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When o bodla/ moves a\onﬁz o cu~rved pa’r’n with o unfﬁ;-rrn

linear V‘l"d‘hf. a fowca in 4he diveckion o:F cchhipcfa\ occelevo-
Hon  Cknown os Cﬂnhipc-lo.l acovcc) has 1o be aPp‘n'cd ﬁIJrcmﬂ“‘{ |
ovey e boa.{, so that it moves alom{ +Hhe rfccwi-vc.d P&‘gﬂ

cu~xved Po;Hw-'This external Jco-fcc. a‘:[:h‘c_d is known as acHve

force.

When o bodlz/, H:sc.l;{ ) moviny with uﬂ?‘(wm lineoy
EVC\ociJn{ o(ony o civeuloy Fxﬂth, il 1s %jccti 4o the ccnh;{uaa[
| force is colled weackive

J(o'fc_c —fo.c‘:a\\u( outwosds. This "-‘“J"*”(“EI“ . kit
c 15 'tO l

‘{W‘-C' The action of the ~eackive oY ccnl—-r{-fua—ol "4”‘:

{

Io'f move Hhe boJ-{ along —mdialh_/ Ou'\‘wafd divection:

Whenever <he e.'f'J(ec.{ o'JC amz( fO'rcc ov couP‘c: oveyY °~mo\r'|ngz
deved it should be with -rc:srcc-{;

no{ with 'resf:ec{: —H)ouf:l—fvc

Kad 'fo-}ow@inaf bocl\{ ts +o be consi
j+o the ~eackive fovce of COLLP\C and

| fo\(ce. oY coup\e.' sF'm ox1S

G\y-:osco':«'; wilf

—rc.5'|s{, movcmen{.

in dhese divecdions
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} e nnjulo.v accelevatton s the vafe o.‘f c.hou'\ge. Of
|
[
l

L angulay velocidys widly ves Pc.c{ to time. It s o vector quantity

J

nﬂd mm(’/ be Tc:[nrscn{tc( by C{""‘“’"‘g a vector dm_g-mm with

)
the hc\fa of '\'fah{ and Scvew vule .

\

. \A W \
D
L0
(&)
\‘\('\.DJ ‘ \i\‘)b
o

N &e \
o — —_— N —
7 y e piecHoN
Aris ol 5

of v.’cm!ngf

()

ta)

Considey o disc, as shown {n F,-a. (), -YCVolvina’oY 5P|'nnu‘n§,
oboul -the oxis Ox ¢ known as axis of spin) fn anticlock wise when
seen fvom Ahe fvont, with an angulay vc.(oci-lt'/ W tn a planc ot
angles 4o dhe papev.

After o shovt infevval of Hime &, led the disc be spinning
oboul the new axis of spin 0x' Cat an angle §0) with an angular
V-:loci-l-td/ (W +38u9).

Uﬁir"a’ the. 'vl'a'h'l‘. hand sevewn ~ule, inilal an9u|cw vcloci’nj/
of the disc Cw)y s ~rcF-;c5cn3rcd by vectoy 0X; ond he freall
ongular velocily of e disc Cuot &) s wepresented by vector ox!
as shown fn Ftafdb)-

The vector xx! wepresents the change of anguloy velocity
n dime & e e O.V\_C)LL[QY acceletotion of the disc. This Moy’ be

"YCSOlVC-Cl fn-{o two ComPOf\Cn"‘S; one FO‘TC\-\\C.\ +0 0 q Hhe other

pﬁvcﬂditulm’ to ox.

www.FirstRanker.com



dl:f

ir Eﬁmeﬁ'g%mV accelevalion in 4he divection of ox
i

rstr r's cholce _ :
www.Flrgg,R_alrélgEr.coanlCos\g\@,v_\;@ﬁtRanker.com

XY ’
«t: 2o ¢ g >

(W9 + Sw) c0680 — W9 L0580 + SwW 0560 —WI
’ - St

&t

\ ‘l‘i c0556=1
since 80 s very small, %m’e_:ﬁ)w’c substitu 03/

o + 81— _ Sw
o 5t SE

TIn Ane limit | when &t —o

Sw dw
A= Cae ) dt

on in 4he divection pe¥pendicular
COmFOMn’f; o:f angular ClCC-Clcmkon fl : P

to ox (ng+5u9) sindo WSiﬂJB+gw5f£_€9

_'f_"’f-l . ox'sindo : = =
of, = <t = &t

since 6-‘9 s VC.""?/ 5‘“0..“, '*hﬂh’t'.é)fﬂ 5“‘35“41(“1[‘\2/ siﬁ&_‘):&_‘?

wo S0+ Qoo wiéo

g &
(ch\cckny 980, b very” small)
Ta the limit when 6t —o0 \ de
do (- v dx)
o bk %‘;—‘?-_ W Fp = Wp
dt—o

y acce levadion | of Hhe disc

g Tb-l-al m’\jula_
\lcdo{ XX -:.\Icc.-hrl sum ,,;f oL ¢ l-io((_
do. . du +u9.u.9F
- %%*U ot d
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e SPiN obout o cextain axfs, which is Ff-‘fpcn&i(_u[av +o +he
Plane in which the oaxis ma Spin is join%/ Yo ~otate. This

anqulay vc(oc_'l-ha/ of the oxis of spin Cie %_9%) {5 knowon 4
b% u%p: “The

; . 4 is denoted i

ar_\au\ox vc_loa-l-v{ o;f Fa'cccss‘on on

A 1o known a3
axis, about which -the oxis oaf Spin 13 to twm, is

e axlis ot spin

e o%uh‘( noton o

oxls of F'n‘c.usston- Th o @um
. (5500 a
nown @ P¥

obout  dhe gy of rn'e,c,e_sﬂon 15 K

moKon »

i

| The axlis of fnccess?or\ 15 Fafptﬂ&icular Jo ~the Flcmf-

0 which 4he axls of spin s goiney to ~otate
If +he mguhy V:,L,,d{.,,{ .f the disc Temains constant

0 %el’\ éﬁq ;5 26-—"{0/
at oll posidions of 4he axis of Spin. dt

and thus o, is Zevo

IF the arlgu[w( Vc,‘od'l-»)/ .rf +he disc C‘ﬁar’\ges e diveclon

but vemains constant 0 magnifude , Hhen angulan acceleration
of the disc 1s siven 597
oL, = 3t

Th lay’ ¢ celexation ole 15 known 4% gy SCOpIC aceele —
c angu (7N

'm-h on.
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Lo n"\M VALK
g ! 0 \¢e.
o i (:“U\' .""
Hmf\c of ! i’\” . \ﬁur . .
Y ‘} Pl L\n’mﬂnaf ! ) /
T e ) o 0 ] o i o’ e 58
—-I e
| | // A
| ' | d/’j l’)()r
' ) ' 0 S FAEAS— = "I
N Axis (,:( n(_\iuc| : P
I .
J\/To’ Cour‘cf j“"""' L ,_,'_]. P N T — “""";T -,\/‘“. (”“""
I
] fw ' \ | 1'1":-\:::-,{.!0(\/ o (b)
A’I:‘S > - | precesst,
o . P - v | y ’
F-{(,CCS‘D‘OD - |- F {
o = 69 v(:_ PR 2 W
< : 7~ Yoee |e
P 4 Axls n:S . Mhvec |mn
» 1 spt0 DisL vie minz/
7; AGS ai
“fcactve
Hyro. cour\f ()

| Figs Gwy‘in_sca(ifc. Cou Plc
Considey o disc sp?nmny with on arlgula'r vf'»(oci‘ll-}/

