%l

DD’ %} e =75x[%%xn:| mm =2618mm
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fa3 6.25 (a) ¥ FTER DD' # wvard

=75x5i020°=75x0.342 =25.65 mm q
mmaﬁémﬂmmwﬁmmmm 0

T 1C
Y F TR W I TG ¥ o HIRSR A H I | hudig
5 ' D'
25.65mm TAH W& 3ad M F 7Y frearm oM@ ( o 6.25(a).
) i 6.25 (b))
6 f r
5/ e e’ )
4 d I ' d"
3» ; 40 mm .
) b l b’
1 > ] » <
0 V2/3/4/576 & 57473727 17)0

l , :
m 3 ' |
n

0
p

p'

q ;

—— o, — e Ty
(b) Rreaa= 3 (Displacement diagram)

fa= 6.25.

2. T9% TEEN BIAISR 1 M 25.65 mm S SEF T IAR H TRt o TR fere farearad
IE T B

3. 3@ fodlt forg ‘O g THET 30 mm e F anuREE W W= wW Y

4.314%3&‘0’%&'“3’(wmﬁmﬁﬂm%a@maﬁWMm!}ﬁmﬁ(pitch
circle) ®t T/ &l '

5.3 ‘0% W 9 F FH W B F i R g0 90mm F v A w o 9w =
A 8 IR T 7 T I w@m

6. ¥ vveq fr9 9 (pitch circle) W R g N 91 % Wt 9o FIOHeR F G F o
75m%waéamﬁm@mmﬂ%ﬁmﬁﬁmﬁqaaﬁmwmélKlmem%m
TWF Fg 0 H fem &

7.3 K0 e ¥ Y& F6 FA F I Fi fa e ¥ e o0 ,) =800, fasm wior
(8,)=50° w& IaR H0 (6 5)=100° T & |

8. 3% U¥EI S VT () TS A T (0, )l Ia4 & W & favisa o ¥ v o Freerm
i § favag fea T 31 9E T RS W B 9§ W



232 WA % fa

9, E‘Gﬁ?ﬂﬁ ﬁF‘ a; W W WS fHW m A K|,a|,b|,cl,d|,el,_f| Qd
11, ey, dy, ¢, by, a), K'y B FF WEE a9 75 mm F Adsar 9 fra g9 (pitch circle) ®
T AR EN R I RNF0,1,2,3,4,5,6,6,5,4,3,2, I RFR R

e, d,

C, tﬂ' m fas
(Cam profile)

-
-
-
-
-
-~
-~

-

-
-
-
-
-
-
-

(c) ¥w urvd fax
fa=x 6.25.

10. 579 34 S foe 9w @, e e@ | W< 3RA la, 2b, 3¢, 4d, Se, 6, 6 f', 5 ¢,
4d, 3¢, 2 bl a B sifE R

11. 39% g¥ 39 = R W< fagell v a,b,c,dse, f, [ €, d, ¢, b, a' 10 mm =™
F AFtAeR-Fd A9 T

1z.sqfrazqﬁaﬁwﬁmmgan%qm(pmﬁle)méﬁrmqaaﬁﬁaﬂuﬁ
= faerm <fEd =9 625(c) |

FETECOT 6.11—HTEArSTT F YT (Oscillating) T 3 fory e 4 viroerger armed foverss g o
atwd o w §- -

(i) &7 % TR 90° YA 3 RAY WET AT W 3 20° @ FHivit Rreare e §

(ii) & % IrTer 45° U & ferg wreert fre AT ¥ |
(iii)awa:m7s°wtmmmwm(wm)ﬁmmt
qr, |
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(iv) % % VW GUTE & frg wretere e T &
firae % TAT T FK & wey 7() mm &t F& & T Ae =@ 20 mm §) & =g frea
reivart AR Rt 3 anpe &1 fdve @ Ry, 4w ) o ote & 60 mm AT 70 mm

mﬁtumﬁimmmmamhﬁmmtmmmm@mﬁnﬁrmm
w—e I ¥, I wehen #1 wioft @

=200 20X =2 rad, A ¥
180 9
) warfufa } 70xn L A
fad 6.26 (a) » 19 A4, = T = =245mm. - €Y L AN 2.
—==70 mm——»
mma@?ﬁa%mzwﬁmﬂzaﬁmﬁmmzﬁ .26
m#mmmm‘%lwwﬁfa@mmmﬁ%fm, '
mm%mﬁiﬁarmzaﬂmﬂuhu.mm%mmw

¥ Bl
Fiifh FEASR IS F T9T SHM 91 a0
forear e@ f 6.26 (b) % WK TR SN

—— 8, —je— 0, —pe—— 6,

TF T @A WS QU wa ¢ o shen

—Pl— 0,
Outward - Dwell Return Dwell
o Ed
dl\ d E J
b oy LD KINL 245m
b b'lc , M
\/ a'[B :
a )
S T P _L
A0 1 2734 56 01 2 3 4 5 ¢ i
k—QO"—«bk—45°—bk—75°+ 160——|
o 6.26 (b)

W F1 e T 6,29 () ¥ AR Pt v F w A
. §E &% % FX ¥ 60mm TR 9 70mm T fag 4, T ¥
2. MF HAST 1 F5 A 791 fide H5 4, ¥ 7w 70mm % gf T T K 1 = 20mm 2,
W AF 5 e oo 10mm TR g W we
3. 99 %1 =Aqn sfeard (3@ I 6.26 (c)) =60 —10 =50 min
WEH ga frage F e = 30 F T e + Aer F) e
=50+10=60mm
4. 59 7§ Tererw A Ay w0 SeEe AR A R



234 T ¥ fagrem

( ETT AT FHT WA )

(Oscillating roller follower) g

. - 70mm
e (Pivot) AT (Roller)
Aq 20° - (
£
ez gw E e g
; : (Pivot circle)
(Pivot circle) 1 2 Ll s0mm
60°
4 O 606\6\
2 —~ IR gd
5 75 (Base circle)
6 45
" .
5 o
4 5
0 Wrege o/ .. ., 3 5'
1" 2 L
(Cam Profile) 5 .
S JLE 4
fraam . 3 A 3
(Pitch Curve) o 1
RT6.26 (c)

IETET 6.12—Th W WwIEe a2, T I LT IAR | AN WA AEEFATSH T et
B wEtua Afw P wer -

(i) 31.4 mm I3 F foTg H0-180° gwar §)

(ii) W T 150° ¥ FoH g Rl § aw wmaw )

(iii) ¥ 30° gua & ford wreirew feor @A &

hwqﬂwwmmmmmﬁmwmlomm%lwmaﬁm HY g A
3787 & Tl AR 10 mm ATHAZ (Offset) T

m—aa‘srwﬁ:ﬁnﬁmaﬁmﬁﬁawna)%mﬁw@ﬁmaﬁ@aﬂﬁ%—

1. HeSeT TG ASP 1 3faa 491 AR T0 WHR G € 56 A4S =180°, SN =150° 7 NP <10°
%1 yefifa 1 2 |

2. AS 991 SN & FE T (A1 6) A favsa s &)

3. fagedr 1,2, 3... ot | Freaer Y@ wiwd € et Srameal wieon % @i st 314 mm ¥
Eracedauil

4, o@ fag G 9w 99 @i=d € fowa foren
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v
RARE L]
3
T . V 1H\J J
E D Fa \AK
: SN
™ N
I : BN
AN 23 45 6 1 2 3 4 5§
< 180° < 150° 30
] R ATHT Frr— 03F:
Qe O sy —
ﬁiﬁl’ﬁ.27(a)
r=iﬂ;~=3l—'4=5rmn'ﬁﬁ"ﬁ
2 2n
5.39 99 W1 6 T W A fasag oy
%Hmsqﬁﬁerﬁﬁ ﬁﬁﬁi’@ﬁ@ﬂﬁ %T’ﬁ Eerfollower)
FER AW F a5 o', G 991 b T fiyerdt
2
6. AG 30 GN #' faem #) fag o' @
AG 9% GN % 99FR @ g ¥

L2,4dM S REOg B, C, Ldm M W
FE 8 T NP H Y N AR e
g € S St YEreh 40 5,0 9 2
E,F, Haa J W st 2

1.79% 4,B,C, ..., M, N 9\
9 (Smooth Curve) ¥ fie 21 78t a1
foem s 2y

AeRe gw
(Offset circle)

b W WETEe far
8. 3@ qd IIRAW 6.7 # wifa 39 HA (Cam profile) (Prime Ei::ie)
F MBI 1 6.27 (b) F AR @ F@ o 6.27 (b)
2 ,
2. EleR fRat weR & BR &7 fa wfe 9ok s (UP 2010, 16)

8. fafi= yari % i (cams) 1 aviA wa H #ifwg) (UP 2015)
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10.
11.
12.
13.
14.

15.

16.
17

18.

e & fasr

TSR & G ¥ ATAR FH (cams) T T FHifSQ (UP 20186)
+u9 q grafya i gt 927 (Technical Terms) ! gyAEA— (UP 2003)
(i) 3R F§ i

(11) I3[ (lift)

(iii) 33F HUT (angle of ascent)

(iv) fasm 7 (angle of rest)

(v) STR H9T (angle of descent)

(vi) fa1 | (angle of action)

FNF Iy ¥ A @ @ ooftafim SiR—

() MR (Base circle)l (9) ff=39 (Pitch circle)! (¥) TE HW (Pressure angle)!

(%) 3mR F WIF (Stroke of follower)! (I) A WfFe (Dwell“period)!

frefafad F9 (cams) ) FHAET— (UP 2012)
(i) 3 ¥ (wedge cam) (ii) f&&F ¥| (Disc cam) (iii) J@HHR_#9 (Cylindrical cam)

T N WA ¥ @ A A cam F H1E F S S| &= FHR F cam FASR I3 T #
e S| (UP 2018)
F1 wrEer ® T F qw W T Refd F SgER Tfiea FEw (UP 2014)
fafeafs FTEASR (offset follower) @ U &1 TIead 27 faz dfeq sl

d R ¥ 9w wele ¥ e @i e |

team @ feew 9 % W@ wm Ay TR falE S & e FA-8 8

gRuR (knife-edged) STTH F WM IR (roller) T F w&e fFar S 22
tsra“rmaﬁﬁﬂﬂf‘aﬁfahm@lﬁmﬁmw%mamﬁﬁwanﬁﬁmm
1 oSE WE FA wE_foema s st Eifaa—

(@) gaA an 7fd (Uniform Velocity Motion)|

(i) gTa e Tfal (Simple Harmonic Motion)!

(iii) TAA @@ d A<H (Uniform Acceleration and Deacceleration)!

fshahl (Radialordisc)ama?'{’lﬂ'( W%WWW,%MWWWW*‘

fafey =1 Aot FfQ g TR S (upward) T S8t (downward), SHM ¥ e wwg=1 @@
(UP 2013)

h%mmmﬁmmml

S reieR fawen W H W (UP 2014)
T 9 IR FrE3R (knife edged follower) # WA A7 (uniform velcoity) ¥ T Fat # =

AFe gergar @ 1 F1 9d 99 (cam profile) e —
G) 9 & 110° gAME ¥ HEASN 30mm FR I B
(ii)amﬁsméam%wffmmﬁmﬁmg.
(iii)%ﬂaﬁsmgqraffmmm‘[dﬁmﬁrmwmﬁy

Gv) A F T sferd 35mm B



19.

20.

21.

22,

23.

- 24.

25.

¥ am s 237

T TR WK FHR @ F ed g @ w orad & sawan ¥ Prefafaa @@ & R
F WeEa wifan—

@) ¥ B WA BN = 50mm.

(i) 99 T IR F = 90° WA,

(iii) fa5m™ H1 (Dwell angle) = 90° WAF
(iv) NS F A =30 mm,
m#mwﬁﬁa@ﬁmﬁwﬁmmmmmmﬂmtﬁmﬁfm%—
@) ¥ F 180° TH W am WF W ftman Rrea 18mm |

(i) ¥ F I 160° T W A ®, sk

(i) &9 ¥ TH 30° TR w fyam

ST F A B MR F A9 A R WA W W = @ A5 mm
mhwmﬁa@ﬁﬁmﬂmmmmzommtlmmm%—
IEM =40mm, IAH W (9,) =60° fa5m Fror (9,) = 60", AW HOT (8;) =90°I
hmwmmmmﬁamaﬁmﬁmﬁﬁ[ﬂ@%l‘Wﬂtﬂﬁﬂﬁwéﬂﬁﬂ(S.H.M.)‘%I
T Meaw FEafen wie By wEieR 1 S@H (ift) 30mmdl $9 ¥ 180° §HE W IAF TS ATd
A B 1 3P T 30° 7 A (dwell) T AT, o T anad Ry @ 120° 7 Bt 21 9 30°

am'&mﬁa'tf'q'mmﬁm%n%ﬂaﬁ'mmﬁwmmilﬁmmm@ﬁm%nmw
e

m@mmﬁﬁwm%mhmm—' ~ (UP 2001, 05)
(a) 39 % 90° TR W F0 fTR\=40mm, T T Ed M A WA @ D

(b) s 30° Yol ¥ S fasm e

(c) 3 60° YUl W HW TR [ st ¥ WA omed M Qo T D)

(d) % % 35 qoi7 e FW R faam s wh AW F AR I T AL 40mm § 7 7w
240 rpm RATREY W ¥ ' '

TR F AETH M dW SO F T F W@ qE FW A aw A a2
[S¥R—100478m /s,50481m /s%,15072m /s,1135826 m /s?] ’

frdt AR weler 1 ewfafaa qwmell ¥ ufd 3 F fow W w1 o fay E@ifE—

(i) e FRASR gvam i a2l

(ii)-relie F Teqm, fasm™ 9 SO ¥ W ¥ A FAM: 60°,30° W 90° &

@iy R & =9 20mm 2 ;

(iv) 3 ¥ FESR GUF A7 3R IR ¥ WA oEd 1 Qi w3

(v) 9 H AaH A¥AH 40mm R -

(vi) FIABR & 3UHE 35mm B

T fed gu sl & A e Feer H e F0 F ol 9 tema St ween @ aed
Mg § S| ISA ¢ a9 A H WE R T T g ¥ M wea 2—

() ¥4 F ~Aam e =50mm
(ii) FedE H0T (9)) =48°

)
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26.

27,

28.

29.

Wﬁa‘fé;mm

(i) sy oy ©,) = 420
(IV) IR H-ﬁ'm (63) =60°

V) rettan N I3[ =40mm

W $y hawmmmm%ﬁﬁ{ﬂ%mm%l

¥ 4w :;“ :‘:ﬁm“‘“ (knife edged follower) # Tt s 7R (8. H.M.) ¥ Tt #h A7 Pt sy
o dif—

@ ¥} ¥ 1100

() ¥ ¥ ay

(il)) ¥ ¥ ggo

) %% = . A= 40 mm 8

mﬁmmzommmmmtn
60°%mﬁ'wﬁmﬁmﬁm%l

T Aw A R

(profile) W forerds Z1 U 3z FFH 30 mm @ v 7R A B
R EACR RO I —

20mm%l%ﬂ%§wﬁéﬁzmm%,mm%mﬁﬁm
mﬁamm%wﬁmmﬁrﬁ%aﬁm%n

%wé:mmﬁﬁmmmm%l%ﬁzaﬁmﬁ%@m%qaﬁMm%m%ﬁmﬁ{ﬁ15mmt|
hmmﬁwﬁmﬂwﬁw%l

Whﬁmﬁ,ﬁwwﬁwmmmﬁﬁwmmmi—

(UP 2002)
(a)%w%mmgmaé:ﬁmamamaﬁmsommqﬁm%n

(b) ¥8 ¥ 30° gam W TR fasm o ¥ wa 2

(c) %4 % 90° qum % AW s o s fefr ¥ afrg o S |
(d)h%%wwwﬁﬁmﬁm%u :

ém%amnqamw{a?mmm%mm%amm%mm%,ﬁmﬁmﬁnﬁm
e MA@ HM.) @ €ft 21 Fw avwad e ¥ o

@Wﬂ@mmaﬁﬁﬂﬁmﬁﬁmﬂﬁﬂﬁﬂﬁmﬁ%fﬁaﬁmmwﬁﬁﬁm—
(). F FAa ALFE 30mm R

(if) BT &1 IAH HFA 90° F YA ¥ a2

(i) 3@ 30° A ¥ welen fasm ¥ ww -

Gv) 3% o€ 80° F YA A WRR I T smen ¥ v ww

v) &9 F 9 gEE ¥ wEien fR fer s ¥ wa

(vi) IeER ®1 @M (lift) 40 mm -

fre SAfFSl F GeEd ¥ UF &R (knife edged) TSR ¥ ol ¢ &1 ured (profile) SEA—

G & ¥ 60° % TUE % fed HRAIS F W WF (out stroke) B B
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32.