W todfs obout the axis of spn 0%, In amli-clockwrse divection

= . ® :
When seen from  the front, as shown 10 F\fd’m) Since. the PI“""-

: \ 072,
' whick the dise s ffo-}m[ina/ is patallel o the planc Yo2

therefore s called plane of 5]“"“"‘”3/- The

d the oxis of spin 7ofates in o plane pavallel o the

P|anr_ %02 s o hoyf-

Zontal P [ane an

haﬁizoﬂﬁ\} F‘ah& al:ou[, on  axis @AVE

Tn other wo*(cls, +h
oxis O0Y Tn okher wo*fo(s,*l-hc axis p;f f,[)rﬂ %
an

e oxis of spin 'S said to be 10-[11.“,\3, Py

FTOCC 55’(\"\3/ QL)OLL+

Su'icJ +o be Wo4n4-1ﬂ2/ o~ PTOCC 551,-\3/ abow
d o2) ol an ‘m_gula'{ Vr,'oc.[hr

L an axis oy (which S

Pcifmndfculo.r 4o both dhe axes ox an

i 'mcl/s- This \r\ofizo}\lral Flmc w072 5 calle.d planc of PTCCCS.‘-i‘m

and oy fs the axis of precession.
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u = Ar\ﬂulw{ w:\od-l—va/ of Hhe disc

Av\julo:( mOm&nJrum af the disc
=T W9 5.(
: Aheve Jove
Stace +he angulan momentum 15 o vecto? ‘?/mnlﬁ-"‘f’ =

in Fig-(b)-The
it ’“ma/ be TchCS&ﬁ-[-:_d blj/ +he vectoy ox, OsS shown J

. 5 +. o when seen acmm
axis of sFTn 0% 5 olso "YO+CL""I(\2/ cmlﬂdoc,kw'ﬁ

the +OF obout the oxis OY.

ed i "he plane *X0Z Hrowgrh

i5 turm
Let dthe axis ox e 7 sl

i o*
o small angle &0 ~adians +o the FOSlHOﬂ [
cons-hm‘l:, dhe anguloy

. b
ASSuminK “the O-ﬂju\m( Vclocrl'v.r w +o be chﬂ ODC,.

b Ve
Momentum will now be ’fc-f”’C5€n‘\'°A "()’

Chanje. in angulo:( momen-]um

- ox'—px = xx' = 0x &0o

T - 60

I

ord oty of d‘\ar\\jc of aggudod momentum
8o
d¢
Since the ot of dnavge, of on_gulo:( momentum will ~wesult by~
the oppli cation of a COLLFLC +o the disc, thevefove Hhe cou.rlt’-

= Iw;(-

; . : ~vecession,
cxPFfQA +o +the disc causing” pPres | ( ﬁ%—-wp)
§0 8, - T.19 w
c - LrTwwx—=-=IW — =
&t >0 * 8t dt r

wheve ugr: Ar\_g{,kl_a_)\ vcloci-L-?/ OTF FYC.(.CSS{OQ ogc Yhe oxis o:F Sf:ﬂ
or “he sre_ch oF vodotfon of -he axis of S pin about

the axis of Frccc.jsiof\ oy.

- d L
T e —the—cmits—f—e—is—N=m when T 17 70 kg-m
. ‘ »
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. P A unform disc of diametey 300 mm and of mass Skar 's mounted
son one cnd o{ an arm o:( |cv194h 600Mmm. The o*hzf end o;{ +he avm s
Q.chc to ~otafe i o universal bcruing- Tf +4he disc ~votodes oboul the
om wilth o Spccd o‘f 300 pm- Clockwise, loolu'ngf fiorn the front, with

what speed will it precess aboul Hhe verdical axis
Sol - d= 200mm (oY) Y= 150mM = 0.15m™

™ = Sk‘ﬁ/

{ - 600mm = 0-6m

! 271X 30D
» QNN ~AROYY 2, sec
. N = 300 —me (of) W - e - <0 3l-42 —YCLCJ/

we know that the mass moment & inevbo of Hhe disc, aboud

on axis 'H‘wouﬁh its cendve of jYOVI"lr'LJ/q peY Fcndfdulw\ Jo the P[anc

of.{" dl.SC
’ ; P | 2
L = -E ma - T-’(SX (0‘15) = 0.05¢ g-—-m’l‘

and coU.P(c due 40 mass of disc,

C = maL = SAPBIX0-6 = 2943 N-m
Let Wp = Speed £ prcce ssion
we know +hodt CouPIC, C = TWwp

26:-43= 0.056 % 3\-‘-{2-3(LL9P

Wo = 14.3 ~rad[s

www.FirstRanker.com
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b 4
Left +uan 3 -
- A5 o -
S51
Y,—YCCC
DiecHon of [(9)
\ v?ewir\?f o Atis of
" ) ) ) ’ ‘ 5910
Cow oY F—foFQUCY L
4oil end AXVS o4 acdive
2z 5‘f‘°"°“Fk

-0 - COU lC-
Aclive \Eﬁ f 7
couf\x plone. \
° .'.F ) F’Oﬂc

o
O .
— Spin )
T
PYeLession

Front view

Fia/'. ACTOP{CW')C 4’0“0(}/ o lr_‘“: +uvn

- The op and Front view of an ae:ror:lana ave shown in
y " ;
Fia'-.Lﬁ-L engne ox F‘fOPE\\cT 70'}0:}:5 tn the ¢lockm|s¢ direction
ok
when seen :From ‘he ~eaxy oY -\n‘t\ ernd and the o.e.-rorlcme es

a tuvn 4o dhe left

- W — AAgu\oL—r velocity od the engine ™ ~ad /s
m - Mass of e en_gincwand +he p-roFcllr:r in k?
k - Rodius of 3—‘/'fa’r'ton in meters
T Mass moment of Terkia of the engine and +he

propeller in ka-—m“’ = mk

V - Lineax vclocf—hf of +ne ﬂﬂ"!foplanc in m[S

R- Rodius of cunvotuve in meders, and

\4
Wy — Af\gudow Ve.loc.i-lg( oF F‘f“—’Ct’-ssfon = R '“"dls
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C = I-u9. UL9F
p— %

& ° de
)4'

50
o v
Q) AcwoFlon¢ -{-clk:n%, [eﬂ_ 4uvn b) Ac—roF'anc -}u[:fng, ’”'a"'\"”. furn

F:a,: Effccl: 4 Fyroscopic ‘°“‘P"- on an ar:raplanc_

Before hkina/ the left tuvn, the angulay momentum vector
fs vepvesented b!d’ ox - When it dokes left tan, the achve gyvoscopic
couple will change the diveckion of the angulo momentum vector From
°x to ox' as shown 0 Figea). The vector xx!, in the limit, veprese-
ots 4he change of angulay momentum v the ockive ayvoscopic couple

ard s pevpendiculor o 0x- Thus +the plane of active gyvoscopic
couple X0y will be Fe.—rpcndic_ulo:r +o xx! fe vextical in this cose,
as shown N F.‘?fcb).

By aPqudfn?, .ﬁa\n{; hoand scrvew ~wle o vector xx! we find

ot the divechion of ackve gy~oscopic couple s clockwise as shown
n Hhe fyonl view of Fig. Tn sther wovds, for left lhand duerning.,

: in the axis ©
+he Qc{-{vc 5\/‘105(_01:”(:_ COuP\e oN the ae_woPloan N l

be clockwice as shown iN F'ia- The veackive gyToscopic couple
ch/ua\ n msn;-{-u_clc of ocdive gy‘(osCOFic CouPle_) will act in the

. : +he
OPPO-‘ﬁLc divection Ci-e in the andi clockwise divecHon) and
effect o this CwP|c. 'S, -an:rc{ovc, +o ~aise ‘he nose and

dip +the tail of Ahe acrolalcme—

www.FirstRanker.com
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vodius, fowards e fVhEFRAgtepont 200 WHIRISIRENKEARID engine

ond the propelley of the plane has o mass of Loo kg and a vodius
of ayration of 03 m. The engine ~otodes ot 2400 ¥pm clockwise
when viewed Fom the ~eax. Rnd 4he 9ysoscopic com‘:\c on tHhe

(X\'\’C‘TCL& and s—‘o:{rc s (’_‘F‘Fcc{ on it-

R=sow , V= 200 kmph =556 mls,m=uook3/
otN | 27N 2400
k = 03 N = 2400 ~pP™M ¢or) W = TN » ~co

W = os5iyred [s

we. know Haod ™Mass moment O'f TnerHo. °3C'“"e' engine & -thae
P’foPel\cw’,

T = \‘ﬂ\ﬂl e HOO % Co-'b_)n" = 36 kj—m"‘

ond avybdcn’ \/&\Dcijn.}/ & p¥ecession,

il o R2E0 . g
w‘:_ B 50 = |\ "fOscLls

we  know -\—hwl- 9Yy¥o scopfc ccu.‘blc ac-'hﬂcy on Hue ohrc:*roJCt':
c=Twwp = 36 K25y %\l = Jpo6 N-™

When the aevop\ane. turns towards \cﬂ:, the. effect of Hhe

SY~¥osCoplc cou?\c ts 4o lift the nose quosz g o downwoxds .

%) iR www.FirstRanker.com
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Ste&.ﬁng/ s the +w'nm3/ oaf‘ Q comp\d—c sh‘.p n o cwyve

Jrowodds le_'F{: oY 'Y:BJWt while it moves -ﬁrfwoe(c]. COﬂSic‘C.T +he SHTP
I+o\<m7 o left +uwn, and ~oloy ~otokes tn dhe clockwise divection

when viewed fvom the stexn, as shown in Fug« The effect of
SY‘:’OSCOF’\C cou‘:’\e oN QA nav(ﬂ shiF awﬂn%/ 5*’1:(’::1(\3/ h\ctng |c.'F‘l:
ov vfah{ +un ma?/ be obtained in +he simitloy wm?/ as fov on

O-t’:rolo\ang. . 2

i . Cou ’c
Axis of Precession & Axis of ackive 9YTOrCO4f

7| e 8¢ X3
( Regelive
. \ ayvo. COuP[c
Di~cckion
o \v Left tumn
viewin Longl-mdnnal ! /—\175 of SPF(\
AIIS K

Stern Aclive ayro.

C Reox end) k\:@:/w ‘ Couplc.

Fig: Naval ship -Fu(cmc{ o \eft uvn

When +he ~otor of the ship ~ototes in the clockwise dtveckion

when viewed Jdvom the stevn, it will have its  angulax momen +um
vectoy in the diveckion ox as showan N Ffav-ta)- As the SHTF
il change the

Sheers 1o the left, dhe ackive gyvoscopic couple  wi

\ l—o 11‘ now
ox'- The VeCLt1oY
c\ngu\ow momentum vectoy from ox o
s F&-(Pcndfculcw +o

"“3F'f€5en-l:s Yhe ackive Sxi-foscoi:fc cou.F\ﬁ oand

: le ts pex endicular
ox - Thus “he Plo.ne of ackive 9yToSCOPIC coupie P
c,'ﬂ: homd 'h”"')

.o o0z fov |
4o XI‘ and rB dn’cc-hon mn +he oxi

Lve oscopic cou;:la
1z clockwise as shown in F\gr The “eOoC SYAS P

jee. T
o the same moﬂmhde. will act fn the oprosulrc divection Cirer T

L £Ldes ~eackive 9yv0scopic couple ts ‘o ‘

r
anficlockwise drrcc-hon) The e3dect

~alse the bow & lowewwwhkirstRarmmker.com l
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o

At

e

Q

B

(o steering do dhe left ) Sheexing +o Hhe ight

Fig- Effcct of gywoscopic eomplc on a naval ship duxtng steexing

www.FirstRanker.com




l~|
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otna comple d down

F’i’rc,\r\‘maf ‘s +he. movement o Te shiP up an

. : ‘g (Q)-
i o vexkeal Planc_ obout +ransverse axis, as shown in Fiy
F—rc.cr_ ssion: The

In this case, the ransyerse axis I's the oxis o:F
' imple
oF the ship Is assumed +o toke P\tht: with simp

pH‘chinaf e
N ans—-
‘e of spin abow
haymonic molon fe- the mokon of the axi P
Vexse axis s simrle Normonic-
/
J, L~ ;
/ -
%ﬁe Axis of spin
~ \6 .y "_‘} _—
\\
= wpmx
TYoansvevse
Axis
Q) Pl'-lc\'ﬁnaz oi‘ o naval shiP
.
x o -
56
@
|
| 89 L ’

b P'l-lchu‘n%, UP“JM& <) PHCH\'n?/ downword

Fi%z‘. Ef{ccf; o']( SYw)ScoFi‘c COUF[C on O naval shi

Angular dTSPlacemcn{: of Hhe axis of spin £om mean posiHon

p dux fn? F? #chfng/

a—F{c:{ -Hmc + scconds.
@ = ¢ 5:\’\LL9| "{:
- whevye qﬁ = /—\m?lﬂudc o§ swtnla/ {»e. moaximum ang(t +urned ac;’bn')
+he. mean pos‘\l-ron in 'mdfans

WS, - Angulay \/cloc.i-(«a' £ swm

= — - 2T ad/s
Tme Fewr\‘od F sHMm secords +.‘P _

L\9|:
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\\\\

A‘n_gulm/ V@[od-l-xx of precession,

do 4 £ -, duo, cosws,
L\.9f>= g{‘ = d—‘t (¢S‘ﬂl—l9| t) = ¢ / |

' SIS » A ¢ cosw9, £ =1
'—TC'\Q ar‘\\su\\ay thloc‘i'l”{{ OJC P'{CCC’.SS].O“ Wln be MOL’I.Imum, IJC o |

A Mootmum ,o.nguk\mr Vclocil—u{ o:F VP_TLCC‘SS'OQ |

- 5 27
WPW‘—¢LL91'-¢ .(:P,

1

Let T 2 Moment of inevdio of the aodox in k@‘"”L
Wi Angulax veloelthy of Hhe votov in vod /s

Maximum  ayvoscople couple,
Y P i

When “he pik_htnj/ '5 uFu.)oc(C], the effect of the ~eoctive
IYMescopic  couple, ag shown 10 Fig by, will 4y’ to move e ship

toward  Star- booerd. On the other hand, f the peiching s dowawad,

the effect of 4he ~eackive 9YTOSCOPic coup\e, as shown in Fig CC)

is o tuyn dhe S\n'nP towaxds ?014' side-

~ - 1 e E [P SR at.imaA  mam

www.FirstRanker.com
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Sol!-

Land .-l}\cc'cl nj 2100 WWWHIRSIRWWGQM o '"."WWW'FJ{SW}KQ&ROW S M

‘ . L = { -
“uvl ar.‘{nh‘:, o clockwise C“"‘fdml) when v-c'mr..cl 3om the f,\mr\- fmA

2

the ‘fgyﬁU:;(()P;C ('.({r_(-(_c i dhe 50“0[01113- CO(\clHionb:
- The :‘;h‘ui’ sthlg ot o 5()CCcl o‘j 30 kunlh or\A ':-)‘CC’I'S 10 4he \C{'L n

a Clevye houf(\a GO™M 10(‘:&5'

20 The tsh‘\r p’rid\czs ¢ obove and ¢ below ine hotizontol fzc)s.lnoﬂ
- g . . : k) we
The bow is dcsc('ml'.v\r‘)/ with i1e maximum  velocify - The motion d

i 1 e 1 1 sconds-
{o P‘*QL"‘"‘B’ s :‘,imP(c hotmonic and Hhe Pm.od.c {ime 15 20 S€

3 The islwip <olls and ot o cevtain tnsdont 4 has on Oﬂf)k*\w\

i : ewe stern-
\“'-l(lﬁl'{y ol 003 ~ad/fs clockwise when vicwed fyom 6

1 i durin
[)C'(cwm'ar\c: alsg the Mmoximum O\’\Sl.x\(m’ accclcwohon

pHc.h’.mb,. Exrlo\fn how Hhe divection of motion duc do 37105(0[336 effect
s dedevmined in each casc.