1 A FAS 239
(i) ¥ F 3 30° Y@ A wEaR fasm sraom & wm 2

(iil) THH TEI 60° TN N BT TR RWYF (return stroke) g &

(iv)mézlm%q%mﬁmmﬁmﬁmﬁmﬁm&

FANR F TF 20mm & N B =T ST 50 mm 3 FEANN H A9 F7 F A¥ A 20 mm
fafeafd (offset) ¥ #1 wredlom wam am (un

iform velocity) ¥ a1 &Y% (out stroke) W ATTeh LA
(return stroke) ¥ nfy = ¥

&% % N o A e s smen ¥
rmtu%qm‘n'ﬁ?meﬁmm25mmammm%ﬂmmmmzommtuhmmmzsmm
mmwﬁwaﬁm%ﬂﬁwﬁmmmhﬁﬁvﬂunﬁ 100 =cHofto #1 o ¥ I3
qﬂmﬁaﬁmnﬁamvﬂmaﬁﬁﬁl

[St—3915mm /s, 7852mm /s,6134m /8% 2467 m /g2

ﬁqaﬁa:@faﬁmm#@a‘rt‘aa (oscinating)émaﬁnﬁmarﬁam%qaﬁmﬁiﬁm (cam
profile) Eifed—

(i) ST F FE =40mm
(ii)amtéﬁ'ﬁwehanmﬁ{ﬂﬂmmm
(ﬁi)méﬁﬁém%rammmgmaﬁmﬁﬂmm
(iv)iﬂTﬂ'{UT(ascent)'a-‘:mﬂih%%ﬁﬁmm%&'ﬁqf}:mmm
) mm%ammﬁ%qmawwaﬁmﬁm
(ﬁ)hmmwmmmmmfwﬁﬁm%ﬂw
(m)mm%mwﬁ%qmmwmﬂm

(vii) TRV TH areirew ¥ e w%ammm=15°,_mammaﬂwmwﬁi
B




g

(Balancing)
» Concept of balancing
* |Introduction to balancing of rotating masses (simple numericals)
§ 7.1 YR= (Introduction) : S e G, e RO

m‘ﬂmﬁam%ﬁ(pans)mm W&@f@mﬁm% ﬁ%tmﬁmn‘
T it QY 7FR F B ¥ R S T (rotating parts) Td 9=m TR (reciprocating parts) FE #)
FEEA T N -9, I wfedn (fly wheel), 9 3 ¥ 2tam@q H A2 (rotor) T TR Ty
¥ TR (impeller) 3T YHiS I B4 2 Sefer v=m nfq 0. a9 o § fie, firea e, a#a%g
T wE ¥

A 9t R @ faA 9o W 9fR I@eA (power development) 1 ‘\’Tﬁﬁ =0 (power
transmission) & w3 fafsr=r oftamn & @ fiFn FW € T T ¥ WS wE TE 9ga faw Tl w
Fd FW T 310 T A 1 9 R ot atfere A fafe= fead v 1A o & gO w9 4 I
F F T2 7 oravas @ 6 37 W Tw */f o A @ @ fgent 59wt § sravasa 7 @ an
St R A gl e A @

W 9% @1 T @ R o g8 (rotating) 3R wvE TfA (reciprocating motion) Y §E AT A
FTF (vibrations) T €1 AfE A NS H1 o F THIS F5 W T&l & O % W A @ ),
ST YO 91 3T H WEN ML R O AfiEa a6 o @ el w9 & % el Ha enfz ¥ A Fom
ST § 3R A9E F =ier ¥ 91, F a0 <2-e e o i 81 39 SR v e e @
I 3T W g Tl T SRl TS Gfeid sl (unbalanced force or shaking force) w1 &l ¢l

uﬁm%mwﬁm@aﬁmmwﬁ@aﬁﬁﬁ@mﬁfmmmmmm
S "R @t Aa 991 SRR e H ofEifed HEA I Ham

7.1.1 mﬁﬁ?mmmmﬁ ATAITHAT
(Effect.of Unbalancing and Need of Balancing)

mmﬁ%fmqﬁg&mmﬂﬁmﬂ%mmwﬁmmﬂﬁﬁm%mim
Iura £ 3 AT % Pt gerre B {—
1. HHA % HRUT TYH & =T R AR (noise), 37N &1 Fa &1 (loosening), faftaa forar ad
Z2-%Z (Wear & Tear) et /1 .
2. FIAI % FRO S g (energy loss) B 21

3. mﬁﬁtaﬁ%m%msﬁmﬁamg&ﬁ feafa, mﬁ-—l%ﬁmm‘vﬁaaﬁﬁaﬁﬁﬁ
Hfad 3T B
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4.mﬁ%mmaﬁmamwﬁm'm%t

S.ﬂlﬁﬁlWﬁ%?ﬁﬁﬁ(Pointers)wﬁ%mﬁ?mmmmwml

mwﬁﬁmmammm%mmaﬁmmtlﬁéﬁm
ﬁqﬁmﬁﬁ?ﬁ%mmhm%mwﬁm.mwﬁ@mmmwmmﬁﬁ
mﬁummﬁm“ﬁ@ﬁﬁﬁﬁmmﬁwmﬁm,m:aﬁﬁwﬁmaﬁfawwﬁﬁ
F9 FA W TGS T s R )

7.1.2 m 9T nfaa VAT (Static & Dynamic Balancing)

af 3 A frvg Rerw qym F Rt o Rufr & 1y Tr # ¥ @ frog wfr e
(statically balanced) ffﬂn‘l'wr%tr;q mﬁmﬁwmﬁmwmm -
Y (axis of rotation) TT Igar & s AT o

“If a rotating bof_i)’,\_l:n Static state remains in equilibrium in any condition, then the body is

te, for all conditions of the body, its centre of gravity lies

‘m’aﬁm‘gawnaﬁia%qu%nmmmﬁan(momennm)ﬁariﬂémﬁmﬁrm%,a
mmﬁsﬁﬁwﬁﬁmmaﬂ%ﬁﬁmmmaﬁmﬁmﬁaﬁm(w%mm
fE 7. (b)ﬂﬁf‘wﬁrﬁmlmmm, FTgeTd w2 F A T A F o i 7.1 (a) R

o 7.1

7 gR fax 7,2(b)ﬁma€t,mﬁﬁan(mmentum)%wm@%m 3R wow feafa % v S
mﬁr&mmﬁfmmaﬁmml%mzﬁﬁwﬁﬁaﬁm,ﬁrﬁau(b)ﬁmﬁhﬁnﬁ,ﬁ
ﬁﬁﬁl:ﬂﬂﬂﬁﬁmﬁuﬁﬁﬁmﬁaﬁwaﬁﬁwmﬁmaﬁﬁmmﬁm-
Fergam #f, SiF atea 7 2 St gfe Q, W D A v Rl § i W w5 Gy }
(mV =0) ¥ &30, &% 9 =fed




242 YA & fag=

79 afifa Foia R @) 78R 23 % frd 78 onavas & 5 s s
TS ¥ ¥HaS (axial and rotational plane) ¥ T gfera qa1d 1 A (m )
TH NER T TR e ueme w5 A % wH Se g 5l (F)
ﬁﬂﬂ%ﬁw%mWWHﬁ(%)mmwéml
(fEd a3 7.3)

Fe =Fc,

2
"1(1)27' =mg® rp

mr=mg rg -

AT T g T mQﬁmBﬂrﬁ%Egﬁ?W%IWmﬁWm w35 feafa A o
mﬁﬁmﬁﬂ(momenmm)ﬁmlﬁﬁﬁﬁﬁaﬂ%m%w%ﬁ;”mw%
WWWW(FC)@FWW%WWWWFCB%WW
st o v @ |

(ii) st WgAT (Dynamic balancing)—fas ¥qem *1_aad Rt i oagg ¥ ot g
T § Wer F W €, avgf o B a9 ergae YHIS T (rotational motion) %% @1 71, A 39
mwﬁaﬁwﬁﬁmmﬁal‘_mmﬁﬁamﬁﬁwmw%—'

1.%3%@%mmmaﬁmmﬁﬂumwal-

“The algebraic sum of centrifugal forées induced due to

SR SF =Q~

q FC —FCB.=0

balanced and unbalanced weights.”

gal forces induced due to balanced and unbalanced
masses about d@ point in the same Plane should be zero.

§ 7.2 gHd gT FIUHT T Ao (Balancing of Rotating Masses) |
fafsr=1 Tmd gu sragfor gomm) (rotating unbablanced masses) B T 0 & 3T FHR ¥—
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I. T TR T sugfem gomm (mass) B Ffera HTM TR 2 fafimi §—
(a) & T somm (mass) F I oiv wHaw ¥ T
(b) X TS T (masses) B Rifir= ot e B e
2. fafv= s semmmi (masses) Y, I ©F & oA gEaw ¥ ¥, B ggfem wom
3. fafe= EgfAa Soa (masses) #, < fafirt vata s e A 2, W gefe wom
7.2.1 (a) JEYIAT GHY R 3 qui= wwaer § Tgias TR ST

o3 7.4 sEci HR 7w e g (mass)(m)aaﬁaaﬁmﬁ(m,,)wﬂ a9
§oI7 §HAA (axial and rotational plane) ¥ T M &)

o: ST T F R W T d e,

R &
F¢ =Fc, \r E i g
mo’r=mgo’ry, SN\ L
\1\8
q0 mr=mp ¥p || \
TR ST ST (mass) m TS Fgfeid S99 (mass) mp T & oA ma%/
qoae ¥ 89 & HR, YT ST m F FRO FGHHA T (Fy)
uﬁﬁamﬁ(mass)mg%mawar-aﬁnaa(FCB)mmﬁquham Feg
(rotational axis) W foFwt it v wwee % wmer yoif 1 Shrfond 4 v forr 7.4
gl

(b) IFEYAR FSH (Unbalanced mass) % guist wwaer & 3 Ui wHae W geame
(balanced mass) TMAI—TH WHR F FYEH 1 IW TH AGHA A &, I TF Fqe omH
(balancing mass) T IR 3iferch STl &1 A TIeT S (mass) i AF e T YA G T
BT RN F TG F T A TER § W H )2 £ 7.5 (2) T (b) T B 7.6 (a) F (b) |

Fc
gt a1 o i
A o) B )

B
I"Bz -
Mg, B4
n"\B2
| %

FCB1 FCBz

(a) (b)
e 7.5
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_ fi 7.5 (a) N Y WRTT F=A (balancing masses) 1 A A& FHAS (same axial plane) a
fefir= gof7 wHasl (different rotational planes) ® &M g1 sefifa fman T &1 7@l A A A
(masses) ¥ ¥ YAF & Fgfera ZoOM (mass) % S A FRER S T T 4

Tge & R SRiEa O sRe IR $0 W—

(i) S ool w1 Aemierda 4m I 9,
FC '=FCB'|"+FCBZ
mw2r=m2r3| +m32c-)2r32

L ) mr=mpg rg +mp, rp, (1)
| (ii)amﬁﬁaﬁ'mésqmm%uﬁaqvféﬁm,

o - Feg xh =Fcg, Iy

o (mp 3(02 xrg, )x Iy =(mp, x @ X rgy ) X [,

E2| B : . " mBl '_'Bl ’1 _=mBz'r5212 _ ‘ ...(ii)

farst 7.6 . S Fgfera SoEH, mm(m)%wﬁ-mmmﬁﬁmﬁ%mﬁ

o ot T Wi 1 TefT FEaA §9H (same axial plane) % fareg oi7 aHaa (rotational planes) = R

Fc

] FCB‘z ) ' m
@m $m82 %"%\ ‘

- fax 1.6

@ ﬁm%mm@ AT T T—
(i) -FTH=A FA H emfordia 4 = 8N
‘ V FC +FCBZ =FCBll
' mm2r+m52mzr32 =mB|(o2r,3l |

).
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(ii)mwtwm%mwwﬁwﬁ | SR

wm%mm%mﬁﬁr

A, S T % it s -7
@ﬂmﬁlﬁsl7.7(3)3‘(}))3?1Wﬁ]ﬁ?ﬂ%ml,mz,m3am4mg‘;§;:;§
FioTy,Fy T n,_tphﬁm@maﬁ%nwmﬁamiﬁm@%@aﬁaﬁvﬁwﬁfﬂ*{qm%m%
ssimﬁsfnam:wmﬁfésmw TR 7w (

T & wrm

centrifugal forces) 3e= & s fora firan fag
IR F ST TR e

(a) THIF fafa (Analytical method)

(b) I fafer (Graphical method)

(a) ToTTeTen fafyr (Analytical method) 3w fafy % srogfem s % o I AR
T H @R T e fown A g (resolve) T ugr: ¥ e ok % sfemford CHS
IV) B'IW w0 el F1 RO 9 (resultant) 79w ) T Romh s@ ¥ Rt o 3§ s
I e e (balanicing mass) ¥R frema 1 wgem f&a smr 1t 7.7(2) =
HaENHT FL - '

W%Wﬁﬁﬁﬁmﬁm%—

e 7.7



246 WA & fag=
ifest Huew) @1 sty 4,

ZH =F¢ cos®| +F(,co80, +Fc,cos0; +Fc, cos 0 4
=m,m2 r cos 09, +m2co2r2 cos 0, +m3(02r3 cos 0, +m4co2r4 cos 0,
=myr cosO | +myr, cosO, +myr;cos@s +myrycos0y (1)
T YHR FEAER FESH H s I,
LV =F¢ sin®, +Fc,sinb, +Fc, sin@3 +Fc,sinB,
=m|m2rl sin +m2w2r2 sin®, +m3a)2r3 sin 05 +m4c02r4 sin@ 4
=myrysin0® | +myr,sin0@, +marysin@; +myr,sindy 1)
Tei 7 9 = 33 4 R R 0 / g T SToa el F W TR ¥ 81 3 b el
UV RSAHE T ITH g e & OrRe & @Hgurd faer w2
et (i) F (ii) @ RO =T (R)
R=+(ZH)? +(ZV)? +22H IV cos90°

R=y(H)? +(2V)? C (i)
agr aRem 54 (R) Fi fawn
tan© =z
TH |
1. | 0 :tan_l[%J ...(iv)

AT o (mprg), IO o1 (R) F WRATT (magnitude) & s 3 foodia fa@m (direction) L
&

31d: 9RO (R) =mp rp : d

TH SoTTH (mp ) F YOH 510 (75 ) T0 BN W Ageish SoHAH H
qftaror ‘gra-fea 1 Heha 2

(b) WM fafa (Graphical method)—8% < €, ff fafi=y ol & .,
FWT S YHET 9 (centrifugal forces), S x YU firsar &
A @R € et o 7.7(c) F 3FER @R ab,bc,cd TS de HH:
my 1y, Myry , M3F3 , MyTy T IYHT wel F e R e @
ST det S 3 Yaneh ey e e ael it R Yl %
U B T8 YR &6 TE 9o 9g4S (polygon of forces) W BN 39 9
agye @ wud @ (closing line) ge W oA T < WROWH
(resultant) 1 wftmr & fewm # wefia i R 7.7 (0)
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Wﬁﬁ,ﬂﬁmmaaé;qﬁ—w (magnitude) & @R 5 famda fam & firg )
A ae x Jumy =mp ry T

EURREE NERE (- T, YO T (1, ) F1 o 9 @) S,
7.2.3Faﬁw=ra¥&ﬁu@tphmﬁﬁqnﬁgqmwrﬁww

Balanci .
( Ing of Several Masses Rotating in Different Axial and Rotational. Planes)

mTS(a)a(b)WW@mHﬁlaﬁm '
. ?ﬁ?ﬂﬁfﬁ'ﬁm@m,m,m w1y, 1y, 7
Tﬁﬁwmﬁﬁ%lﬁmﬁaﬁvﬂaﬂﬁmm@ro %lwﬁm%aaﬂalaq;ﬁ;mafw;%fﬂr;

S 1y, my, my 12,3 o0 vl ¥ ym @ ) s o B0 @ @ g
Wmﬂﬁi‘mﬁﬁmmm%l@maﬁmwﬁmmmwmwﬁﬁm%%
mmawmmmmmm%l

L

: 9 . i
H 1
: L
i o™ i ;i
: : i m, Ct
5 ‘ : 78 %,
—— . ’ ™
- ' by —e 6, X
T by a2
S — 5 g
- T 1 . ) '
: : i
| Mgt : !
; $ ; : ’
@"‘1 : i ; i
: : : ; : ™
. (] . [ ]
| 3 2 1 i
— a, + Foy
: M
(a) (b)
fox 7.8

7T & AR B A P F) Wi S0 A shed SemE ) S L9 M gaas
A IR FWa,, ay, a3 d a,, 9 FA: by, by, by B