m = 5 fonnes = 5000 ke,  N= 2100 Tpm k=05m
' onA _ 2A%2100

=

e g5 60
W= 220 vod[s

l- When +the 5hiP steexs 4o the left

V= 30 kmllv\ = 833 mfs / R=60m

we know Mot Oﬂﬂu\ay vc!ocj-l'-ga/ ,f fr‘cccss\on

Y - %33 ooy vods
WPt TR ¢0 . /

anA moss momcnf; nc 1r\c—f1lfo~ of Ane -(o—hw

i :-mlz' = 5000 CO'S)L-: 1250 kj—m"'
L Gywoswople Couple, C=TWWp =1250%220 %o0-1y

¢ = 38500 N-M

When the ~olor ~odades 1n o clockwise diveckion when viewed
from the sten and Hhe ship gteers 4o dhe left, *he effect i
veackive gyvoscopic couple s 4o ~olse +he bow ond lower the stemn:

www.FirstRanker.com
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stRaNKeEIGOMHches with he bow descending

rstrankErSthﬂgE— s W FirstRanker o ww&rﬁ'rst&asﬂcer.com
- 180

we  know 'Pﬂo.k anﬂulm' Vdocf-{-td’ o:{’ Simpll hovymonic mo"f'o'ﬁ

E - _.9_'1—" P
b9, = tP T 03142 'r(\cl/:s

cch Mmoo imumn O‘r\julogy VC\OC“‘[J’ o:{ Tn’t(‘c.ssloﬂ

- - 5 J ’ lL = 0033 'f(‘-(l,ﬁ
WPy = Ao, = 0:10S % 0°3142

S Maximum 3\/’(0 SCOPk COlAF lC.
Crmax. = -I*wuypwz 1250 220 % 0:0373 = 015 N-M
Since +he -SHF is P'nltln'.n?/ with the bow chCanin(z,, theaefove dhe
C:F’EE_(‘.{T o'} +4his mMaximum 87105(_DPiC. COLLP‘C. is +o dun the S"\'lP {owond!
povt side-

3. when +he GHIF volls
Sirce the ship ~olls of on omju\o:r VClocHLX of 0.03 vad/s,

Hheve fove Ongu\cw vc_loci‘hy o precession when the ship ~olls,

Iwwp = 12250 X 2.20 X 0°03

G\r—w chloi ¢ Coup le ) C

C = 8250 N-M

Th cose oF wolling .,;F a 5H‘Pr Hhe axts of P’lcc‘css\o‘n is ulumw

pmcdlc\ to the oxis of spin {fov all pos'l-hons, thevefove theve 18 no

effect of ayroscopic couple:
Meocimnum oxnﬂbdo:f accele~votion dw\'in?, pi'h‘_lnimb/

O( S ¢Clk9|)1: 0-105 CO"S‘LL'L)'L:_ 00| 'I“‘J/SL

max "
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Left tuwn e

\ A
U.)\‘\C 2 ()\l\ ¢
:i\'\\"c'"‘ \ 7
A l { l.f B

Wy W,
H
. L.
5
8fq, W/

Al -——--1C1J
N/lf W /‘1
73 Pl
o o,

Fibﬂ Fouv wheel dive ”\OVI'\?/ in o cuvved P("“'

Consider +he fouy wheels A, B, ¢ and D of an oudomobile

-

|
|
| locomotve +n1<1n3, a tuvn dowovds left as shown ia Flg- The wheel

| wheels. The
A and ¢ ave innev wheels, whevcas B and D ave outer 5
|

[
OCcrﬂ'-vc of jYavf+tj’ CceGr) of he vehicle lies Vm'lw““‘” above,

|
i
|
(

dhe 'Yourl

suvfuce.
Let M — Mass of dhe vehicle in k?’

W - we_;ght of the vehicle in Newtons =mge
* v — Radius of 4he wheels in mete s
R - Rodius of cwrva(mrc n metevs ( Q>'YN)

h _ DfS'}nncc n! Cf.!‘\*"lc ,;{ j-"\\/”(j/' Ve l'iCﬂ.“t}/ above +the
~oad suvdace th meders

X - Width of tvack Tn medevs

IN"' Mﬂs_f, l“omcq{ b:{ rnc.__{"-a 0{ one. p! -{’\(_ |d'u‘,flfv In ‘\'-')an"l.

W,y - Angular vclu(_'.h( of e wheels o vc.\or.{hr of wpin

i ad(s
www.FirstRanker.com
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We - Angulay vc\odh}/ of 4he 'fO-La‘Hng/ pav s of +he engine
(v ~vod/s

We
6 - Geax ~oko = o,

v - Lineoy Vf.lOCi'l‘y of Hhe vehicle in mIs = U9,

A little considevobion will show, +hat the wcight of +he vehicle
ca will be e‘-‘i}*ﬂ“lj/ dtS‘l‘f”:u{'C.CI ovey Hhe :)Cou.y wheels which N‘l" OC{

downwavds. The ~veackion between each wheel and +he ~oad surfoce of

the some W\o.gf\i‘l‘udc will act upwards, Theve fove

Rood ~ecackon over each wheel

"M
- _I’L‘:_ £ —?T newtons

LC—+ Us now considey the e.'f:rccé o:)(‘ +he 3\/-roswpic cou[bld and
Cﬁﬂ'{'ﬂifugo.' COuP\c onn the vehicle:

‘l Effect of the 9y¥oscopic COMP\“:

|
'

Since the vehicle tukes a tuvn towands left due +o the
precession and other -ro-kd—inz/f poxts, Ahevefore o 3yvoscopic couple

will oct.

We know +ha-\"\re,loci+§f of precession,

G-sy—voscoFi’c cou‘:lc duc fo 4 wheels,
k and 9yvoscopic couple due 4o the 'To'hljrfng/ pavts of dpe

Ce=TgWelp = I,::G.'ww.usr (' 6- _vﬂ_s)

" Net 9Yy~¥o scopic COuPlG,

C = Cu+ Cg = LfIwwu)wri'léG:'ww'wF

()

h

Wy Wp (HT..+rn'rE\
L S /
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FirstRan

:irstrankEr'schhgﬂimH}n ?_5 used when +he whc;!s and 10+a4-rn3,
pavts of +he engine "WONEHSRATKELCON | JUTHSRAN ei;_ffrfr‘o_hlrmj/
povts of Hhe engine ~evolves fn opposife directon, then negative
sign is used.

Duc 4o the ayvoscopic cou]:[t’., vevhical ~eackion on the
vood suvface will be Fn'oJu(f_c[, The ~eachon will be ve:{kcalhr
upwords on 4he outer wheels and v@r-h"cal[z, downwards on the

nney wheels.

Let the Magnil-udg of Hhis ~eackion ot +he +wo outer or

ey wheels  be P newlons: Then

Px>xz=c or p= S/x

1. Vextical ~eockion ot each of the outer oy innev wheels
Pl = ¢fax
Note 1 Lje have discussed above that when "'O'l'll“"'“? pavts of
the engine votate tn oPFosi+¢ divections, then —V€ sigh s used,
jiee. net 9Yyvoscopic Couple-,
C =Cuw- Cg
when Ce > Cw, then ¢ will be —Vve . Thus the ~ca.ction will

reall
be VCY“_;CQ“‘Y do\,onwodcjs o +he ou-kn’ UOhc.C-‘s ancl Vc_'fhco. L}/

quo‘""—'IS on +he Inncv. vohcﬁ—ls-
2° Effcc-k ,{ the ccn-l-r?-ﬁ«_ga\ COUP\E.