TR < fafudi 1 T w—

1T 9& sgyq (force polygon) T8 & Sg™ g (couple polygon) 1

2. A I "gySi (couple polygons) i T

Telvgy @ T grof 7.1 A TN L

Ty fafr—zg fafy ¥ IWea ARV & FiaH Ho 6 9 4 F1 @M fHar swam

HeNg® Fied Fo 6 H AN Hlh THIH TS AN TH FBR T m,, 1, @, N GCHOT @ A
Bl
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mﬁ*—?f%:ﬁm

"WT‘T TEYT (couple polygon) o=t 7.9 (a) & faman w1 &1 ab, be, cd AW my 1y ay,my 1y 4z,

'ﬂsrsa3%vﬁmw%wmﬂnﬁmﬁwub)ﬁmﬁhﬂaﬁﬁmﬁwmm?mad
H e T T /T D R my, 7, a,, FAA G GW g, FH A G T EAD 7, F A

TEH ‘m,,” T Wk W MO R 9w

wweft 7.1
1 2 3 4 5 6 7 8
wo | oragfem | quivfiear | waued |Lowweed | L-wwee (M- aweed] M e
Ho m . (m) wuFsa | FhHm) | WEEgw | Fhem)) | WEEgW
WA (Kg.) " (kg-m) (kg-m) . (kg-m)
1 my, Fin Mmp Iy i My T, T 0 0
2 ™ n Ui a; iy, "G b, my n by
3. my ' }'2 my ry a, MoTaTy - by mq Ty by
4. mg B mg 1y a3 mg 7 ry by ms 1 by
5. m; .n myn 0 0 (. m;nb,

9 T FIeW o 4 1 AN F& fa7 7.9/(b) F ATAR 5 I (force polygon) it T HiA

A qEE F @R o' b, b ¢

YR T HLN—

(a)

(Force Polygon)

(b)
o= 7.9

, fd',d'e'm; QAR T myry, my vy ,m,,, 1, 3 ST F SO
g ﬁo‘{iﬁaﬁaﬂﬂﬁwﬁm%m@ﬁglmm(closinglme)a'e" el & gRomd wE fam B
frefa s vﬁva'%ﬁqﬁaﬁwﬁwmmm,ﬁmaﬁml 'm; 1 IRAT (magnitude) 37
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e’a'xﬁ"‘ﬂ'-n:m,r,

p TEEA T my S ARET F@ R S

fuefrar Pafr—3w fafe & S5 wRoR & wfew do 6 7@ 8 T WM Bnm wwaw Flew Ho 6%
fufir SRR T ST S T wgol i 7.9(a) ¥ STER AN A€} A € T Y@ ad H I
3 TN FH My Ty Gy T TG HRN @, T r,,, 1 FH T R TG F w7 wqgern @ A
mmmvﬁmﬂaﬁﬁﬂml 4

% TEER Fem Ho 8 % fafvr wfEml 91 s w0 T o Aoy agy o 7.10. % IR

frdt 3fad 39 Y THE @1 o' b, b ¢, ¢ d' FE: my ry by, my ry by T my r; by & SftmTol T
feqn ¥ 369 T 1 FF X o @' AN Serg F womh (R W aRmn e ¥ sefda S
g RO (R') 1 IRA ) 1y @, F SR I - |

| a' d'x =mra,,

a,, 1A T TR q@ 7, N URHT T W, T S ) A A GHA ) TG

7=@H m, B M (direction) TR R’ #Ft fewm F fawda 2 f@d fax 7.101

cl

fax 7.10. ¥ SFYS (Couple Polygon)

I 7.1—5 kg & Tah FEW WG Fit YUiT 3 (rotational axis) ¥ 0.4 m Ft T X guis
R S &1 ey Wi YNGR St YUl 216 T 300 rpm W YR T §1 97O S weger ® Te
& 0.2 m = firea W oNAYaE TS XA S 0ET

T—f&an — (i) sragfe 59 (unbalanced mass) = 5 kg,
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i & g

(ii) 3rEgfed WX F o e - =04m,

(iif) TR &t Svig 7fd N =300rpm,

(iv) TgeTs WA &t oA 5 rp =02m,

(v) G wetd &t A (balancing mass) =mp

fa=x 7.11 ® sregferd 9 (i) AT W oA (my ) Feaferdl

1 Teffa fFa T 21 o, W & a1 (0)

_ 2N semAto
60

_2x3.14x300
60

=31.4rad /sec

rad / sec

T W €, 6
FrEfd STHET T (F ) = Tgfer 3Tehsira 76 (Fep )

mﬁ)zr'—_mB (Der

q mXr=mpg Fp

q1 5X0.4=mB )(02
] g :-].Okg

Fe
R H
o a1y
/}4 m /
0.2m
% .
Fes
fa=x 7.11.

i SF e & I A T @ A ¥ RO S % BRI YO o Seond A I
FT H SEvEsa TE e

7 SATIH qEH FATH
(mp)=10kg

IW

SaTRAUT 7.2—1.2 m Tt T Fe e gt Rl et (bearings) ¥ FerTTaR gx W& &1
Star fey S REfeT & 0.7 m 3 T T U Tfearer ufed (flywheel) 100 kg XEHTT ST, G TUEAM
&) gfgdy & Frtor § orgIfg (manufacturing defect) ¥ HTOT UfE) T T S VTG i YU Ty §
0.8 mm @ T W ¥ Afg ve= 800 rpm T gwdt €t feafan ot wfast s (dynamic force) w@
aﬁmawuﬁmﬁmﬁﬁﬁl
TA—fam 7.12 & e % 3 fall W et femfei s AT B EW1 Weiva fean a2

fear 3—

(i) W &t o= (/)=1.2m

(ii) e ofigd it 9 R @ feafd =07 m

(iii) Tfed 1 TE@ FH T WHR FH ol 18 H =R (difference)
(iv) ¥R & Hfig 7fd =800 rpm

=(0.8 mm
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(v) el & F=EH (mass) =100 kg fe e dfezn (Fiy Wheel)
(vi) s R 9 TR fR W fw ww s ro.amm
wd I YR 9w R Xla '""_':"*' s[X]
¥ T €, 76 TR S w9t oin o w L . E—B
T AT W, X
Fc =mw’r
5 fe— 0.7 M —-l
=100(ZRXS00) x 0008 1001‘3.,-;“
r-——1.2m —_—
=100x(83.733)% x 0008 |
Ra RBT
=5608.97N TR -
R s s (Fo) % @R faafal w FA}WW[FBI
F: SBRAR F, T Fp ¥, 78 4% e gof o0 {a il
Fp x12=F x07 IRA} st S l‘ﬂ
F F
p, S00B97x07 A o
: 12 ferr 7.12.
B WM& Ul o W,

Fyx12=Fs x0.5
B, =5608.97 x0.5
1.2

=2337N
st wfafshamd F, T Fp TR0 9@ (F ) % R fawda it il sy aa (F ) e
F ol R e F gy o W aKo @ R, o s wfafeell # i of sert /e
wif wRfFell R, T Ry TRT TR F AR @GR w0N s e el = osemm
(m)=100. fm =9 =t 3R & &
TR ¥ fR 4 F Ty ol o W),
Rp x12=100x9.81x0.7

_70%9.81

5= =572.24 N

I W F R B FH g Yol o ), |
R, x1.2=100x9.81x0.5
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TR % fagr
490.5
R, =
472
3 =408.75N

(i) foftn (4) w sfasem sfafiem =(F, +R,)
=(2337 +408.75)N
=2745.75N
(i) TRt (4) W W SRl =(-F, +R,)
=(-2337 +408.75)N
=-1928.25M
(iii) feaftn (B) ® axfesram sfdfsman =(Fp +Rp)
=(3271.9+572.24)N
=3844.14N
(iv) fe=fer (B) | =gFaa wfafsan =(-F5 +Rp)
2(-3271.9+572.24)N
==2699.66N

I

IIEVT 7.3—Teh YT WX 20 kg &1 FSA9 (mass) 1.2 mﬁmwm%mﬁwtu
e % Rl 39 FeawT (mass) % ST IR faadia faym & <t 3w (mass) T S E A 5w
FEAuTAL % YOI WHAS, AT FSTW (mass) % YOI THAEr ¥ 400 mm & 500 mm F FHWE
YT 3T FEEET (mass) @ GUIT Froard wA9: 1.5 m T 1.6 m &, A Weie FAWH (masses) &
qRYTOT AT &t

W_
1. sTaqfed. 599 (m) =20kg
2. g sea9M &1 oA =4 (r)=1.2m

3, g 3ol ¥ o de, regfer Terd F A R FR: 400 mm  500mm g8 W

4. g oAl # ol Bead FE: 1S md 1.6 m #

(rotational planes) & FEHAI 1 T g Waf¥fA feran T 2

g STEgfer geaH (unbalanced mass) % Tt AR < wgferd FTTHH (balanced mass) mp,', T

mg, T W £ (system) I H @ Sl 2l

ﬂﬁﬁr e (dynamic equilibrium) % fed

FC FCB] +FC82

fr3 7.13 9 GE F@ 21 o A uF @ et wwaw (axial plane) T fafa qui wwaw




2 2 2
m Y = H
[V ) mBl w F‘BI +"TBZ(D ’BZ

mr=mB] rBl +"152 I'Bz
ZOXI.2=mB xl.5+m32 x1.6

24=15mp, +1.6mp,

253

(1)

3@ YA R (m) & 0 THa F G Frevra 0 Fria v sTens 9 w1 9ol S,

FCB] XO'40=FC32 XOSO

[ [m x @’ x1.5]%0.40 =[mp x@* x1.6]x0.50
B By

q
a

mBl XO.6=mBz XO.S

' mBl =1.33 mBz

... (i)

mg, F1 IREOT o (i) F ITH Tl (i) ¥ T W,

q
q

g1

gHto (ii) 'é,r

24=1.5x1.333mp, +1.6mp,
24=1.995mp, + 1.6mp,

24=3.595mp,

BZ = 6-67 kg W :
=1.333x6.67
=8.87 kg I

Fc

20kg

12m

A

C B

15
m

le— 400 mm —ebe—— 500 mm —»

1.8
m

mszé

o= 7.13.

mn—qaimtﬁza!ﬁ%ﬁwmommﬁqwfﬂtlﬁﬂlﬁ@ Skg @t Weha
100 mm % F=ATH 31 T 4 Kg T /e 150 mm amiwmwm%maa‘rfws’tﬁ 90° T YT
{ wgfem semmm @ fown dar W e wifaEn

w— fa1 7. 14ﬁwmaﬂaﬁvﬁafwﬁmﬂaﬁhﬁw%lwﬂmﬂ@ﬁqﬁmﬁ

™ R R ,

T W Qe ¥ wm w090 R
T R—

()G fafe 150 mm ,"'

(Analytical method)! /

(b) 7% fafe (Graphical method)! *;{Am.gzr

(a) rAewa fafar (Analytical rrrvop— 4@
method)—fa3 7.14 (a) 1 3m@cIFA o 9

H Fht-gorae 1 ol e qEE @

W Hefa goae fa= R

R4 4750 kg mm
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7q fafy & @it STagfTd FSAHM (masses) F HRU ITF ATHRIT A & FAW TR H
semforda 4,

IV =mr sin® +m, rysinf,
=4x100sin 0° +5x150sin 90°
=400(0) + 750(1)
=750kg mm

T TR &S sTaTe w1 e A
TH =m r;cos0 +m, r,cosO,

=4x100c0s0°+5 x 150c0s90°
=400(1) +750(0)
=400 kg mm

it wet (k) =[(EH)? +(EV)? +2ZH.ZV cos90°]

—J[CH)? +EM (FAfF cos 90°=0)

= J[(400)? +(750)*]

_J16x10* +56.25x10°

%,[72.25%10*

=8.5x100
—850kg mm
3q: gferd s A mp rp =850 (rp 100 mm T W, FfE 5 F T e ?)
mp =8.5 kg IW
RO (R) 1 Sfis % e T T

tan© =—K
_750
400
=1.875
0=61.927°
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a7; T SoTE 1 /RS F W s T e
0'=180°+0
=180°+61.927°
=241.927° I

(b) T f&f& (Graphical method)—stagfe Wi & W01 I= ATHT T & WAL
W"

(i) mn =4x100=400 kg mm

(ii) myry =5x150="750kg mm

200kg mm = 101mmwmwmaqﬁua@%ﬁm (0-d), (a-b) T@n3i
F, FEE Sl H han T@rel F w=R IR ¥ w3 (0-b) IRem s 1 afm e fam
wefifa Hon1 789* faada foon & agfed s« #t fFa & 2

mg x100=(0 = b) x THFI
Tl rp =100mm WA W, FifE 7§ Tgfen a0 & P e 11 e R
100mg =4.25%x200

HAd: mB—SSkg I
fast 7.14 (b) W uftomd (R) &1 10T 19 W 61.927° 1 31 TIferd ToUHM 1 H07 241.927°
= I

3T 7.5—16 kg, 9 kg TE 10 kg & €19 TS| (mass) HAI: 40 mm,100 mm T 80 mm
Huiv Freameil W e € Hae | SHd €1 UEet SoHT | HR 99T TrE) SeaHT i st feerfa st
75° W 135° §1 3% Tget H TR o 179 60 mm T Fean w1 fnam gomm ot Stravaehar 2 ?

TA—3H T H O B FeaTH T Fifeid W U €l YU §HAe (rotational plane) |
TN F8T qft FEEEL (mhass) F 3T e (axial planes) fafs= gm (fa= 7.15 (a, b))

(a) T fafer (Analytical method)—39 fafa & @it /oo gommil & RO 3=
ATHSTY ool &/ Sealer FFal &1 e

gy =myrsin®, +my rysin0@, +m;y rysin0,
=16%x40sin 0° +9x100sin 75° +10x 80sin 135°
=0+900x0.965+800x0.707
=869.32+565.68
=1435kg mm
& vER dfaw sEEe) w1 iS4

YH =m, rycos0 +m; rycos8, +myrycos6,



fax 7.15.

=16x40c0s0°+ 9x100cos 75° +10x 80cos 135°
=640cos 0° + 900 cos 75%+ 800 x cos 135°
=640x1+900x 0.258 + 800 x (—0.707)
=640+232.92—565:68
=307.24 kg mm

qfomt ae (1'e)=\/[(:’:1ar)2 +(ZV)? +2ZH.TV cos90°]

e +@v)?] | (FRiifH cos 90°=0)

={[(307.24)2 +(1435)]

= (94396 +20592251)
=\2153621

=1467.57kgmm = .-
fomft ¥ (R) 1 &fds & W 4@ T S

tan@ =—
z

1435 _ 4 6q

307
3@ - 0=77.91°
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¥ T WR,
Mg rg =1467.57
mg x60=1467.57
mp =24.46 kg -
@ﬁmwm%%mﬂamwm'

0'=180°+0 =180°+ 77 91
=257.91° —

(b) W fafer (Graphical method)—ai'ﬂﬁﬁﬁ T % HR Ieqq AT 9 ¥ TR

TR,
(1) mnr =16x 40=640kgmm
(if) m, r, =9x100 =900 kg mm
(iii) m3 3 =10x 80 =800 kg mm
160 kg mm = 10 mm f}mmmmmﬁmﬁwm%mm: @ (0-a), (a-b),
(b-c) T 7.15 (a) F 7R diw §) (0-a), (a-b), (b-c) Fwm1: ToTTuRt sToirsita Wkt = Fopan

%@aﬁ%vmw@%ﬂm%lW%@(O-c)'ﬂﬁvmﬁaamwﬁmmqﬁﬁsnﬁmﬁhmlw%@
%ﬁqﬁaﬁmﬁmmaﬁmmﬁ'ﬁmﬁmﬁwﬁaﬁmmw,' '

mg x60'=(0c) 1@ it whramE x mEy

=9.172 x 60
3 my =24.45 kg I
TR 0 H A () F A Y D iy e (A W)

= 257.91° ‘ I

SST&T01 7.6—8,6, 5, m, W& m, kg & uter Femr (mass) T& & gui7 Tuaet (rotational plane)
% T 50, 40,70, 80 W 70 mm it Bl w e § 5 g @ e ¥ amad fom
(anticlockwise direction) ¥ WY WX Sruiter feerfirat swmor: 0°, 35° 130°, 180° 7o 270° §1 m, et
m, SR % GRUTOT T R

AT 7.16 1 et sifod ot some (masses) 1 T T9aa T T qe sreiy
T e &) | |

T 3 o fr Q) fafed A w9 e 1 g 2 —
(1) TreT fafy (Analytical method)
(2) % faf (Graphical method)



258 WA % fagm

5 k

1. TTuTATeT: faftr (Analytical method)—5¥7 ¥ IR \ I
TN (masses) ® FH@ dged ¥ € o Tl 160° 6 kg
(masses) ¥ A ¥ FO IO ATHAT T F FAN W@ o 1307
A sEal ¥ demfor dm w0 =fed (W 3 [ 35 PN
7.16 (a))! 80 om Somm g