Stnce +he vehicle woves a\onaf o curyved F&"lh.'khc:\'cfo‘fc
ccnl«f{uy| force will act ou—lwa-fclly ot the cendvye of grovitby -~
oF Hhe vehicle. The effect of Hhis CCO"‘Tfﬁ*ﬁal force is also +o

ovetrturn the vehicle.

we know +hat cendrifugal force,

mvE

k= &

www.FirstRanker.com
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ovey ‘hwmngx couPlc_,
| 2
MV

Co - F{_ &"\ = R hh

This O\JQT"~\_1“|‘(\‘|'\8» cguplc_ N bt\\dﬂ(cri hd, VCT‘I\'CA‘ ’TC('(‘\'O‘OS,

which ave VC‘(*iCn\\.a/ u‘nunulf. on the culev wheels § vex *'i(_tl“\-r

Aoulnw(lYAS on the (anes wheels. Le

ot the 4wo oudexy ov inney wheels be K- Then

Qxx = Co oY G‘:_)-f:: R x

' Vevlical ~eaction ol each of 4he ouley of inner wheels
Q@ mVl"\
% 2 apx

Todal vevhical ~veaclion at ench of Hhe outev wheel,

v|o

A little consideration will show thet when +he vehicle
is Yunning af high speeds, B May be 2e70 oY even neqtive:
This will couse the nnex wheels 40 leave Hhe gvound Hnus
kndmcz/ 4o oveviuryn the automobi le. TA oY

f P gl

+the sum el = § &5
between +Hhe TneY wheels ond the _rr(ound 2

must be less Hhan "f:"

www.FirstRanker.com
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.' Fl:fﬁm B LA wheel vehicle jroddnc}/ a Tuyn

Firstra I:E-/,,ﬂ choice

WWV) FlrstRinker com N WW,YVg:‘JfﬁtRanker com
A/-\CR'\VC ‘/ i;r.\
F:xon% whee | | P p 5
cen -(ourlc ~ :F
N A5 ©
. e
U:' Engine f, . \/‘ Lckive ay70 coup
47" i
5
| Reax wheel ch /7'\h(059 )
wo b
\1:' Rodiws f o = - “
4 o !
+ack W:W\Z/ > :
AxlS :
al'I 5?10 uwNA
(@) & -
S-FQET(HL}/ of o two wheel vehicle -Hxl:‘m?/ o turn

A 3f:

Consider o 4wo wheel wehicle Csay o scooter of motov

Cgﬁlé) Jra\dn%/ afri%lr\’t Hun as shown in Fig @)
Let  w - Mass of dhe vehicle & its ~ider in kg
g 7 - wciah'!: of the vehicle € s ~rider in newtons =maq-

Height A dhe centve of gravity of the vehicle
ond wrider
~0 — Rodius of the wheels
Rodius of dvock o cusnvoture

03[ fn&Yl-ia o:F eoch wheel
Yoo of the 'YO“"OL'FI(\T \mﬂ-s

MasS moment of inex

h —

R -

Tig— Moisa romen t

I -
of Hhe engine
ugw__ Ar\ju\a'{ \/C./LOC%"F‘/{ p:f- +h£ Whtﬁlé

Wg — Anguloy vc\adh{ F the enjine

Lo L WE
G = GeoY Yo+tio = O
V = Lineay thodl—q/ .,:F Yhe ve,"\ic,(e_ ~ W% Yw

Q- Ar\g\c I heel. T+ is 4he tnclination £ Hhe vehicle

to v*v"\)vw wéﬁﬁgﬁé(elfegm Cq/ut\ib-rlum.
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Let us now considey 4he effect of the gyroscopic couple ond

Cﬁﬂ"“a’;lﬁua{ll COU.FIC on "H'\g_ \lﬂh(c[c,
| E‘FF&C{ o{' 3\/705('_0‘3](; COLLF‘C

we knaw that Vo= Yy XWh (o) Wy = V[‘Tw

V
. Todal CIxW) = 2 Ty Ww + TeWE

2T x & 4 Tpx X o
Yw

N
—‘_\7:} CZI\U_’L‘_ GIIE)

3]

and Vclucil'vb/ of F'fcccssioﬁj U9[>= V(R

A liHe considevation will show
ath, the vehicle is always inc

ane 0% shown n Fia'Lb)-*l'Fu

_\ha,‘_ when the wheels
lind &+M
move ovey the cunved p 5 anj',t}s
ongle © with +he ve~kical pl
known os anj[e oI heel- |
| Tn othey wa‘(CJS, +Hhe axis o'.( SPW\ 'S n(')ClIHCA o the
i Fra. e)- Thus the CU’BLLlM\

~(a]71c5cn+tc¢ 'otj/ oA inclined

o veyhical . Theve-

Whovi zontal ot an ang\e. G, as shown

in 1%
momentuan  vecdor TwW due to SN T

cession oxis
to 0x ot an ang\.: ©. But the P'<
a\on? OX-

1

:(o'r& the sp’m vad-of = nrasalvul

S G\yfrosconC Ca*Plc
V L'
C\ = TWICOSO W = (2Tw+ 6T o050 X

2
= —RV“{-" (2Tw + &IE)COSG
<Y

VL. o o LRl azias .-lf.fvf'fl-a'nn na

www.FirstRanker.com
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p .
mwv
F - 2

R
This force acte hmizorﬂmlht/ '-}h'\’oucal‘) dhe centve of _‘)""\‘“‘h)’

C\‘O"!Ca’ the outwaxd divection,

CC\’\{'\‘f {llﬂt\k CDLLPIC, CZ - F(__.;( hCOStS)

mv>
= (-E- ) heose

Since -lhc. Ccn-\wi :(LL_')C&\ cou\ble. \‘\cxs o kndcnaj/ ‘o ovm'-}wm the

vehicle, YeveJore

Total overtuwmin g ccup{e ,

% Co

I

G\ywscot:ic CMF‘G + an{mfu_-)&\ c,a.v.Plc_

1~
mv 05
vt (2Tw+ GTg )@ + g xheose
R Yw

3 6TE
Y (?fumﬂ -
R ~

w

we know Hhat balancineb/ cowplc cmghsine
) clockwise divection when
Thevefove fov S'*O\b{\i{-tr, the

balancing couPlc, ie.

The ba\ancin%/ coLLP\d acts
oL Ahe vehicle.

gfom the 'fl‘on{
geen
S{:'bc_ &%yﬂi ‘o the

ovc:({‘wm\nca/ CCLLFIC. ML
__\.&—- (,_F_-..—__.. ‘m,\.hq-H)CosQ - \113-@15;“{9
= Tw
Frovny this ex
oy be cldtwm‘mcd, so

‘nession the VCK[U&'- of’“‘\c‘- an_r)lt’. o:F hccl (Q)
dhat the vehicle does not skid.

www.FirstRanker.com
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When o hocﬁ)/ slides ovev m'\o-{hcv, Hhe modon is vesis-
ted l’t)’ o Iovcc‘ colled “he lovce o.{ ['n'c-liuﬂ"l'ha '{C“‘-’ avines {“m
the. focd Mol the -.-,Lu/{'“c“,’ -lhm\ah P\aﬂcd and made smooth, hove
ﬂAfj"') ond C‘C-PYC 55i0n5 that infevlock ond dhe ~elakive movemend
}55 '\'(’Su‘fﬂvd.”ﬂ\ut‘,"iha foxce of frickion en o \mcl\y = P‘uuuc‘l Yo
+the s\id.’r\?/ suvfaces and acde n o divecdion om?osih: 1o that of
..“M .“a\\'ckn%/ "‘-’f{td/-
| Theve ave P\'\e.nomcr\o, wheve it 79 "CCCSSC\'T\J/ +0
éﬁ(cducc the fovce of Fricton wheveas in Some cases T+ must
%ba ncveased . Tn case of lathe slides, jouvnal bcm-‘nngs, etc-,
Wheve 4he powe~y A~vansmidted s *rcclucccl due o {-r\'c.hon, it
has 4o be decveased b\d' the wse of lubvicoded sunfaces.Tn
Procegses wheve Ahe powey is Ayeansmided thvough frickion,
a'l"cmpifs ave made o incvease it to tyansmit more power:
Examplcs ave frichion cludches and belt duives. Even the
-'ria-lf\fhcs.s af = nut ond beold s dtpcnc{cn{; mcdn\t}/ on the. JQch

of Frickion. Had Hheve been no Friction belween the nwt and

the suvface on which Tk is 'Ha"'\'\'cnc:c{_ Ahe nut woucld loosen oIf

.‘a'ﬁ’ “dhe moment the spanney {s Yemoved orﬂtv 4~i5h4c_ninc‘)/ the
ésuvﬁ;ce on which it is +;3,\n+ene_cf, 4he nut would Voosen off ol
4he momenl *he Spanner IS vemoved oftev Hah‘{eniny.
Kinds of Fricion

Usuo-l\bf, three kinds of ﬁrrciﬂ'on, dcpcndin?/ upon the.
conditions of surfaces ove consideved.

l- Dy Fricton
Dy fw(c-‘rtor\ s said +o occun when dheve Vs veladive

—WWF—L—CUWP%W@WW&“S'I& s
i TR 00

www.FirstRanker.com
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moton ~elative 4o ecach other.

b) Ro\\.ina’ Fiction Fricton due 4o 'rollin?/ oF one. surfoce
ovev anothev. Cesge ball and ~oller bearxings)

2. Skin or Grreos%/ Frichon

When Hhe +wo surfaces in contoct hove a minu'&_ Hhin
"aldm’ of lubxicont between them, it is known as skin oY 97 easy
f;yid—lon H(@he-r sPO'{-s on the surdace break +h~rou5,h +he {ub~i-
ccun{— and come Tn condact with the other surface.
% Skin -sanc_%on is also termed as bouﬂdcn"y f‘nc_%on
3. Flim Erichion

When the w0 suvrdoces "N cm—lnc{ ove Corhplc‘-'ﬁt{y/&ipwiafﬂ
bcdf a Lub'n'canf, OCfiC-l-‘.on will occun due 4o +he shearin of
d;{fe_.(m{ (alﬁﬂjs oac the (ubw’n’can'&- T™is is known o ﬁ'lm JCn'C"-iof

0¥ Viscous ﬁn’c’r'uon-

Laws OJC Friction

T-?xPe-ﬁmem!:s hove shown that the force of Friction
—> g df'f(’.(_'Hla/ P—ropof'l{ona\ Yo novmal wveackon between

dhe +wo SuY:Faccs
—> opposes -the wotion between the sunfoces
— dE‘-P@’\GlS upon the mod?:rfals of the +wo éwfﬁccs
—> is mchcndc_n-f: oJ™ Hhe, oy ee of contoct
—> is fndependent of the vdoci'(ﬂzf T S\HMg/

The last of Hhesc laws fs not drue in the shyict

sense os it has been dound 4hat the Friction force decrease:
slfﬁ‘rﬁ:lt{ with Hhe incvease o Vf‘-‘0d+‘3’-

i FirstRanker.com
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!

Vi

when o body ts of vest on an fnclined plane making” an
angle o with the howizontal, the forvees ac-hna/ on the bodyave

W, WC‘@"’\{ of bOdZ’/ tn down Wavd dexection

! Rn, novmal veaction
F fovce frcsfs-hngz—\hc motion of bodn)/

From equu i bvium  condidion S,

F = wsing  and Rn= WCosL

T£ the anjfc & tadlicodisn of the P\ane. is I‘norcasd,%c.

bod‘g/ will Just slide down e plcmc of iHown when

Wsine = F= MR = MWCOS
Tane = M = Tany
=g
This maximum volue oF the angle of inclination & the

P\cmc, with Hhe hovizontal when the boc{taf stavls S\iclin?/ on

its own 15 kaown as the ma\c of Yepose

www.FirstRanker.com
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o~ Angle & tackinakion of dhe plane +o dhe hotizonty |
QS - Um?-l-l’na/ avzgle aOC :pn'c-]-ion for 4he contact sunfoces

P- Effort QFFI.'CCI n o ja'vcn divection in order to
cause e bodzz Yo slide with uniform \rcloc,;'wa
povallel to the planc, considaﬁna/ f~iction

Po - Effovt ~requived 4o move dhe bo&\z( up the plane
ﬂC3\cc-Lin‘9 friction

G - Ang\c which Yhe line of ackion of P makes with
the. wejght of the bedy w

M — Coefficient oF Jviction between dhe sunfoces of dhe
plane ond +he bod

Ra - nNovmal “("Ca(,-[-fon

R- Resildont ~eaction

&)

Qo

(5 ©
N(‘\cq Hne 'ﬁn'c-(—.‘on 1S nc:_glac_{zd, +He b°°["f 'S in eq}u'lib-
lum  undey Hhe oction F dhe thvee forees , e o, wE Rn
ay shoon in Fiy (@) . The tviangle of forces s shown 1o Fio)

New aPle‘r\raf sine 'Tu.(c {o{ dhese threc Cbr\Cuwcn’E ‘g—""rcc‘s

www.FirstRanker.com
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Q
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- R*QP
17 N VI’ A\
{‘\_ v’ P (4% '»\ Y .
LS ¢ -
< . ~C fo
e A7) / G-
LA AW b il
L\{'\D ) \?))_
'5\4(/ - \‘,'.n(\ / 7 & W B (‘('*gb)
A 0 Y v} _
L .
(o) (b) )

When fzﬁ'c-\-im 5 -blmn into accoun'{,& chic.-honcd
.fb'f(f F = MRn ocls 10 e divection oﬂ’osi’{}, Yo the motion of
N F!‘j C(L)'» “The "D'C-SL(,('I‘('LH'['_ '{C&C‘&‘:On %4

4he bocrluaf s fnclincc} od-an an,j[e ¢
(¢ of forees 79 shown

,"“r\c‘_ bocl%/, as Shown
bedween “Hne Plcmc and
widh the Novmal ~eaction Ra

ule
i F9 (b)Y - Now “P[’l‘ﬁ‘“"( e Stne UL,

. The “wiang

P W o W sin(l-+p
Sir\(a(-wj) " s\n[:s-CaH-mj : slan_(¢1.¢)3

I The effort B (ov P) may also be obtined bla’ QPFI"J""’\X Lami's {heoven

r __E’_..__ N (o) Po W

$I0 (180~ ) “sin(i8o - (6-)] sined sin(@_‘o

2. The, c-ffo'f-t Po (o P) mm{ also be OHu'ch b‘()’ 'f€50|vln3/ +he meccs
olong he. plane. and pevpendicular do the plone. and then applying’

=H=0 and =v=0

1 N()'IC,S:
o When 4he effort opplied s horizontal, then ©:2q0". Tn thot case,

Hhe equaltons @ § ® Moy be written as

casal.

5TV \C-;u .—.()‘
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2- When the effort inlfcd s pmul\e\ to the Plaﬂc, He\ ©=90 el

To dhad case, the ch\'\k\\:, ® q@ mm.d/ be wyiten as

w '.::r\n-(-

P e e W3ine

¢ sin[no -]

P - WO (= +¢) W sin({+g)
;‘[(*va&)~(-{+m)] cosg

WM oSH OS¢ §InD)
Cosp -

P = W sing + Meesy)

W (sing +Cosel.Tang )

-
=

Ei.f"df"ﬂ} o '_)ndtn:A P\“'“‘

The 'u\h'o oJC Ahe cf{m'L rn:q_;-.i'\'cc[ ne_g\cc—lmg/ J—n‘dior\ (l-c R,)
o e c{.fm‘: n'cq}ti-rc,cl CCf\‘oit{(_Tl-nD/ _,Ln‘(,-(-ion (e P) 15 known a4
P\anc.- Ma-\\\cma-l:‘mlltf, cﬁicicncufo]c the

'f-!l*.lﬁic.'c-\nr' ejr' “the h‘\(lincc"
nclined P\cm::..
\.‘L o Tes

P
Fov 4he modion «f dhe b(‘dt:/ tp the p\m\a

W sing sinfo- +) ]
o — -
sin(g_i) 1d sm(q-{-m

E{,‘ficllcf\c-.a/' 1 = -—E—-:

',\/ sined - SINY COs(AL+p) —(050. sin(el+9)
T sINGC0SA — €0SQ- 5INL sinCdL +9)

MLL\-l{PIU-iﬂ.a/ +Hne numwo:}nyg denomina oy bu{ sin(el+g) sin@,
cot (ttpy —oto

| Ve - cotd — cotO
NS
1o When c_][]cof{ (s C\FP‘\'C.A ho-ﬁ'zon'b“% +hen 6=90°
' Tand
1 Ton(L+@)

o- When effort is QPiccl pas:“cl }o Hhe P\ane, then ©=90+
cot(«+¢) —cot cao +2) cot (d+¢) +ToNnd _ sin (- Cos g
‘Z’ - cot-of — ot CO+HL) T 7 eotol+ Tand sin (olt9)

www.FirstRanker.com
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The  Scvews, WHMRISIRAKR cARL s eteweskirsifidakgrcomed in
various wachines ond stvuctuves Fov -ltmpc-rmn{ ‘JrGS'IEr\ir\gﬁ'—“’\CSC
!:o.s-ltn’mgs hove scyew Hhveads, which ave made bz/ cu—HinJ, Qa

condinuous helical groove en o eylindrical surface . TH+he 4veads

ave cuk on the ouder surface of a solid ~od, Hhese ove known aj

extevnal thveads. But if the Hmeads ave cut on the internal sunface
of o hollow ~od, these ave known as indexnal thveads « The scvew
Hricads orve ma‘mltt/ of Hwo ‘rmocs e V- '\rh-(codg § sqpave +hveads.