I Al (ZV =0) F I3 R T W@ W, % my

0 =(8x 50) sin 0° +(6 x 40) sin 35° +(5 x 70) sin 130° s

J . o . fe) . mz
+(m, x80)sin 180° +(m, x 70)sin270° ... () D 7.16 (@

T 0=0+240x%0.573 +350%0.766 +0 + T0m; x (~1)

Ll  0=137.65+268.11-70m,

T 70 my =405.77

T my =5.79 kg I

o R s (ZH =0) ¥ T R YE WIW,
0=(8x 50) cos 0°+(6x40) cos 35° +(5x 70) cos 130°
| 4 (m, x 80)cos 180° +(m;, x 70) cos 270° ... (i)
0=400%] +240% 0.819 +350x (=0.64) +80 m,(~1) + 70 m, x0
0=4004196.59-224.97 —-80m,

80 m, =371.62 T my =4.64 kg IW
2. 7 fafi (Graphical method)— s @l somm wger # 1 3@: 99 7.16 (b) W g
(0-a-b-c-d) TH/TZ TR TN T FEYS F WA (0-a), (a-b), (b-c) F74: 8 kg, 6 ke w 5kg
ZSAMN (masses) % PV IO FHAIR AIH=a TA
" ¥ i & FUEK 99 IO AF S (masses) @ 2707 A eoeeeoe- @eaensass
frmraE % FHY: TEEE EiE A 3@ (c-d) R
Wﬁaﬂm(mass)aﬁmm%mmm
W(Oﬁd)ﬁmzmﬁ(mass)iﬁmm%
AR @ %) 2R Yl w1 Few fag 4 T ™
| @ Y@ (c-d) T (0-d) TN T q@ WA T A §
wmmﬁaﬁmﬁm,qﬁmz‘aﬁmﬁWW
& ¢
| ﬁane(b)imﬁaﬂm%ﬁﬁ10kgmm—1mm&m=nﬁ~mw§_

i‘@l(c-d)xm my x80

180°

Op=--ceccc@eccc=al

400 lzg.mm
fax 7.16 (b)
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37.16 x 10 = 80 m,

m = 4.64 kg : I

T (d-0) x dur =m, x 70
40.57 x 10 = 70 m,

my =5.79 kg

IR 7:7——Wm %15 My, my q m , % FEAT (masses) FHAN: 200 kg, 300 kg, 240 kg
e 260 kg &1 36 w0 ¥ qud 3 argdeamm wmwwr: 200 mm, 150 mm, 250 mm 37 300'mm & @

FeauT & AT & HIT 45°, 75° 7 1350 &1 g s w fearfir vt e 7n adfeny otk sas
i 7T 200 mm &1 Wt W & it e R

w—Ea 7.17 (a) ¥ |t gomm (masses) ®t =ivim frufoi weffm #tm & g EEEWF{.
(masses) TF € U THaS ¥ ¥y w@ ¥

7% 71 < fofedh | &« forn =1 wm 2—

(a) TS fafir (Analytical method)—fir 7.1.7 (a) 1 eRAHT HI Wt FHEHI (masses)
F YA WA T R A1 efiE wae e R

w faft & Wt g S (masses) ¥ FRO T AT S ¥ S sEaE 5
demforita g _ :
LV =mr sin@; + myry sin@, + myrysin@; +myr,sin0,
=200 x 200sin 0° +300 x 150 sin 45° +240x2505sin120° +260 x 300sin 255°
=0+300x150x0.707 +240x 250 x 0.866 +260 x 300 x (— 0.96)
=31815 + 51960 — 75340.32
=8434.78 kg mm
T yER &faw sraEal 1 SerfrE dm
ZH =myrycos@, +niyry cosO, +myry cos0y +myr, cos0,
=200x 200 éos 0° +300 x 150 cos 45° +240x 250 cos 120° +260 x 300 cos 255°
=200%200x1+300%150x0.707 +240x 250 x (—0.5) +260x 300 (—0.258)
=40000+31815-30000-20186.4
=21628.6 kg mm

I

wRomtt @@ (R)=y(ZH)? +(ZV)? +25H IV cos90°

=J63H)2 +(ZV)? (FATF c0s90°=0)

= (216286)? +(843478)*




260 WA ¥ fagm

=4/(467796340 + 711455 14)

J538941854 =23215kg mm
Rt 7= (R) =1 AR ¥ wa T ™ P
Ty 843478
Ly 216286
3q: 0=213°
34 vﬁﬁmw ‘
mBrB —23215
mpg xv_200-—23215

tanQ =

=0.39

" mg =116 kg I

Qa‘ﬂgﬁawméﬁm%mumw

sl v Sl v fax 7.17 (a)
0'=180°+0 \. -

=180°+21.3°=201.3° I

* (b) W fafr (Graphical method) —STHfAd. W & HRO I UK Tl F FHLIR

(i) mypn = =200x200=4x10* kg mm
(i) myr, =300x150=4.5x10* kg mm
(iii) myry =240%250=6x 10 kg:mm
(iv) my ry =260%300 =78 x10* kgmm
1000 kg mm = | mmAqFLAFH SR IR TR ae &
AR @R (0-a), (@-b); (b c), (c-d) F THMUR AUH=1g e & fran
el & auERR Eitedl (39 o 17 (b)) | 79 Y (0-d) sRomd e
Wqﬁﬁm@nﬂﬁhﬁﬁl'ﬁﬁqﬁaﬁmﬁaﬁ%ﬂmaﬁm%@ T )
2t Ogfea §Sa9 (mass) 1 9RO, o
mp %200 =(0-d) T@1 it T=wE x ﬂurm
= mgx200=0dx1000
200mp =23.2x1000 - :
mB —116kg h IW
mqﬂmBméﬁﬁ%@ﬁﬁUﬂaﬁwm(mm) | |
=201.3° ‘ IW

2555
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e gy e
m100mm‘luﬁﬁﬂnﬁmmt::wﬁ%$;sses)"'A’""B""C Gl m ;, www: 50, 60, 80

(planes of rotation) % wex 500 mm a3

Ui B | e sredte | m, g 3 e m, TR % A W
e kg mm T kg mm mm kg mm?
1. mp 100 mp %100 0 | 0
|z 9 80 9x80=720 50 | agac
3 7 60 7x60 =420 1000 42x10°
4, (4 50 4 x50 =200 1500 30 x10°

wwmo%aa%mﬁaqﬁwﬁaﬁﬁﬁuaﬁmqﬁﬁﬁn?nﬁfqpﬁs.6x105,4.2x105,
3%x10° kg mm? % fad sergm TgS (couple polygon) fas 7.18 (b) F IFTER TN & W O
m%mm&mﬁmsmlo%gmzaﬁaﬁa-mw%lmqmmm%aﬁﬁgﬁ
% TR 7o I 4 W.4.2x10° kg mm? T T A T 3 =G @ 3w 5 Y F 9
% #1 ¥ W a9 3x10° kgmm® H 0 TR T 7 99 T ¥, T v WD C g w

m&rmambﬁgaﬁﬁcaama%@mmaw.wwmmwﬁma
fo 718(c) ¥ weffq my, mg, mc Sl (masses) F FiT feafai @ @ wwd ¥



262 YR & fag=

T (masses) F Fia feafit e & % e oA 718 (d) % AT T ALY (force

polygon) TR | 39 el g H qHH @ (closing

srefta i T F A g, 1 O W R

line)ﬁ@gﬂgﬁﬂmﬁﬁm*mﬁ

123° 200 kg mm k;’«’"‘:m
3x10° R,
kg. mmz "l/
o ke
[loas 3818t ® v g
«36x1
102.5° | 5. mm? (Force Polygon)
S T (d)
(Cougle Polygon)

(©)
fa= 7.18

faER Y@ H T x A =mp *x P e
4.2%100=mp x100-(T& A1 T 471 100kg mm =1 mm f 71 2)
3q: mp =4.2kg IW
mp W F fe wfomh F feen. 3. fada @
ITETT 7.9—AAR A m 4, Mg, m ¢ TGN m pp, T9A: 40, 50, 60 e M T veraf &t A @
@Wmmﬁmimmﬁa&ﬁwﬁmwﬁm: 300, 280, 240 mm W

VTG STTeft 787 R AT & AT AT 36 T e SO & WA T T TR M o ORuror e

T m , FACH Rt g, mc,mp = Frofa feafrat 7 s R s vmee got e T 1)
T— st ZeAE % Ui T B Y fad 7.19 (a) ¥ weRia fm R

ydwem AY @ 7 wRoR 7.3 W L

Wit 7.3
#u | e kg | guiT B | W S | my, T H AR | mp T & T W
Lol mm & kgmm Tl mm Yot kg mm’
1 M 240 240 M 0 o
2 60 280 16800 +1 1.6x10°1
3. 50 280 14000 21 28x10°1 |
4 40 300 12000 31 3.6x10°1 |




e 16)

TSI M*mtmwwﬁMt«h‘m@mmt.@cmzo.l.mm’l.
28x10°0, 36x10%) ¥m o ol 16x10% 7, 2.8x10° 7, 3.6x10°/ W A%T T W WS
(couple potveon) B RS 719(h) ¥ SyER Te @ § FEgW wgye w e ¥ faf i ¥ wfta
mtm%ammwﬂm%mm,‘.m,,.wuﬂm\vﬁnﬂuﬂmfmmm
et B 710(0) | TR W) wiohg frafye wa 3 ¥ veaw frs 7.19 (c) ¥ SRR @ wg{R(force
I\‘ﬁﬁ’.‘?“ﬂﬂaglmﬁwﬁmm(closinglinc)m‘ﬁfh'ﬂlﬁﬂﬂtmﬁﬁ
o S M ¥ Rum § f wer weowa ¥ R 719 () ¥,

ma =40Kg. mg =60kg. mp=Mkg.

9 mg=50kg. Q
lanam 1280 mm |280 mm | 240 mm

— WK §
rvph S
(a) (b) WO WLHA (Couple polygon)

12000 kg mm
S o
R "'
"/’
! 16800 kgmm ™
ks ) Sl
(Foroa;?lwon)

faw 7.19
fageR tan it TR x Jurn = M x iR frem
23x500=M x240 (€l A T 9T 500 kgmm =1 mm R1)
M =4791kg IW
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M ¥ W = fira Y oRom (R) F frm Y@ % frada e 60kg W B gE Hmftr gt 1940
aMEd (anticlockwise) B

33131017.10—arrmur-ﬁaﬁqa:m&amp,g,kmsm‘fﬁﬁmraﬁmﬁnwﬁmw
{17 PR, 7t 0, R 7o S @t gfat wawr: 500, 700 7@ 1200 mm &1 P, Q AT R A W HAL: 60,
80 Tar 70m%mtuwmmtﬁa&swaﬁwmmmpﬁamﬁtww
Q, R 991 § UT & FeauTEl @t wofta feafa Jra @t

TA—sit ZEwA % o ael @ v fa 720(a) ¥ wefifa R e @1 wegerm st e et
7.4 SR

SeTeo 7.8 T wifd wAw: fa 7.20 (b), 7.20 (c) & 7.20 (d) N TR

60 kg 80kg 70kg
pi) Q r s@s

l T2kgm? 56 kgm?

}e— 500 mm —+|

fe— 700 mm —— 35kgm?

le———— 1200 mm ———— ®)

(a)
80 kg
1m ”R n
232" 3ok
’ 34°
2149, )\ \ 60kgm
tm 70 kg 460 kgm
[»)
1m ms, -~
58 kg el N
[ 70 kgm m
G0kg () (d)
fa 7.20
fa= 7.20 (d) g,
fargar @ (Of) 1 &g x A =mg x o forsan
28x2=mg x1

&Ad: mg =56kg

(e f9r 2 kgm =1 mm 7 T R1) _—




g
- |t 7.4
WA | XEWHA | o e WHTAT & ST A T (m) 8w wT 7ot

il (kg) (mm) (kg mm) (kg mm*)
____1. mg 1.0 mg 0 0
|2 70 1.0 70 0.50 35
|3 80 1.0 80 0.70 56

4. 60 1.0 60 1.20 72

mg SoAAE F fwm wftomh (R) = feem ¥ fawda Switi oRom (R) 70 (kg 3 SoqWE @ 34° ST
feam & BN I mg TEIA 70kg F FHEH F F@ ¥ 214° SR QI FTRE SR

ITET 7.11—T VIO & Thawq Yuist qaaelt 4, L, B, C, M, D ¥ a9 qui Hger # 21
wuAet A, B, C 797 D ¥ wW9n: 5, 10, 6 7T 2 ke % Fowr & 3R 4 Fowm & Ay g vt
feafa ww9T: 45°, 120°, 79T 260° W 1 IfE ®9a@t 4, L, B, C;M, D ¥ 3536 st 40, 100, 20, 30,
50 79T 100 mm t Yoiv frere w § & wwaet L aar M ® Femmmt & u o) s @it
fafaat F@ it wuae L ¥ fafir= semmt segfat fo 7.21 (a) # weivia &6t w=h 2

TE—¥ ¥ STER TR 7.5 I fod 721 (b) F gew %t wiviy feafii welfa w w R

6 kg mm=3.65kg
CA) L (?) c (b_ﬁ) D
b
5kg Q"‘ 10 kg |6 kg q
MR &
l—qgh S
fe- 200>« 200+
+— 300—
fe—— 400 ———>
e 500 >

(a)
= 17.21

a3 7.21 () ¥ wefifa seg™ FgqS (Couple Polygon) 1 TRUR 7.5 F =rem o 6 F fd wfeamo
W fa 7.21 (d) ¥ wefifa st sg9 (force polygon) F e o 4 ¥ & T wfmml 9 o= frody
e § & v fafy ¥ g w2

TR m, 96w & @3 foF 7.21 (0) 9,
ea x T =2x104mm

73%1000=2x10* m,,



4 x 10* kg mm?

4 x 10* kg mm?
— ".

(7@l 991 1000 kgmm2 =1 mm A T ?1)

260°

o= 7.21

e YR m, 99 &G * @@ faw 721(d) 8,

gl x Q9T =100m,
79 x 5.=100m;
mp=3.95kg (7l 3 5kg mm =1 mm T T 21)
5 I & WICR m,, TAVH , T VT ATHTE O § FHeT: 42° T 213° &M IW
ARt 7.5
1 2 3 4 5 6
w0 | zemu | guivfreEr | e sudsia | wwae ‘L Agh | wwae L W Uit
e | (kg) (mm) & (kg mm) (mm) (kg mm®)
A 5 40 200 ~200 -4 x10*
L m, 100 100m; 0 0
B 10 20 200 +200 +4x10*
C 6 30 180 +300 +54 x10*
M My 50 50m,, +400 +2x10*'m,,
D 2 100 200 +500 +1x10°




p\‘W”‘“* S

= 267
7.12—A F&WH A, B, C,Dt{umﬁﬁﬁﬂﬂﬁlmﬁcmD,WBﬂm’ 90°
;‘911195”'5”":"’7?“ﬁ Mﬁmﬁﬁlqﬁmﬁwﬁ-
mpg :25kg, rp =200 mm
mcq =40kg, re =100 mm
my =35kg, rp =180 mm
re =150mm%faﬁWAmmﬁﬂ0ﬂwﬂuﬁrmaﬁhﬁl

gtlaﬁchaﬁﬂmﬁt oft T FfTan
ga.—wﬂasmﬁ%aeﬁmmﬁa7.22(a)ﬁnzf§iam1m%|;mﬁm3%;aaaﬁﬁéﬁ
?Rﬂ(referenceplane)qﬁaﬂmaﬁ?@ﬁm%l Hﬁﬂﬂq?ﬁﬂéwﬁmﬁlmtﬁﬁﬂiaﬁmmlq 2

WBWCﬂWZSOmm

[HOT 7.6
1 2 3 4 5 6
#n | zome | guiE B TN STHT m % TN & mp AU &
@ kg mm & kg mm quaer | gt (mm) |EUT! AL
(kg mm?)
1. my 150 150n4 -y -150m4y
2. 25 200 5 x10° 0 0
3. 40 100 4%10° 250 1x108
4 35 180 63 x10° x 63x10%x
mc=‘0kg
2 @
-ve +ve 100mm
.__-——_._-————"
m, Mg =25kg mcigkg mp = 35kg " '
‘ @ 90°
Q ® N
sfom | ™ 200mm O
180mm Mg
3 = 25kg
b—Y —*1e 250 mo = 35kg 150mm
fe———x— .
(a) m, = 17.333kg
(b)

fax 7.22



268 T ¥ s

() O A RO SR vt R T Er— Al & Hiem (4) F R F EH T Ty
SEYS (force polygon) faa 7.22 (b) F FER 3fea T Wﬁg‘{ﬂ?{ﬁﬁ?ﬂﬂﬁﬂ’ﬂ S 01 Tjerm
% 2 e W WS UF W< T (closed diagram) I WA W= 1@ do W A W,