The V- thveads ave s—\-mnﬁcf ond offex move frichonal

~esistance 40 moton than gquare tnreads - Moreovey, the v—thveads

hove an odvantage oF pcvcr\#\n?z Ahe nut From slackeningx. Tn
Aweads ove used fov the puyposc oac'-‘-\'a—‘n‘*‘cn‘\nﬁ/
bots ¢ auds ete. Bud the square Hrcods ove

geneval , Hhe v-
pleces dogether e g-
used in scvew jocks, vice scvews etcs

The Jcot\ouomg, texms ave imFo1+un{ for 4he SJruclua/ of scvew -
Helix = Tt 75 the cwwe d~aced by & patticle, while dcsr.—rib'r\a»a

civculay Po&h ot o un‘i‘fmm ‘SPCC_A ond C\dvomc.intf in the axi&\
divection ot o uniform aote. T olhey wotds, it s the cuwnwe {voce d

by o poch.lc while movfng a[on%/ o scyew Aseod.-

Pilcin « Tt ts the distance from o po‘m’[‘. of- o0 scvew 4o o covrespo-

y\d',ma, po't'n't on +he n&x% —W\q’co@l, me&SLLYc:cI Fomancl 4o -’ﬁhg oxis o'F

Yhe sCvew-
Lead - T4 is dhe distance, a scvew tread advances oxially~ in

one oo -

Depth oF Hrvead = Tt is the distance between Hhe Yop § bottom

auydeces of o Hveod Calso known os c—rcsfqrmo{; of o Hhread)
Strgle —Hhseoded scvew s o +he leod of a screw 7s equal 4o its
pitch, 14 7s known as single~ Hreaded screw.

www.FirstRanker.com
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lead distance o N
SCrew e-g. in @ double dveaded scvew, Hwo Yveods ave cutrin

one lead |t}f5¥h- Th such cases, all +he Hrreods ~un n‘nchcnc!enH-a/

.&‘Onar 'q'hﬂ lﬁf\a"“h o& "\h& q'OCl. M&‘t‘hcm‘(‘if(\“la’,

Lead = Pitch x Num bev of Hreads

Helix Angle: Tt rs +he slope ov fnclination of Ane dvead with the
hotizontal. Medhemedicall Y

Lead of scvew
tane - = etveumdevence of screw
R R P (Tn s‘urblc.-*h#cadcqf scyeq)
e Xd
= ‘Y\F'E‘ -~ —== (T mul-ﬁ—-'Pn"maAcd SCYew)

wheve o - Yelix ongle
b~ pi Ich of-he sevew

d - Mean diamedey o the sevew
ﬂ—‘ Numbey of Hreads 6 one lead

~www.FirstRanker.com



» FirstRapker.comy we ood by o scvew jack ®
=Il Ff@?’%@@%ﬂé"‘ OWV\'/W.FirsttI;anokoi‘:r.coré]/ www.FirstRanker.com

Tf one comP\chc Huxn oF o 'Sc¥ewo e bl{ fmajinecl to
be wawound, Fvom the hoclu(y of He scvew and dﬁve(oPecJ, it will fovm

on fnclined P\ang as Shown in Fiarcok).

i
Z L
» nd
(@) Devclome{ g o scxew T (by Fovees ac#ngf on the sCrew
Let b _ Pich of Hhe screw

d — Mean diameter of-dhe scrvew

ol — Helix ongle |

P - Effort opplied adhe elvcamfaence of the sorewo
4o [ift e lood

| W - Lood 4o be lifted

| M- Coefficient oF acn‘c#m, be-lwcé.q the sCrew §nuf=’l‘an¢
wheve g 1s the dvickon angle

From tHhe (9e.ome/{—r»)/ 4 the Fn‘a—(&) , we find thad

Tane = -7%

Since the P'\rinciP"c-or\ wh?ch A SCrewd jaak woy k< is similar
to that off an inclined 'Ploune,, ”W\L'YC{D'!C the fosce Oﬂ)luccf en the
‘CVCY OJC o SC_'TCL«O jo-C-l( mmd/ bﬁ Cfons.ldCYCA '+'O bc h(ﬁilon‘{’&[ as .Smf)

N Fig(b).
Since the lood 1s bf-fﬂ?/ \hq-cA, Hhevefove the {forie of Fackion (F)

will act dowvaword 5. All Fhe forres ac-‘-inaf ony the Screw ove shoton

Ta) Ry 6)-
www.FirstRanker.com




:I. F"‘StRa W{mas alon the plane,

l (Fnrstra nker's choice

WWW. FlrstRanker com ﬁ FlrstRanker m
Pcos« = SN o F = Wsind +V\f\iv

and n'csolv‘my the fovces PC’TFCI')(J\'CL(!QY +o -the F\anc
Rn = PSing + Wcosx —®@
SUBS‘H*LL-‘-W\(X Ants value of Rn in equation @

Plos

]

Wsing + M CPSin.{-;-N(o&,U

1

WslNe 4 M- PSine 4 puwcosx
Pcosx — M PNy =W sine + MWcos
P (cost—psing) = W (sink + peosx)

Sine + M COSx

P=Wmx%
COS — M sine

Subs-ﬁ-‘-u-[-ina/ 4he value of = toang in dhe above, aq,ua-l-foq)

sing - tang cose

P - Wx :
cos o, — tang sing

Mul+,-P|LdinrA/ the Numevedoy $dcnomino:lo¥ bzf cosg

SN COS @ -+ sing cos Sin (ol +
P =N % 2 ¢ i, = W x ___92
COSL oS —SiNg] sing €OS Colt-p)

P=WTan (L +p)

. ‘Toxq/uc: mrcq).&i“(e_(l Yo oveveome ;f:n‘c-lﬁon ba—‘wecn the screw ;
Nuwt |
d . wmn 4.
'r; = PX - = Col"f-ﬂb) o)
when +Hhe oxicl lood ts faken EZ/L&P b"J/a thrust collay ox o

'Ho& sur:\(aca as shown N Flyﬂb); SO “’fha{ the lood does nO"- Yo+o~{i
with the scvew, then the tovgque sequived +o ovevcome ﬁn(.lnor\ ot the

collow,

}A‘ W(Rl+RL) H‘WR

h)hcfre_ R‘q le- OIJ:LS\QSG, £ lr\S\cl¢ '-md:ln a')a e Col\O.Y

R — Mean ~oadius o:f"’rhc. collay
to—coetficient o Fickon fox +he collar

www.FirstRanker.com
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+Hhe sevew),
T=Ti+T, = PxL  mwR

Tf an effort ﬂ s QPPlfccl ot the end o:F Qa

length £, Hhen the dolal Aotque mequived o avercome Fricton must
and ojc e lavey, i-é

(_Q_VE,Y QCF axm)

be Gq}xa\ teo the '!'U'rc(/ue an:\\‘ecJ at the
T = P%%_. = PxL

NO%S:

I+ When the nom?na{ diame_‘!-cy Qdo) ond the o3& clio.mr.-‘t’r CCL)

of the seyew) Hivead s chn,-ﬂngn. “the meon dio.me'l-r;YoJL the scyew,
d: CL;AC 'Ldo"-fg:"—'—dC"i"'Q_E_'

2: Since +he meclanical advm*c\ajc ts 4he votio of load liffed (w) to the

1

effort applicd CP)Y at the end of dhe levey, Hhevefore mechanical
' ! B

]Odvcur\'{‘oge_, . _ _,P_C'_
| MA__&rwxzz : SR e
| P, T Pxd

I M-A = e pAS

| _ i - =

Wn(Lig)d *© d-Tan(L4p)

!