[ =1 T 391 1x10% kg mm =10mm 2]

150m, = od x Tam
a7a: m, =17333kg
S my, W TAAE my ® Hoig fegfa
0 =(180°+110°) =290° g |
(b) 9T A 7 D st feaafeal A wET—30qed 49 D #1 feafedl 910 F & 52 groit F e
(6) 1 A FIH TELH FgYS (couple polygon) Fast 7.22 (d) ¥ IER 1 YR aIN—
1. 3R O’ C' el 3fard TR Y A - = 40 kg e, T@T 36, FHAR 1x 106 kg mm? % s
it a8l 991 1x10% kg mm? =30mm A1 T R

2.fF g C'a0'A @A C'd'a O’ d' S=AH mp, =35kg T m, =17.333kg ¥ AUAR @ia & st
fog d' W T&H-gR & M A W,

6
11x Ix 20 —63x10°x
30

x =58.2 mm

(d) == s
ferr 7.22

ﬁﬁxmmmc%mzsom%ms&zmm@n%l 3 FEEHAA D 1 qHad
WC%W%ﬁWMW,?ﬁWC%ﬁW@WﬁFWW%I
Y B AW HA % TC—0 @’ A =~ 150m,,
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1 6
30><( 0’;(])0 }=—150x17.333xy

y =-384.62 mm

FuTe (9% (negative sign) sefRfa #tar @ ff qwaet 4, goram B % wid iR fraa = @ @ 6
g (assumed) AT g, %1 384.62mm T=mE B ¥ < air fega B

FTELOT 7.13—TF YAl §3 0 T = regieta Feamm 18 kg, 14 kg, 16 kg T 12'kg wHa9T:
50 mm, 60 mm,70 mm, T 60 mm @ gui frearaiy wr et §) fcda, 3dra @ wgd geomeit & goi
7, WIH KA % YUIT T § FHHI: 80 mm, 160 mm 74T 280 mm W T8 T §118 kg HxTwE A
¥ SN T IV R e 60°,135° wUr 270° ¥ YNGR RS Te o gt &
ﬁmmmﬂmﬁﬁﬁFﬁﬁﬁﬁﬂmﬁaﬁqﬂ?ﬁmﬂﬂhmn%wm3#¥qﬁ#mﬁﬁﬂﬂﬂmmﬁiﬁﬂua
e we wrge FeEET % wea ® fraw & o frfy o rorTess faf & wegfera e & it v
Foita Rafaat F HRE

e—fa 723(a) 9 (b) ¥ fafir=r wry it yoiv aaqﬁfwﬁmqaaﬁvﬁqmﬁmmﬁhﬁﬂﬁ%l

| Tl WOl 7.7 e s s s f

|t 7.7

1 2 3 - _ 4 ' 5 6

W | FENE | Ui B | qererd smdsE | mp % weEmm % %wrjm&qd
e | (kg) (mm) A (kg'mm) vmﬁq&(m) (kg mm?)

1. 18 50 900 -40 ~36000

g, mp, 50 50mp 0 0

3. 14 - 460 840 40 33600

4, 16 70 1120 120 134400

5. mg, - 50 - 50mpg, 180 QOOOmB2

6. 12 60 720 240 172800

2. FleH Ho 6 W fed J@gm & IRAN (magnitudes) 1 AT w1 frdt 3faa Tom = e
fa 7.23 () # =R 1 =& A T I 3000kg mm? =1 mm #y

BW%@odﬁwuﬁﬁﬁuﬁﬁwﬁww(mmWﬁmmm
FA §—

= od x Y9I




270 =¥ % g

R =43x3000

R =129000kg mm?
14 kg

18 kg 14 kg 16 kg 12 kg

Mg q) (D

mm 60 mm

l* m >
I'. 150""" e 120 mm >

maz2=14.33kg

db-
(c) 9T SEYHS (d) ST WgS
fa= 7.23

4, Hgﬁﬂﬂﬂn(mBz)aﬁﬁmuﬁmaagm(R)ﬁﬁm%ﬁqﬂaaTﬁamwﬁa R &1 9
i YHR A T fH@ 91 FhA T—
9x10° mp, =129x10°
mp, =14.33 kg I

A %W‘lﬁﬂflﬁZ@Wﬁﬁmﬁ%I
) wﬂ:ﬁ%mﬂ4%aﬁr%qﬁw@aﬁmwmsﬁaﬂnﬁmmv3(d)
5. 349

2
ﬁmaﬁﬂiﬁfﬂﬁaﬂﬁlmmmkgm =1mm
i f?:::;@af 2 AT TR T e | N F0 TR FEg (R F I 9| w1

R'=d f'x %A =14x30
—420kg mm
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7;?3"’““W(MB,)aﬁﬁWW&mm(k')%ﬁqﬁaﬁnmwmnﬁvmﬁmmm
Tﬂ'a g

SOmBl =420
420
mBl =?0_ =84 kg IAT

@ SO F 18kg TOTHA [ HI0 289° A fewn (anticlockwise direction) ¥ R

FETEOT 7.14—A, B, C 3R D IR TS T 9192 9T 0.10 m, 0.125 m, 0.20 m 387 0.15 m W
;T §| FEAT 6 T Toh TR A 0,60 m w9 g v § e B, € 7 D FEWA FAw: 10 kg,
5 kg 3T 4 kg &1 A = ITavEE WK vE =R s @ wivia fRefrat e gt wge &
0 WA

TA—af W % Ui qe w1y faR 7.24 (a) W weffa e TR

Tangm 3 < T WRoR 7.8 T

ot 7.8
w0 | FEww | it | g e AMRF A AR | A TR F aa1 Wyt
& | (kg) (mm) (kg mm) (m) (kg m?)
1. A 0.10 010A 0 0
2. 10 0.125 1.25 0.60 0.75
3. 5 0.20 1.00 1.20 1.2
4. 4 0.15 0.60 1.80 1.08
C=5kg
®
B=10kg Q@
A 0.20m 2
0.10m |
.............. P
0.60m
b —f
——1.2m—f 0.75 kg m?
SN g T
(a) (b)
fax 7.24



272 W ¥ fagr
TEF T T Iah 9 i s o 7.24(a), 7.24 (b) @ 7.24 (c) 1w 1 Pt 7.24 (d)

J—
5 kg
0.20m 257,
116° ‘_,,-—"R b
\20° 0.60 k
0.125m ?(Rg am 1kgm
54 kg 0.15m /’,”’ 160°
6 128kgm P
4kg I Qi
= (@
forsr 7.24
fogEr Y@ OC =it @ x 49 = 4x0.10
2.7x0.2=0.10A
A =5.4fxm IW
SHA A H, SEHA B | HIvig 2000 arHred (anticlockwise) 2l
1. Hqed @ 9 g 9uEm, 87 sgal i vl €2
9. wiftF W e WgeA (balancing) ¥ F fa¥g @7 wwem
3.  gged @ uRwmEl <A e gqed e TR R S @2
4. & = W= auEEa—
() o wgem (i) TS wgem
5. Wqad B wgH we ‘frdw qw’ ¥ o W wEed 27 0 |
6. @W&HWW@W@M%WwﬁWQﬁW%?
7. HEACE o o STovEal B WA | (UP 2003)
8. @ﬂa_ﬁm%ﬁm@nﬁamﬁwmlwmmwﬂwé?
9.  fag e fF afz faf= TarR GEael § SomaM o #X W, @ ST Sger R T e
A ol 9o T ! Hgferd el fohar ST Hehelll (UP 2007)
10. @im(shaft)mm@mmw%,mr—aﬂﬁaraﬁqvha:{m%svmﬁﬁﬁfw
S€C
goael W < SHEFT R Fed ¥ a & R w fafy @ sfaear vl sifsw (UP 2009)
11.  orE=gfea 9 @ ol % g (origin) T FEAA It & HAS Hi SAEA FU (UP 2016)
(UP 2016)

12.  qfem &t & rEgeH % HRUN I qUH HU



13.
14.
15.
16.

17.

18.

19.

20.

21.

22,
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@ﬁa:amnﬁmaa‘f%ﬁmaamﬁl

| ' (UP 2017)
* 9

T ST H | (UP 2017)

m%ﬁfﬁnaﬁﬁﬁaﬁmmu (UP 2018)

ﬁﬁﬂﬁ%ﬂ " b ﬁ‘[“hmﬂﬁlmiﬂ’hﬁwm.

dynamic reactions) Fq wifd)
[SW—30kg, 36.18 kg)

T 1200 kg 1 SR THA (mass) T o A8 Y 5 mm H) T ® B

¥ 100%mm:ann(mass)3mtphaam,t{uhaaﬁm=h§ﬁmm
[3¥—60mm)

@ww50kgﬁﬁmm@ﬁvs030mﬁm’ﬁzmgm,m%mam%nm%f@ﬂ
mmﬁmwﬁﬁaﬁt,mﬁ;ﬁmﬁmﬁmm%m&m%w
O 030@@025mﬁﬁm3ﬁ%WW%WW'@IOZOm@_OBOm?ﬁ{ﬁWﬁ,ﬁ

W g ¥
AT ?

[ST—80kg T 64 kg]

6,8 7 12kg F I T TF @ wwow ¥ TR ¥ R FW: 100 mm, 70 mm W 40 mm
ﬁwsifqzwqumﬂ%lekg%maﬁsaﬂzlzkgﬁammmz 30° @ 120° H
Fnig fafrll w31 W frem ¥ e R 110 mm 50 W ffen somm ffw wiia fefy w
T S e "
[3W—9.95 kg, &ifis ¥ 39.49)

T i forh ol 4t g 0w W @ et R favs fore semmE e 3,43 5kg ¥
WE A WE A B O R W 0A=0.25m,0B=0.30m,0C =0.20m &] OA _
¥ Fita g Mo (clockwise) FAW: 0°, 65° 3R 150° 1 TW o8 # 200rpm F TR A W W
YT T M R TF T A s R Rl sl ofm o e SR S 0.95 m
oo = fem #

[3W—6.54 kg, 3kg ToomH #t Afqw fawm | 256.1669)

TR qe T 5=me wm Gl W R e e frafaten 2—

1) 10kg F1 S=WH 90mm AZIH W

[ T

(1) 15kg 1 TEWA 120mm JALTH W
(iii) 9kg F FTEAH 150mm ITHE W

T SEUA W MR W T TER e TR, R W o ®u Qi @ 9, 10 kg TomE % wRe
W TR F B e o TEeE o € o o §)

[3W—133°,2849)

NN AW
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23.

24.

25.

26.

27.

28.-

29.

i % fage

?;‘kmﬁ A, B,C3a D% el & Wk W ww & ol aw W e ¥ goar F ARA FE:
8, 10kg, 18 kg TS 16 kg 741 i f=am sHA¥: 40 mm, 50 mm, 60 mm & 30mm &1 R B,C

T DF R AF Wy wrofa feafrai 600, 136° T 2700 §1 TR FAHA ®1 ORET TE Hi fofy
Ta Ff o =t ol =0 100mm 2

[3F—747kg, 87.33° fawmad wR A ¥ )
TR SN Y UH R F WG A, B, C, DI % GHF A¥eE W Fae fhw T #) qe AR 7@ B,

C, D%t T8 W9 0.40 m, 0.50 m T 1.20 m #1 61 A, B, C R §o9H %99 60, 45 T 70kg 21 af
ot Qof Hgem ¥ ?, & D W gomm w1 WR P T 5eWE A ¥ 9ne B, €, DW SR #i
i forfy s fremfea

[ST—39 ke, 55HH A A wam K # g=99@ D, Baan C % whivia feaferal shmg: 5°,142°,206° ]
A,B‘,Caﬁr D SR $HA TF YOIl R W 100 mm, 125 mm, 200 mm a9 150 mm W Faq: T3
T 1 5 ¥ 99 TF TR ¥ 600 mm F g0 W fe & aw B, C, DFIHA 09 10 kef, Skgf a9
4kgf B ‘A’ 1 TEAWF WR T IR THAA H Hiofa feft e WR T e ol s €,
I S '

[3¥R—8.8 kgf, S99 B ¥ S99 C,D a1 A &1 $wia feafadl sow: 117°, 247°, 224°]

IR SHEA M, My, M, T M, %59: 10 kg, 200 kg, 240 kg T 180kg ¥ ¥ wrafuq i srg=ma
FAM: 0.2 m, 0.15 m, 0.25 m T4 0.3 m ¥ 7L HHF THAA *F A FIU 45°, 90° T 135° ¥ AavTH
Fqe oA, fEE #u SEeE 02m B, F ue an fefs wm sisw

[S¥7—95.68 kg, 217°] | |

AR FHAR M,, My, M, 9 M, 99 200 N, 300 N, 240 N 7e 260 N 21 3t 5% # i & =T
S99 0.2 m, 0.15 m, 0.25 m 31T.0.3.m"s a1 THAR ¥ = HI0 45°,75° AA 135° ?1 FgeH TR
#! feafa wa oRmmr s Ff 9fe-3EE) Ui B 02m R (UP 2005, 06, 08)
[39—240N 91 ¥ 260N ¥R & 3R 80° W, 120N]

@ 9R 6N,8N @1 10N T & Tiaet & ToH frewsll W o  #1 afR A wa: dqfea 7 =R
FW@ T A ST SOg ewEfeafd I s

[STR—10N R8Nqa 6N % 0T shue: 143° T4 235°) |

16, 9 10N % &7 WR FAW: 4, 10 99 8 cm ST Fromsl W TF @ gHaw & g W@ ¥ SR W W
¥ TR a1 AR AR F wia feafq w750 99 135° #1 3= Hged A T F Y 6 cm M
firedl W fifed 9K St AEvEHA BN

[3¥—25.5 N]




a2kl
(Vibrations)

« Types-longitudinal, transverse and torsional vibrations (simple numericals)
« Dampening of vibrations

o Causes of vibrations in machines, their harmful effects and remedies

Tﬁfﬁ‘ﬁ %ﬁrﬂ? 3 \"Htﬁﬂ e I §§ (rigid) 7 e SRy geidi-(elastic matenals)%ﬁ':’t
W 2 TRt fafr=t e, <TEms 9 MW qER (prime mover) 3MfE sifhe YEtE @ Hte T W wH
F 2 e FR0 e % fafir somai ¥ el aan ool afe & w4 ¥ fa=fe (Disturbance) FT
el FEH I & I 2| T FRH! H1 TRA (magnitude) T304 Faea T 2| Fred werasd
7 el § e TEt e T € R F T ®E R

* VI YR JaT AT T G, Tah Fiyer Wie el WX S ford oIt o1 & ShIuT &t T8
"ﬁ_‘,%rv

“Vibration can be defined as motion«taken by an element or component due to unbalanced
forces at a definite time Interval.”

T Ffved T9 T0d T A 9 THfed Sl % HRUT 3T g arel Sfasel w1 AF dgd Al
B WA © S voa F T fawaun(permanent deformation) FX ThAT R1 o: R b % wwd
feset & foru frepra o S8R I/ A 1 TEA AT AW B

8.1.1 T Wraweft faf{= aRaTeTd (Different definitions related to Vibrations)

TR ¥ wEfEd e W e §—

(i) 3traet gr-eTfeTen i (Periodic motion)—UHt e, S Ffyera wwar & uyanq aR-ar e
(repeat) STt ¥, 3TTer AT ahTfetas T (periodic motion) et &1 SeTW & AT F7 (vibratory)

AT AT (oscillatory) T | o
(i) 3= (Amplitude)— T T & F=AT AT WerT T AYaT j \B
W feafa (mean position) (Torst 8.1 ® wefdia furfa 4B ) &/ 317 (element) a ]
& stfareraw o (displacement) T 3TATW (amplitude) Fga &1 o 8.1 frs 8 1 B
Y3em =B B'=B B" A wefsta & '

(iii) 9T 31T (Period)—aY TR I & Wedl 71 WHY Y WY =T (period) Fga §1
T TR Afwve § yeffa fra s &1 fos 8.1 A g B— B'—> B — B''—» B a® Wi ¥ oW
T & a9 sraue weemd B
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(iv) =% (Cycle)—qﬁzsmémﬁqufaﬁniﬂﬁmﬁmam (one cycle) wga &1 fasr 8.1 ¥
B—B'> B—B'"—> BT& %l T 1 M % i o w7 ww §)

(v) g (Frequency)—us gfire wwe & et (cycles) Tt Team wt argfi wga &) T LA
(Hz) ® wef¥fa & R, e ad o =% ofy afeve (one cycle per second) R1 afy fireht wer

A (frequency) S n e WA A1 SGAHT (periodic time) 1 TR Weffa fren R, [n =l]|
T

_ (vi) e T AT HIZ (Normal mode of vibrations)—arsaftaa & eyt & sy
W q =% T, W SR (arranged) TE W (simple) W T §Y, IR ¥ WA (normal)

e Fga
8.1.2 A S SFITERTUT (Classification of Vibrations) &

FEA! B R T QTR A W §—

(a) T fqUg a1 g W & 9 sl F SMER WY

(b) e favei 71 gof A MUR FEH F e A (medium) A RS (bodies) ¥ I
Hiqaell o AUR W)

(a) v fiue a1 gof oT T avet ael & R W

A (Vibrations) -
|
| - |

(i) T q1 Whids HH (i) 9 F

(Free or natural vibrations) - (Forced vibrations)
arfifea ararfifed wrfifed srgiifed
(Damped) ; (Undamped) (Damped) (Undamped)

(b) VoY f4Ug a1 Uf @it TR WS & 9Tt araratur (medium) 31 f4USt (bodies) ® =
yfaael & 3TaR 1T ‘

% (Vibrations)
| — |
(i) SR T (ii)mvﬂ'qw (i) S
(Longitudinal vibrations)  (Transverse vibrations) (Torsional vibrations)

1. @@= FW (Free or natural vibrations)— & wwT WY et faug (body) wt FRAWSH
foreama 31 A & 3= & T2 € T U W RS G oo T e ¥, W @A ST FEd 4 H
FIE § S & T A §, o A FA el favs g A o €6 WA d1

2. &1 & (Forced vibrations)—3a &g fuvg gt fapeit AT § o HWUT HT FIAT g, @
W YHR & FAI WY, AT FT HEd §) T 5, T Y F< (period) W five F swaqer &
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mmmﬁﬁmffmmm@mé,sﬁﬁmﬁm%w,maﬁfﬁmm
o e 81 97 A T TR T} Fo s w@ w b |
3, gulifsa FWT (Damped vibrations)—J® @ freart mamw (amplitude) W w0 =
(vibration cyclé) ¥ %0 BraT Tgan §, Feftfew s mwemd §) awm § @@ WA (free vibrations)
mﬂmﬁﬁ%,mmmﬁ%wwww(perfectvacuum)qdmm"ﬁlm
0w T B T S w1 ¥ g0 S qhRy ¥, sl 91w Fifvew o0 9 @69 8 9 8 o
Cfre WIS H FEA U TG & w0 A B &1 79 TER F IR H) WA w0 e &
IR FA H A THR Y e (subdivide) R ST g
(i) rgeed FA (Longitudinal vibrations)—f 8.2 (a) #1 rcie Fifvd foqvea ¥ & fRt
G FIER TR HA m kg R, N g vt & @ g o 9 21 AR weR 91 S @i #
Jre fa ST @ T€ TR T TR SR 7 A2 B i A TG TER R 7 Q feqvee A 994 g
e 76 S B AN T NER F F Y oreed F w3 e ¥ e feqved 9 srqded

(if) RIS FT (Transverse vibrations)—a 8.2 (b) #1 sEelFa 31 7 fequed § o
ﬁmﬁaﬁmaﬁnﬁrmamaﬁﬁm@aﬁm%wmawﬁammﬁmﬁw
m%mﬁfaﬁrfwﬁwmm(body)aﬁﬁm%mnﬁm%,mvﬁqmm%l

(iii) 7% HETT (Torsional vibrations)—f= 8.2 (c) F EAHT HR I Fqves o Fer |
W’WWWWWWWWWWﬁwmm,ﬁWEﬁWMa
Wﬁmmmamﬁlﬁmﬁﬁwﬁﬂmamﬁmmmﬁmﬁ%
8.1.3 & &0 &0 a1 Forante & O 7T&oT (Basic Features of Vibratory Systems)

WWW%M%WW%MWW%@mwmmm
T S S i ) efia w g T T 98 o amavew § e frem a s e O
Wmaﬁmmaﬁam@ﬁqﬁmﬁaﬁﬁml

\
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Wmﬂmmﬁm(inenial)am T: TR (restoring) FTY A 3579 B &1 XY
PRl & et (disssipate) e aem e W avn 41 2 P T st (damper) % WA
SR B & oSl W w0 ¥ Ry e o 9 Yl T ¥ Ry @ S ZEE E S
mm%?{ﬂlaﬁvﬁﬂﬂﬁ%ﬁmmWmm&hﬁmmﬁgﬂmgﬁ:m(restoﬁng)
Waﬁmﬁﬁmmﬁ%mmwmmmmﬁh%mmélmﬂﬁﬁm“
ﬁ%ﬁm%lmwwwmﬁaﬁ@mw%mﬁmﬁwaﬁmaﬁmﬁ%l
f‘q’i‘wnﬁlﬁfﬁﬁm,mwmﬂﬁwaqfwmﬁmmﬁsquﬁm‘f%ﬁammﬁﬁim%u
ST % T 1 8.3 (a) ¥ e 7 P e forem e 1 9 AR e 995 =it A e A
T F A qET FH R T A 83 (a) % oER fafe TR % W@ W (Lumping of

Parameters) =maifag ?) T WE o7 8.3(b) & fRmm M frem ¥ 39 TR % Td 9 (Lumping)
FddT }) s
YA LYED " |
o L~ 4 |
(a) (b) (c)
fo 8.3

8.1.4 TV HEATE (Degrees of freedom)

Wm%ﬁmm(space)ﬁmﬁﬁﬂﬁﬁﬁwm &
(three mutually perpendicular.axes) ER1 =7a %t ot 21 J 218 i 8 4
" OX,0Y 781 OZ Y@l g fear mt &) 9w+ 57 A vl (axes) W
W @ WiEt (linearmotions) & W1 Tt ¥ T9% sfaftam o H @
A& W SOf TR (rotational motions) ¥t & 51 Wt §1 9 WER T
F B: WAAT T (degrees of freedom) ©, 99 e i
(linear) Tom- i YU (rotational) | et =gy et fireem g WA Y '
AR (multi degrees of freedom) STAT TR fo= 8.4

SR MUR W fret R (system) =t iy (motion) &Y =0 T ¥ e ey BF L
frdwiieR (coordinates) #t HwaT @t WA= WEAT (degre

es of TERY 3
freedom) g §1 fo 8.2 (a) ¥ it s1vn & @A dey (elastic beam)
V4

single or one degree of freedom) aren farew wefifa & = w
Tan ¥ T HT 2 T R e v T faen 9 1y o wy
% fore F9a ©F & FdAF (coordinate) v ¥ fay 8.2 (a)
a9 (c) ¥ A @M= FEA (two degrees of freedom) Irem fimey
2 s 7 foen o e ¥ 1 s 1 et o faem

~ -
~~~~~~~

____

—— NOUNOOONONNNNNNINNNNNN
Y
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o = F0 & T Fam & P v ¥ fw 8.5 % wm wearen (elastic) Hvefar A wEffa
o el T H FH 1 7w e 13 5 o e v ) o ) qoien o w0
& fq T FA@ BT A BRWA (continuous function), X =x(z) ® savEEm o, AAfA z 7 T
q?aﬁrﬂgaf’n(1“%{Eqﬁﬁﬁ"_reﬁ’s‘;f:‘(""UFi‘?ﬁﬁ‘x’ﬂﬂ?(cc:ordinate)%"f~3“1’T*5W‘f3ﬁ'<""'t| T ¥R TE T AT
Wmﬁ(inﬁnite degrees of freedom) aren faew B mmwﬁwmmé
. I B WA fen o v wemah aren gvm A fen @ fvdrm srEmEeien @ o:
AT faew & Wit | geme (degrees of freedom) aTen &M ¥ F G 1 TErq feaan

a ?1 T R A W Rrew ¥ arftr e weameit amen aw AR W ag-wne
gt (multi degrees of freedom) aTeT = #1 ,

8.2.1 T ITTaed HEY @ wrepfve angha
(Natural Frequency of Free Longitudinal Vibrations)
Waﬁwﬁmﬁaﬁw@ﬁmaﬁﬁmmaﬁﬁwmﬁfﬂﬁ%—
1. g faft (Equilibrium method)
2. %1 faftr (Energy method)
3. 3 fafa (Rayleigh’s method)

IR fafed § g 991 (Inertia forces) ®1 1w w1 T R

1. oge fafr (Equilibrium method)—ww foim fama - :
s ToE 2, Fi fa fawm = fufy § e 8.6 (a) ¥ oTER
AF O] HLN
e § =i &1 A (stiffness)| T8 TF o« @, o foim § "_(;) "_-g- S5
e faeg ST 81 T TFE N/m ) 1 seef T
=
dx}
Mo

m = foin | fewmE T seH kg

Wa2mg —-
W =a%g ST 91 newton ¥ (b)
=mg
8 = form =1 wifts faeam™ m ® (©)
X = SR ol g 9% # & ™ G m ) fert 8.6

e W sraeq ¥ S fas 8.6 (b) W weRfa fran 1 R e famm W= mg, foim ¥ ww g
Tger ¥ €, argfq W =S.51 ,
Fiifh a7 TEG I Gger H T F x e I O e w2, s o & A T @
A #1 9@ (Restoring force) =W — S (8 +x)
=W -86-S
=55 — S5 — Sx ()
=-Sx
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i & fagr=

R Y v ey e g—— R kR
U 9 (Accelerating force) = F8qHM x @
d%x ..(2)

=mxX—
- dt?
% o Y F 3 frw wm e s fr T R

THHE (1) F (2) F TR @A W

2
md—;=—S
dt
2 P ...3)
q0 mfl—:+S.x=0
t
a —d2x+£x=
| dat: m

T WM ® R, T aad e =t difes i (standérd equation),

2
4’x +alx =0 -~ (4)
dt?

THIFTOT (3) F (4) B TE FA W

LY

F=2 o)=\/Z

m m
THY AW (time period) t=2—n=21t i
. . (0] S
; 1 1 |S
LG Wpfaw i f, =—=—\[:
tp 2n\m

1 /g
=27 \s (FTF mg =S.9)

g =981ms? T |,

1 [981
fn =

T on o

0.4985
f n=

~—F




i

AR (stress) F

ol =%ﬁmnf€ﬁﬂ%ﬁmm‘5’ﬁﬁmmmmm%’—

q0

T W 2, fF e ot

TS fegfs e,

Rl (strain)

Il
o5}

wi

=5

AE

et & = o 1 faTargT m A
W =it W &1 T 9R N A
A =TI FR m? H
E =fam & 9a1d %1 97 A9i® N/m? Al
2. i fafer (Energy method)—=W 98 WHa 2 ff. st &, firet five (body) 1 7if & o
3 i i, avg @t fFeh I ffy (datum) @S9 ® feafd & wRo 8 31 o 1 feafa o fioe
# ggen F feafa i a feafa (datum) 91 S 81 @ w w9 Rafa ¥ fee faos o fawew @

Fil 1 SRR (transfer) T &1 B, 1giq e ol 7 feafes ot 1 A e # e of fafa
TR & B TR U N wW 9T FE WA 8, 5

4 (K.E.+P.E)=0
dt

281

(D)

. (2)
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2
-1-xmx2x£x£1—x+-l-x3x2xxjd—x—=0
dt  dr?
2
0 mxi—{+Sx=0
dt?
2
1 g_)c_+§_xx=0
dt? m

ek D)

%9 ST & o W 97 T (simple harmonic motion) 1 H FHIFT Dyl eaion)

2
4°x  2c=0
dt?

HfE (3) T (4) ] O FE W,

S
w=,|—

m

Y A< (time period) ¢, L 3
®© m

Td WiHfdeh |G (natural frequency),

1 1 |S
fn AN Y A

tp 2n \'m

..(4)

(' mg=S89)

3. %o fafir (Rayleigh’s method)—sw% wfse fafer (Approximate method) st F&a & =5 fafy

¥ 7% | S ® T %o 7, W smed (Simple harmonic) # e wen feefy
- sfyeran st S, FoRt feaferdl (end positions) # sfumram fegfiry A7 faefy

TR B

g x =7 feafa @ ¢ 999 TN fyve w1 foreamm
X =we feafa @ fou feafa 7 gon stfean faeames

99 G{d e T & fog,

x = X.sinwt

(mean position) ¥
S (strain energy) %

r




frvz = am V=%x?=mxcosmt

e feafd | afvsam vy = .

A fys =i =l.m.m2X2
2

marwﬁmﬁamfﬂ:ﬂ_x:%“z

A i St = srferr Rafir st

I, lmcozX2 =1S.X2
2 2

g anqﬁ[,,:l:L o3

g o=, =NafHF FH0a A9 (natural circular frequency)

283

't=0)

8.2.2 WA TAHITNT HIH ehl UTghiereh AT

(Free Transverse Vibration’s Natural Frequency) e fmﬁ—j__*_
dx

TG FEAEE (mass) % U WHR forew T o w9 q s @
fR W ©F fyve frgerar W €, fax 8.7 # wefifa =t i R t T %

g § =R F FSUA (stiffness)!
m = favg. =1 T=THH|
5= five & wr ¥ g wdfvw forwar|
x = fyve =1 7 foufq 9@ ¢ 999 W] A fawaE|

TH WM © 5 fyoe it aqdt 1 9o (restoring force) = —Sx
2
w @1 9 (accelerating force) = md—x

dt?
T (1) 7 (2) |, T H FHH
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2
A m‘;—; +8x =0
t
o d*x S '
—5 +—x=0 )
dt m

' Ig Tt (3) arqetd F¥EI (longitudinal vibrations) # FHIHTT ¥ guM €, Ha. /T F0d
(time period) Ta WiFfas® Cﬂﬁﬁ‘l (natural frequency) 1 SfI,

mm(rp)ﬂn\[%

w . wehmemghr s, =Ll-1 5

tp 2n \m

_1 /g

: 2n ¥V O

e TR H Fuer mﬁﬁmﬁiwm(mm%,ﬁmwmaﬁﬂé%lmz
wi
§ = g,

3EI

& W = Fdeher ¥ wa i R
| = 9 A HudieiaR whFErs|
E =R @ il % e w1 o wi
1=Wm%aﬁmﬁmmwww|

8.2.3 WA g HAA Tt WIEHiAH 2TgfT (Natural frequency of free torsional vibrations)
mwﬁwmm@mﬁa@@m@ PPN,
S (disc) 71t &, fert 8.8 H i ™A 2
uﬁ,e:maﬁnmmmwmaﬁvﬁuﬁwwradﬁl [ [ |
i< = (disc) 1 5= kg Hi
7= 5wt (disc) F1 A g

(mass moment of inertia) kg — m?

— mk?
K = faepta ergsard m
g = TH H Tire FE9A (torsional stiffness) Nm p:

et (disc) AT I (restoring force) = g0
. force) =] d?e
@ 9 (accelerating orce)=1/x w | 2

@
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gf (1) F (2) |, T F1 g
d*e
lX——:—qe
™ dr?
d*e
Ix——+¢0 =0
T dr?
d’o q
0 —+10=0 -(3)
dr? |
@ Eanta F A gt
2
48 L atx=0 @
dr? ’ ,
FHF (3) T (4) F TAT FA W, m=\/%
A9 {0 (Time period) ty _2_1t_2 ‘/7
® q
Td Wihfdeh 3G (natural frequency) f, = — L/ |4
t, 2n\Vl -
ME—HUS FI1H (torsional stiffness) g Frgevt FHiewTn § it s ¥ fean < et 3—
(-G8 o T_GJ
J 0 I
A\‘HH: q=£]- (iR ——q)

/
Tl G = W9.* verd 1 Sgar WY
J =R F Y FE H gaig Je Tl (Polar Moment of Inertia)

[ =M. T
ST 8.1—uh: TTieraret ufean, Us Seataw e w s 8.9  awityy |
IR T {1 IR T S 50 mm q A RR wvwg $1 whrarer whe w d 09m

msoom%mﬁ%%osm%m&m%mmm l l 0
WiE (G) = soxm”N/m’@a’ruﬂsmﬁmaﬁﬁm T
Enﬁ'&l Iy 06m

T—(i) MR H = (d) = 50mm =005m l 1

(u)nﬁmam%amwm(m)=600kg | | for 8.9
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(iii) feepis = (K)=0.5m
(iv) g1 HI¥is (G)=80%10°N / m?
T 9 & R W9 @1 9o Siee 39l (polar moment of inertia)

J=Ld* =L (50"
32 32
~613281.25mm*

~0.61328125%10%m*

GJ

R T T ) HOAS T, ¢ ==
1

_ 80x10° x0.61328125X10°
0.9

=54513884Nm

R N TG [, I RIS FeH, q2=£l;i
2
/80x10° x061328125x107°
06

=81770.826Nm
IR F A NS HST g =q; +42 —54513.884 +81770.826
—136284.71Nm
Tt (flywheel) @1 A Secd 3l
I=mK?
=600(0.5)*
=150kg m?

mzqﬁgmﬁaﬁnﬁﬁﬁaﬂqﬁf‘n=§1—\@

Tl

L 1 ’136284.71
2x314V .150

=4.79Hz
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3.2.4 ¥ FH W I ¥ g w1 wwrw
(Effect of ¥nertia of the Shaft on Longitudinal Vibration)
aﬁwmﬁ‘mﬁa\ﬁwwm%m%wﬁﬁmaﬂqﬁ(natural
frequency) I FA ¥ T0% 71 }1 o/ &9 W ¥ e F wWE F A FHEX T F—

o e O o0 9% 5 qwu o @ R 8,10 W Wit fra w2
g my = MR &t 77 IR = =1 gomm

[ =R & =) a‘L l
e X
m, =M 1 HI THTMAI T
=mll
Hohdl ,
w v=aa R = e am (disc) l
AR K TR F 56 R A x gl ® o 7= F AN |, !
R & TEE S H AT =2 xy fers 8.10
/

W T I (6x) F R 3 =%xm % ()2

2 2 .2
:lxml&x(ixv) Ll X Ox
2 ! 21°

_Lfmiy 2 _1fme) 2 (D)
23 203

(qﬁmll=mc %)
Hﬁ@m%ﬁmwﬁm%m@mmmﬁmﬁnﬁmw,

_1(m)
*2( 3 )v ...(2)

HHlR (1) 7 (2) T €9 (dynamically) ¥ §9H €, 370 T9 36 frerd w5 5 W ¥ s
1 T8 e Wiwfaa X 5 W F @ R W w6 (disc) F T H MR F wod 7w fed gome
T SR 3 Seed wWAl MBS I,
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..(3)

W& m, = AR S FAHA|
W m=VR & Ta= R | & s (disc) 1 ===

8.2.5 THE®IVHT HII WX MG & TS &l GWE
(Effect of Inertia of the Shaft on Transverse Vibrations)

T W | g o1 o= 8.11ﬁmﬁhﬁmm%nmwwfmﬁawmmé'

e m, = MR Ft 7 I TE=E H T v
[ = VTR H T=m , -t ;;]

m, =R F FA TR ;| —

=ml

w, v=R ¥ @ R | e 9

T w A R Y x g W 5 T AT T,

2
_mxv I' 917 x* +x5 —61x> ) dx
0

-~ al
[ § 6
___mlxv2 9]2xS +x7 _6lx ]
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=m1xv2 3317
81® | 35
=3—3m|lv2
280
_1[33_ ml |v?
2\ 140
1( 33 5
= (1
2(140 mc)v )

('Q'ET m 1=mc %D

3?£C§sqqmaﬁﬁuz(body)%:mﬂmm,aa

= g (2
2( 140 )v 5

FHRET (1) T (2) s €9 F T0E ¥ a9 mwaﬂw%mﬁimw%w

13430 oA H fivE (body) o1 Fdt (disd) HB ¥ T W

3z TG FEEH W MR F oA R |

R @ fas S,

I\ Y.
2n m+33mcj
140

I TEHIVIE FE H WHfadh I

W& m=T% % WA R W =T (disc) F SoEH|
m. =M _HT SHHA|

In=

8.2.6 WIS W U ¥ (Constraint) ¥ TS & WIS
T W, e w o as 3 qE G wae € 9, B 8,12 F sl e T
M 02w F was R H Fvig 3 T

1T
: m="¥% & ¥fq e T &1 g aj?(W
[ =R # T=R| !
m, =W H oI ThaTs H FATH = ml
K = - faspi firem | i
Ic =R &1 71 Sgw@ vl @
=m.K? =miK? fax 8.12
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W ¥ ag fR / x 0 W S 3T 5x’ AR T FA W, o 72 7@ i A g St

(mass moment of inertia)

=(mdx)K?
5 |
=Tx><mK21 (/8 oM 7 97 3 W)
_ox : 2
—TXL: (mK? =1, @ W)

w mm%én,:%’xx

2

SFd i T S, =1(-8—x~xlcj(9xx)
2% 1 l

=Icm2x2

21°

T (constraint) F & T e,

x Ox

_Il 1,:032.762 % 5x

0%, 243

I Iixﬂl
— 3 —

w3,
=1(1—C]m2 ()
23

It @a R wF fyvg o fewF (disc) o s o %3‘! q9gT IR (constraint)

=1(1_c},)2 o)
203

mﬂm(1)aw’1$m(2)w%mﬁwmiw,mmm(disc)ﬁwmm
(1)=£3C- ?, F A T GHA 2

¥: W (constraint) ¥F TS FHF F THaS G

T AU B/, 99

...3)
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3.1 Taf¥r= TRt A W Ry w3 st 6 st e R (Static Deflection)
|roft 8.1 ¥ wehie fed wr ¢
At 8.1
o T W W& freama= (s)
o |. :
| FRE o | s i@
! Wﬁ%‘mw =3W—£(waafhim)
l
g; [——
2. |[Aeh et v R A
e ek 5=-§ﬁ(waaﬁﬁm
@1—*{
3. |QERY €A & Heg |
MWMFWW 5=E(m%qwﬁ)'
| ‘ 48ET1
f-—uz—vl«—r/z—-?
4, (SR gH F fag oW T :
i ﬁ?‘m a S 5 Wa't? (fogwm % =)
| 3EIl
La"f'—b——ﬂl |
: | ——
5. TR SR H WAL e W o/ FhTE oIS 1 GRERa qR 5. 5 ol % -
w%’f/lﬁm ‘ —@XE—I(W e H)
f } | |
o) /
6. [ fRt 5w s W fFemrgar w faRaR @ 8
TS S 2y 6=Wab:(ﬁ§wé:=ﬁ%)
| | 3EIl
p— 1 ——f
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7. | RR w5 o ¥ W fag W W R s L Y o p—
%: ‘1‘ :E A8 EI
12—+—1/2 .
8. |9 fR % v =) wgol ol W anfiaRa WK @ T W wl* =
TR TS » 5= gagr (T T AT
mﬁﬂiaﬁﬂg
/
|
"
8.3.2. (A) S & HIUT (Causes of Vibrations)
oY F % T SR e g —
1. W % TSI (parts) W fU=l (bodies) W ra=gferd il 1 A
2. Tfd W T YN 1 WY 9Sd (elastic materials) ¥ a1 =M
3. T F T e 1 e 9REMT (magnitude) ® 1@ 9 ¥HIS fa wEN AfuE R
(overload) B9 W f e § = SgEEl
4. WY N g 9 gH o A9 A HOWIH FHaA W T B |
5. T A S gS % ofus R WM % FRU Al Wk ol Wael ¥ fus S
(clearance) & B S
6. T ¥ WY HANNF TG (vibration absorber) F FH Wl F A A A W AN
-7, mm#mﬁﬁﬁﬁémmhaa@mﬁwaéﬁaﬁwﬁw
SR (transmit) By, S HEW Bl
. TYH H Ao Sgaradags e @ M h SR FEA ST
¥ # G¥EE-Tfa (reciprocating motion) HTA AR T Tfier e Ieoma ? R o e

IT B B

(B) eIl &t BT Wt (Harmful Effect of Vibrﬁtions)
FE-5. 5T W@ TS 5 FE §—

L.

2y
3.
4

Tt | HYiA gemefed # oifud TE-%e W OB

g7 3% @ (foundations) ¥ TR TSN fores Frol Wi w1 sEgfed & S
ofi oG ST W % e (bend) H WS H A

=, mﬂmwmmﬁa@gﬁaﬁmm%nwwﬁmﬁwm
(wear)ﬂﬁ%ﬂﬂ%ﬂﬂﬁmnmﬁﬁmaﬂaﬁéﬁm%u
'mﬁ%mnﬁaﬂ%gﬁﬁmsﬁtmmlwﬁahﬁaﬁmﬁmgﬁ%m
ﬁwﬁ%ﬁﬁgﬁavméi
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6. IWE W FRON { g M A wET w @
7. WA T F FHAH! (pointers) M H1, FIH ¥ HR0 G WA (correct reading) 7 &
T

g, HA ® FRU Fo W FP um w@d wen @

sria FETE awTEt & froda st & Fo erveram suan off §—

(i) ﬁﬂ?mﬁﬁa@%gagpﬁ'ahmﬁmﬁamsﬂw(compact)ma’é’ﬁﬁm

YT (mechanical shaker) H|

(i) fafi= w=R F G IYFON A1 GE-g=0 (musical instruments) i

(iii) ol YR & @R g sl #
(C) Tl & e (Remedies of Vibrations)

Qﬁaﬂﬂf?ﬁq\’ﬁ?,:ﬁ"ﬂ(foundation)awﬁﬁmmm%mﬁ%,wﬁﬂmélm
;mﬁ@w@wwmﬁﬁﬁgﬁum,mﬁmwnﬁm%mm
< 2 ¥ FE R I T 2 o 7E ST WWE P FH w0 % o T w1 g
(devices) 1 foiTd a1 et S el & S L SR

afwﬁaaﬁﬁﬁwaﬁmwmmwaﬁm@ﬂ(soum)m%lm:uzezram
am%ﬁwﬁﬁEﬁmﬁqﬁﬁmmmﬁﬁaﬂmwﬁwﬁaﬁmaﬁlm‘ﬂ—mﬁmﬁw
%%ﬁsﬂﬁqﬁaﬁwwmﬁaﬁﬂaﬁmm%mﬁfwmwﬁwwﬁﬁmmgﬁmﬂﬁ
7 o < & frelt ot AR Terd S W S 56 AT PR R ® 7R IEE FeE S
frrdt 21 e S, 2 AT, e T R, S e H Qg T % o s ¥ F e
O T We ) w1 S W AR w §) S T SenieTes % IS | Al <
T 31 e A T A S I €, S Fo B HEE ¥ BT € ¥ A e, g § 28 b
W?ﬁq@iﬂ%ﬁlﬂﬁﬁmmﬂﬁ%%ﬁﬁﬂﬁmﬁmm%maﬁwﬁﬂ?
F HHI

o v e ®) g ®9 Y QA 9 ¥ fauw fmn s s

1. (a) gTferes SHragiae: (Metallic absorbers)—3 HIF WYF H (metal) F T T 21 FTH
A 7E 2 75 9 o O 9% 9% YER ¥ FW FA WA ¢ T AR T W I 9 39 F I §
N WA w76 9 $1 3 fus 9RY (heavy loads) ¥ rwia it 319 TON H TR TEW T T
ria TeieR, FUeeher @ few foim 3nfg & WA faran S 21 T s S§t s & foran s ®,

Wmmﬁmmf»ﬁﬂﬁﬁﬂﬁa@ﬁ%wwaﬁm%mﬁfmﬁﬁaf'

fbfewet (critical) srawires wfRE (damping resistance) 21

(b) 3mffres yered woa srayiraeh (Organic meterials absorbers)—3TH Y& 9 § TR, FTh
T WK TR w1 s e ST @1 5T ST A€ R R T ifs o 9 gere WO w1 o
ST et § we 37 el % 77 SvafY, AIHA T AR F IREd F Wy Rafa R @R i W wAE T
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Bk ‘ﬂmwmﬂlmﬂmﬂg?ﬁﬂz&i?ﬁﬂﬁw(dampingfatocr)ﬁﬁ@ﬁ%m,m
TP I — AN W ot 7R wAm R o1 weha B

,
®l, o= "Fd Fo w0 faen #t g9 aEfd (circular frequency) EF/HFTS L
‘am , =m§‘ﬁ$ o 3R (natural circular frequency) fez/@fHve Hi
2. AT W Tl & wuTE Y W T & e et aravies fafd (viscous damping method) 1

o me mm 21 39 fafy ¥ gata w0 9RAY (fluid frictional resistance) % ERT H=L AT
(magnitude) 1 R~ F far wen 1 35 Fafr 3 e 3 i 1 3 91, R 5 S

FOT 9 A S | FEE I AR, 39 S fd F @ ® 8,3 a9 % ron ot g

T FT TR WA F R TH1 F FROT B 21 FR-FR @ TR i $9 29 We (dash

pot) % BRI ft FIH F HWE F FA fFA T FHA €

8.3.3. W Aqufed & (Free Damped Vibrations) 374ar a1 raweT (Viscous Damping)
s wfed T ¥ sra SR-¥R W F1 AW (amplitiude) FH Far T € SR FT T

M N Y 8 I 2| Gerawy FwA o gara @ 9 g

39 WA 1 WY@ FR FRAY (resistance) 81 9Rgd #.78 qfaly
g AGaT HEAH (medium) 1 STE0, 3T F T A1 SR THOT Spring Damper
(internal friction), 29 uie (deshpot or damper) 394N 3T FFH K
e gfwdl (damping devices) F1 WiHRId FHE Erem 2l L
fa 8.13 & TH T FI1 §TAH (vibrating mass) T¥HET AT TSX C%T 1
%lwmm’r@wwﬁmﬁmgw 8 foim =1 g|a 55 {0 m———" R
foT U g AW ¥ 95 21 o A T FHA ST (damper) ), T {
coF G 9GS % WeA o g SeRda e T 1 4
aﬁ,m=ﬁﬁjﬁmwaamﬁ| f,a_“_"l":
S = foim. 1 gl

x = Z9EMA (m) T A0t 7eq feafa | ¢ T9a & 9 forr

& = eifas faearad (static deflection)!
(= 31a9ie® TUIH (damping coefficient) a1 Ve = ufd gfve

@, fave W oA A 9,
, e .
C e = 7 & (damping force) A1 NI 5/ (frictional force)

2
mﬂ_’f = @0l gfg 99 (accelerating force)!

dx
&x = f&im &I (spring force)!
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frg W A A T F TGO g T weon (equations of motion) :

2
md—-=—|:Cx£+Sx:|
dr? dt

d2
il m—+CX£+Sx =0

d® dt

d

q —i+£><£+£xx =0

dt? m dt m
7 T fgomda feshferael @fietor (second order differential equation) 81 391 39 T feilt
e T g e SA1T AWeS 7Y F FEA (single degree of freedom harmonic oscillator with
viscous damping) t A (frequency) F1d F3 & fere fean wman R
e (i) F T & T R @9 Rt @ w8 —

2
(1) s >(2iJ 3ueT 41 Ere 2ffdT (under damping or small damping)
m \2m

2
i) 2 =(—c—] wifaes  fRtwe 3T (critical damping)
m

2m

m

\2 ,
(iii) =< (2i Af a1 afeR a1 @S St (over or large damping)
m) ‘

§

L=< [L\ = #t 39 Rufy #Y 3weT RAT (under damping) AT VA $fdT (small

m \2m )

damping) F& ¥
Tg Afywan aRiE et el
T eEE ¥ T B £ e atvet fiim A fy ¥ M (simple harmonic) B ?l
| %9 %I 1 ST (atnplitude) - FH A T R A9 FS FHY T FEfd & IS (inertia)
% 0 wiger, feafa T @ W 21
T YHR F-3Fanifed P H 3Mad Hie (time period)

T,="= — .2

Grﬂ\/i o, ?MT—-a
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T e FW # omafd (frequency)

"d=_=

S

_(_c_
m 2m

Ty

2n

...(3)

IL i=[i]2 T W 39 feorfy Y whifees o fndener SR (critical démping) 71 T
m 2m ’

W 3TEHt an ardftfifyaa f (aperiodic motion) FEX € FAIfER HHAT a3} angfa (frequency)
I et |
To el v @ ST Tger s A 9D o o 21 s ArErE A FEA T F

SIFHWWmﬁwwointer)mﬁﬁm'ﬁmﬁ%@mmgli m
FE AEES B B

méﬁﬂﬂ%mi{i)z

m \2m

="y S —(2m)? Rl n =% Ht MFfdah A
m
iRt 2ftdm 2 £ o
2m

m \(2m

aaT fer r FTET A ydifREifes i (aperiodic motion) FEa #
7oy defy dR-oR ol Sgem feaft & on Sl @) Fe Y aher S feafy 9 sgeEr ¥ T B

2
m. [ < [—c—) , TV Tt 3 Rt &t ey A fvaw an st R4 (over or large damping)

= smam

Jrvifed &7 (Undamped vibrations)

mﬁwmm?ﬁﬁwm&w&awmﬁﬁlsﬁhﬁmm%l
T FEAH A ¢ =0 B 31 T 2 99 3 @ oyifd I W s w e (time perod)

T=2n\[% ' ...(4)

91 Efd (frequency),

2 |s
n=— P

2n \'m

.(5)
78 W § 8.2.1 WA FH ¥ e W@ Wby F @ g 8
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8.34 =t AT T& gorarantul (Transmissibility and Isolation of Vibration) :
(A)WW’ﬁWT (Transmissiblity):

77 90 © 6 v U srafem (unbalanced) 7¥f # Ha (foundation) W @& (installed) FX
fean I ® TS AT A W HA I TR R1 S wE F) 7 2 2 F forw 1o 3 sra=fera i aeh
(Unbalanced dynamic forces) ® W Ft g | mfwm 7 N 2 F fow wi= # for;, 2o
(dampers) 3191 fHE 3T oo Yoot weref W Tenfi foen St 8, St fR F 8714 (a)H SR
%I IF cos ot

& 3% farlia Ak feft s (support) etgat e ¥ arad T
(periodic motion) T ¥ A & f 38 W fewt WA vE fyww W
Rfid & SR 31 A o M F TR FER TR F o7 B qrOTEH
(Transmissibility) FEd Bl

v o3 8.4 (a) ¥ weRfa frem | wd=a #t w Ffz (one
degree of freedom) T HHT 1wl 31 Aol T Faw TR a9 = 7fa
&= 3 forst 8.14 (a) FwT gaaFHIT

Tl T 9@ A K A 2 9 Th wiorn (99T M) e 96 Feosor B S
T R YA fora s @ et w5 gemmm o @ etk mw 9 wRw (stiffness) It o @
A (supported) 8 T4 oS fEeR #MuR (fixed ‘support) 1o (foundation) T w1 SHT Hga
swvie (dashpot) T FEiT & wemm ¥ wRfEE B 21

" Ui U S (Fp ) TG TR T A (F) F 31T i Fi T i UTETHEIEET (transmissibility
of spring) 3T YUAFHIUT T[UT (isolation factor) NLET YRITH=TET U (transmissiblity
ratio) F&d 31" W ¢ W WeRfa. =@ ¥

“The ratio of the force'transmitted (Fy) to the force applied (F) is known as the isolation
factor or transmissiblity,ratio of spring suppport”.

| 5
Az

IR R T SR (Srer) WA T § ¥ qw qeie s faven w1 ol e 5 e @ @
%%mﬁmww&ﬁqaﬂmmwﬁﬁaaﬁ%lmﬁas.lz(a)%w,ﬁﬁmwmw
A= R & et w1 wftomd B 2 —

(i) ol =1 s st = S.x e
(i) ¥=7 (Damping) & = C.0ox .,

Fert 8.4 (b) & a1 foim wret qe T oo e o B ¥ éwa:aﬁ'mqﬁmﬁr
TR W (F7) @

Y

®.-Xmax

Cc

Fr =+/(sx 2 1 (C.ox 2
T \/( max) ( max) m8.14 (b)
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DI
FT =x|mxm
Tl TR (Transmissiblity) g _Fr _| Xmax- st +clot
. F F
IR TR T A W@ C =0 i
™= T = | Smax
' F .. (1)

(B)Waimq%‘!ﬂﬁiﬂl (Vibration Isolation)

& ' F srargfea sl & i W TR (transmit) 8 99 % SR G ¥ FEE 2 2

. ELl
Fel B srgfaw i 2 ok qe-ge f e B 2 e N A e A A Foo sraited AW G
wﬁtﬁ.\fﬁmﬁ AYAl AH HE H TAW A S R) W A A qw We & &= 0 5=
JIFHR (isolating) TRref steran Ffeal - STR A HTH FETNHT i A R S 21 fFE g
I H FEe SHH TR W A S

ITEAVT 8.2— T SHele(ay T &1 =€ 55mm T & 300 mm ¥ 30 @ ft w
110 kg &7 fug (body) TR &1 ¥Toe % e 1 S A (E) = 200 GN/m* ¥ 3rgeed Feti of
TRV AT S T AGHT A |

Ta—fm 3—

(i) = (d)=55mm=0.055m

(i) = (/)=300mm=0.3m

(iii) E=8M (m) =110kg

(iv) 7 T (E) =200GN/m* =200x10° N/m?

MR T ST e T &The, A =E4ar2 =1‘-4(0.055)2 =0.002374m?

w R 1 e ST (I)=£Zd4 =6%(0.055)4 =4.489%10”" mm*

1. 3T Ed T Wl WIHfah gty (Natural frequency of longitudinal vibrations)—%" STd
¥ fr e &1 wifae foaearaa (deflection), '
: Wl 110x9.81x0.3

T AE  0.00237 x200x10°
=0.6829x10°m

a7: SEEd wEE W MFHH
£ 0.4985 _ 0.4985

f_ =
"B Joss29x107
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__ 0.4985
0.8264 %10
=603.2 Hz I

), ARV HWA i YT Mg (Natural frequency)—ed 78 it I € fF W"ﬂﬂ
#d F S Y TR w1 i faem (deflection),

6=W13 ) 110x981x03°
321 3x200x10° x 4.489x1077

=108x10"*m

o7 TV FIE H Wkl gfa
7 _ 04985 04985

V& Jfl08x10™

04985
" 104x1072
T 8.3— T YU T = 100 mm T TS 1 m ¥, T Tah fa og a2 gl w@
550 kg &1 Fe Fawent faeeit freem 400mm2/®, ¥ §1 o % uSrd @ qgar Wi
(6)=80GN / m? %1 TIs w1 & Wrehfaes. g FI Hifw
@— (i) YR H =€ (d)=100mm
(ii) IR N T=E (1) =1m
(iii) 5 (m) <550 ke
(iv) foreofa firsem (K)'= 450 mm
(v) Tga1 W9 (G) =80x10°N / mm?
T W ¥, 7 W 1 gt g Mol (polar moment of inertia)

=47.93 Hz I

I = h
32

=T 0.)* =9.82x10%m*
32

VIR &1 7§ FEUA (torsional stiffness),
_GJ _80x10° x9.82x107¢
/ 1
=785.6x10°Nm




300 W % fgre

T g
RURIE R i ST (mass moment of inertia),
I'=mK? =550(0.40)2

: =88kg-m?2
T Fog H WHfys Aty
1
fn St— g‘

2n V17

_ 1 785.6x10°
2x3.14 88

=15.045Hz W

WS-#@WWMM%,W%WW@W%IWWWW
T R 0.3 m =t T TT 90 K g 1 Fomer o & | shearanyutar apetit & e amafi s i
¥ITYE T STH 50 mm § T9T E =200 x10°N / m 2|

TA—fan —

(i) W= = 7= (/)=1m

(i) E=9H (m) =90 kg

(iii) T (4C)=0.3m

(iv) #7 HEiF (£)=200x10"N /'m’

(v) MR &1 &9 (d)=50mm =0.05m

wifta woe &1 fa 8158 wefifa faan m 21 90 kg

1
Wﬂﬁﬂﬁmmmﬁsﬁw,1=ad4 A 10 1
=T (0.05)* L°‘3’“—+__ L
64 ||= m ﬁl
=0.307x10° m* fors 8.15
_Wa’b?

w fag ¢ W o freme, 8=

90x9.81x(0.3)? x(0.7)?
" 3x200x10° x0.307 x1075 x1

—2.11x10%m



AR T H THF sy £, = o0
BV

04985

J2.1137834x107

_0.4985

©0.014538

=34.28Hz

w301

I

TTET 8.5— T THUTEr Whe Y, Seaters v Rt = 60 mm aor R G R TG €,
¢ REATTER SR T & R ehed @ g 560 kg &1 argded @ el we w

gt g A1 A E =200 GN/m? #1-

A—fm —(i) R F =W (d) =60mm =0.06m

(ii) ESF9H (m)=560kg

(iii) @ A (E) =200GN/m? =200x10° N/m?

R H FTIET FE H &I,

A =%(0.06)2 ~2826 X102 m?

I= g’%(o.()@4 —063585x10m*

(i) srgeed wwa B Wit g 7_
afg iy <M T 1) 1 FeHA|
(m —my) = TG 1 TS [, 1 SHAMI
mllﬁmﬁﬁq@
Wl _mgh
'"UE  4E
TS [, i e W g
5. W-W)l, (m—m)gl
2 AE AE
mﬁlzii mlgll___(m—ml)glz
* TA4E AE

Ha: myly =(m—m)1,

my; x0.9=(560—m,;)x0.6

LU iy

1 09m

lp 0.6 m

AR T T HH iy
fa= 8.16
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1.5m; =336 -
q ml 2224kg
R TR gl
m gl 224x9.81x0.9
'"TAE  2.826x1072 x200x10°
. =3.499%x10%m
T TR T *) R Tt
0.4985 0.4985
f" = — _6
V81 [3.499x10
_ 0485 _,66.5Hz IW
1.87 x1073

(i) RIS T Y WreRfa gi—aH SeR-e, fF T W St 2 Rl W ag € aw i
NEM AT RI @A F b W fagar o 2, H Sifvs foreamaa—
_Wa’h® _ 560%9.81x 0.9 x 0.6

o =
3EIP  3x200%10%%0.6385x1070 x1.53

=0.669x10m
TR FHERL A, T ot
0.4985 0.4985 0.4985
[l - = ~19.27 Hz I
¥s  Joe6ox10 00258

, ‘mﬁiﬁ EFFT—?I V(mechanical vibrations)rff 3?1"131‘[ HEITHTE‘TEf %7 -
FiAh HEA FH FAIRLO FHifS
W= k¥ (free vibrations), & A (forced vibrations),
a9 ® 9fiwifya =ifsd

4. 34" (longitudinal) T=HING (transverse) & TAE FHA (torsional vibrations) = fasi wfea
R EEIER]

5. a4 313?91 (longitudinal) T w==HIvg (transverse) wrA ¥ o
frequency) &1 Hgeq fafs ¥ =9 == =it SHAH FM (natural

6. aﬁﬁaa@hmﬁww%m%nmaﬁm@,

fYa e (damped vibrations)
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11.

12.

13.
14.

16.

16.

17.

18.

19.

20.

Ho9 303
TqitH F F B F F HRO (causes)%ﬂmmmﬂmmmwmgm (harmful
effects) 2 (U.P. 2008)
i O ¥ gEtud e qE Fﬁf (technical terms) 1 YRwfia HifA—
(i) T IR (time period) (ii) S (cycle)

(iii) 3Ef (frequency)
S A CﬂTﬂ?fW (vibrations absorbers) =1 27 fafa= weR & HHA AT B AR

<l Ii' % F EANEH (organic vibrations absorbers) ! Te N wfiaes Fo0F AFGS! (metallic
vib?af,ions absorbers) &% = @Y T Il ¥?

ﬁﬁ‘;“ fafy g o7Red F F wiFfaw A (natural frequency) n=—1—\/E 1 e Hcd
mg, 2n\m
memmmwmmnﬁmwm—

d’x oo
dt: m
7 ] TOTTAT (transmissiblity) 991 JUEERT (isolation) F WET H quAEA|
FA ¥ gEfyd fre v 6 aftam dfsR— (U.P. 2010)

(@) ST WY (vibration absorber) (b) IIFHIT (isolation)
(c) ik STaHSA (critical damping) (d) 3Twsi-2fm (Under-damping)
(e) 3 2fEM (overdamping)
mﬁaaﬁﬁwﬁaw@mmﬁmﬁﬁaﬂ?—aﬂﬂﬁﬁfaﬁﬁ?wﬁ%wﬁﬂm:
A (U.P. 2009)
waﬁﬁmﬁa@qmwﬁmaﬁmﬁma@%mmﬁﬁﬁﬁﬁm@n

(U.P. 2014)
TR ) wEd & e H fgEr fF e e a9 HTF (free torsioal vibrations) B IEaRED
sl (Natural frequency) 3 T ¥q S FqH iy (U.P. 2009)

TF BT ! G 0.9 m a9 75mm £ B TF R W 7% (fix) B T/H Wa+ R | TF e
ufean (flywheel) @M 2 et g™ 1000 kg 3 oft E=2x10"° N/mm? &, @ @a= 7 H
T (G SadeTe §ia it

[3¥R—167.7 Hz, 000635sed]

500kgm%@mﬂ@ﬁfm%m@ﬁ-fﬂﬁmm WMMMT/”

TR T T T 1 Afe W #1950 mm iR 3HE w9 F A A L —o6m

E=2oo9—§@,ﬁw%aﬁﬁamﬁmwaamﬁmw, LA
m I @ 2

(f= 8.17) (J O

[3¥—235 Hz,14.14 Hz] |

& Yoo W F T fR ¥ 03m T W 100 kg F T firr @ 2 A wA 2=08m

¥ @ sy FEA F S T H 6 W F T Im:

W 50mm a9 E =2 x10° N/mm? = smi

[3¥R—32.5 Hz] fam 8.17
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21.

22.

23.

24.

o % fagr=

T Raved 31 T 1m A0 = 100mm #) 3o sud R @% € 9o B RR W 05 Ton # wF

=i wft 21 afk forves w1 wemERT Ui 9 08 28 @ foqves # IR aW AT Fop
Tl A i O 2 x10° N /mm? &, g

[STt—282 Hz,122 Hz] -

U 2 m T T 2.5 cm W TF ¥ 250 N wR wew @ 1 9 F IR TG AR G GH I
FE Bl TN T FTY T 5 219 1 e i 2100 N/mm? 21 (U.P. 2010)
[F—221 =%/R0] ‘

ﬁas.wﬁﬁaﬁﬁamaﬁwmmﬁmlmﬁr%mmm?ﬂﬁm

[ 458,
TJA— 12
[3 SraSom ] (U.P. 2015)

FHint:ﬁ:Si"T A =W
foim () ¥ s =w /2
SSHHE (m) 1 fad9 = faim (1) # faay + fom (2) #1 fagy

W o1 w2 11
d=—+—, = —_—t—
S 2 8, mg{sl+482

45, + S,
= mg _—
48,8,

FH MM o, =/g/0 =‘/_L

48, +S;
MEN—S—7

[Fer— | 15
, 4(S; + Spm

\J (S, +48y)m J

ﬁas.mﬁnaﬁriafawqaﬁwaﬂqﬁfammlﬁrﬁﬁ%waﬁmvﬁm

Hint : ¥ fam & v —ow
S () F fagw s=2 [ (1) #1 fagw + foim (2) @ fadw)

=2{2W N 2W} =4mg|:M:|

S; S S; 8,
FE AEN 0, =/g/8
s g _ 5,8,
‘/4mg [_Sl + 82] \/4’" S, +85) =
i 518y . e 8.19



e qUT
Fe—af T F IW A A T v A A TOF T F BEE QA B ' F

. () WS sheh TERR § o0 g1 w0 3 oM@ W & fafa @ avfa S
(@) Wi ¥ wRE fawen ® sfvers S qo wwEEdl

(W) TEEE F R B fiere S qw T FifNa IEE Em Fl IwE Fial
[2%5=10]
. (31) (i) TR wE R? e frifia e S SeheTel qeemsdl (5]
(i) fer qen ioefier o faveiww ¥ a9 o1 wugR €2 Sfaa SewlEfEd wEeEd (5]
a7
(¥) TS TR F TOE WMo B OFFEE 1.4 R ?1 98-k A F el & ogensll A e
100 fasf. 31 Sofh wia & o R g1 F = 50 {1 ol e ¥ 99 W A B

ser W g0 80 farf. } A F ol F =en aw sHferwan swfem www: 75 fud. [

112.5 fasft. € sifusran o wfd, =Faas @ 1R St 300 rpm ?, ¥ 6% e ® @ W
Fifaa|

(i) S 1 FEOR qdql
(i) & M * Yo wRaed. frem, 90 fA. & @&, wa wfa

.(a)(l)@%{vﬁmmﬁmwﬁwaﬂaw%7wﬁmﬁamwma%%
R

(i) wfqr o 7 GgeE G AR IEl HT Seor@ HeA)

(3) T W W GG WA T T | o Hed /A, F 9ol 1 w® 21 fad = sowm g o
A P A EA R vt dd Yafeha fafid @ g

(¥) 9o gt 9fed TF TR FW H TEiEd SRS 99 39 fafw i W Tmifea St

[2x5=10]
(A IE TR ¥ FH o F R e o favemers vl ¥ e fade @R et

THER F HY AT Y favomonerd wsfa H samem wited

(@) ﬁfw.m%ﬁmﬁahtﬁﬁaaaﬁﬁﬁlmﬁﬁﬁmﬁ@mmmmamﬁfww
H AEfRT Hifedl

(H)ﬁmwﬁﬁwﬁﬁm%wwﬁ%’mwﬁmmaﬁaﬁmmﬁmw%mm
I HA

[2x5=10]



306 WY ¥ fagr

5. (31) FH 57 FRON A B 2 FW F FH-IH A gEE 2
(F) wfFa & qm s frism w faaen A
(V) &1 & W ¥ frifea 1 gemE
(i) w9 ® @dd @ g9 S
(i) R womeht &1 s
[2%5=10]