'_r'oﬂfq/u@ th,u.?"mcf +0 Lmev’ 'H"\é lOCkCl b\ﬁo\ SC’KELO —J-O-C.LL

=

| P — ﬂ—a - |

(a) (b)
e b pich of 4he scveo
d—- Mean diameder e‘]( Hhe SCrew

|
!
|
|
| A
1

2 ok |
o= AClhixX )i

W - e whoby. B sbRarlRef Koddr
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irstRanker:eeimipplied ot the cincumfevence oF the sevew +o

rstranker's choice : :
lowey Wi . FipstRanker.com www.FirstRanker.com

W~ Coefficient of Frickon between Hhe SCTCu)gnu'{‘ _Tang

FRom the Je.omc,l-w{ ot—the .'Pl:jtkvﬁ, we. fird Hhat
'TE\V'\&( = "‘7"‘:'8'
Siace the load is {-xinaz loweyed, Yhexe fove the fovce oF FHiction

w’n” GC‘l‘ LtFLLn'fcls. f\“ ‘e fDTCC.s C\C'L\'ngz onN 'H’)c SCaent ave 5|nown in

Figlb)-
Rﬁso‘vlma/ the fovees alonﬁz the P\cme,

Peos< = F —sind = MRy - Wsing —=0
ard "{e_so‘v.‘nzx Yhe fovces Pe_wrl:end?culah 4o the Flo_ne,
Rn = Wcos< - P siN — @
SubsH-h.L#In?/ Hhis value «f R, in &q/ua'}iol‘l 0]
Peos = p (Weos — Psing) ~ W sing
= MWCOSK — UPSINK —WSiN
PCOSX 4+ P sing = LW OS5 —WSiN
PCCOSL+ Msineg ) = W (M ~sing)
preos —sing

COS + fUsing

L.
subsk Jru—{-fny the value of M=Tang in +he above equation,
S — SN '
B wé{:l?_:mgéco £ s
COSed + TN sine

Mu\—h‘ﬂw‘ny e numevator £ denominatoy by cosg

P=wx

ein@ cos5x — SiNH C0S sin(f—sL
P=- wx- 2 F‘.; o x ____)_
QS0 s@ +sing $inK ccs(g(,,L)

P- wTan(cs =39
JoTovque w'e_q,uf-rcd to oveycome :frfff-kc‘"\ between '*'ﬁiéﬁhognu}
T= P"‘(—C-LD_ - W TN (ﬁ’——e{) v"(-éz_-
rote -
wheny o 8, Haen P= Tm\COL-QS)

www.FirstRanker.com
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The. efford n’c’(‘l}u"lf('(? S e ClYCumvlngr'ﬂcc n’fk'{"he S CYed
Yo lowey the load {3
P=W *RmC;zﬁ—o()
and e -l,qu,uc exc.q}d'scd 4o lowes the. load

T:Pxd - "’T“”(P’«)-’\%—,
T the above expression , 1 g, thea %"‘V“" ,{C?}L;,mc)
to lowey the load will be neqpdive. Ty other wovds, the load will
st movina, daooward  withoud -the aplolicahon of any” Forqpue
such a cendilion is knowr.\ as ovey hau\;mb/ scvew s, TF however,
F><, the tovque "'t‘vd'f‘-d 4o \awey the load will Fos“thvﬁ,fnd.‘c—
“'h"‘i)’ thed an eflord 1s amn[:‘c:l Yo Jowe the lead., auch a Sw'c“)
Ty other wosds, o SCvew will be
e o el angle o

-‘mngml: .’§ l’\&“'x o.rg\e, [

1s known as  self locking  sevew-

self lod‘"“;}’ (4 Ahe frickion angle o

coefficient o fric hon 15 3-sch-lcf4hcm

W oy tang > +on .

EHR"MHJ’ P.Jf, se|f Loclf.ivxr)/ SCYPOd S
we know Ahat chififmc/ e sevew

Tandd
‘1’ - -rcu-\cu(.{_y)}

O'Y{ fU{ Sel'{ ‘Oc,l’.l\(\af SCYeLD S, ¢ Zx oY °<f‘_¢

_', Ef{id(na{ o'.'( SclfF \Of,ki(\rx SC.1CLO_5/
g . g (-Tar’g)

P Z .
'L T Tan(¢+4p) Tan 2¢ J-Tanpf
2
92 Tan
= '—‘}_-' - 'T?\nFj Tan2g - f
#* |—Tan yl

Fom this expression we see et cfﬁ:.icnudz o self locking”
sciews (5 less than -'5- oY 507 « Tf e cﬁc.‘citnu}/ ts move. Hhan)

S0y, “Hen the Scvew ts Sa\d Av be OVCT"\aullr\y.
www.FirstRanker.com
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FlrstRankemom copare Anicoded  screw jock is somm.

Flr?tran}ygr 5SMRIEE, AirieogpivritetREker ot e ThC i ak F’?lst&’dﬁl@r(}:o'rﬁ g

| - { ‘ 4% y :
kd, Aowee ey A o "“(?"""" ok Hhe ead s 6 03 m |oﬁ2/ Lever,which

! { A 4 ‘qu [ ‘ s &t _‘_ alre ) ‘}’O "QTSC a,loo\d
{= Ey* f?rnfii SV vld he, S ,"»r.c}.-..‘.’l.'_’.v-’» Gy GL1S g,,'f he sc
ofJ’ L) ,'0’-! { cer Aoy Voper s

[y p _ 3 r N
| ['i x 5O tewry 2 OO0 1y, F’ z ooy , P\-_—_‘mn%._ 0-1%5, l ’0'—_-“m
l |
W) w 280048 = 2y »-/,u'). 2 uf

(o

v b A4 4 " . . = 0:063F
bw e wrot , Tand = i * mmes

S P s T aequived ob e end A e lever
r()-!(l_f t’pq})f,‘ed ‘4..’) /’yﬁa‘;{p %,‘ E’)O({

| 4 ‘ P . 3 e
| we keow) Mot seae '154-,-&/5({ at dne circum :?mcncc .fs W

; f’ - LUJie ,){./4.{) [’Mw/—«-’l‘an(/
1 =Tand Tang

-
-—

- :4 dv 11:7?" 'ﬁ’;
| Preayuig | — s MG N
! J‘_(j{ ’t“”’l’ﬁg |

—

Pgis) -’1,'9-/ ‘;('r/ﬂ_f »,ff‘gyuf fff's aj‘ 5'( (r\(’ ‘H’k lever m‘f l’f.

‘ L. Lan
;!'I (} Y.(i c"}'{ ;}0/ --‘vq(',l’ ’f’,n‘//.t'ﬁ* ',

9 xf = Prd

-

o Pxd  Wubacpof
T ay - 9%0.7

=154 N
Furee ‘f'a"{,'/-"‘f'd 49 wuser e lood
i e kevw ok e frece vequicte d ot 4he cl"'“um{umc.c o sereq

« r ’-’l
Prwranlf-4) - w E"“- \f ~Tan
+T¢fl(/ 7((,}‘/\

“ f/'j'-;uﬁ‘f/f "-,

| /
! { = J'//ll T = 130 N
| ° | 14 01500634 y i

b Abe fuste e qguiirnd ot Ho end Ltho buey may be

vund sud by e loMor d 05

% (3 ox 0-05 _
Pixf - P A (ny f = —_— ----———-—-5" =6l N
| RE & P Y 2. O

e

www.FirstRanker.com
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A Jowrmol brming forms o fu v'\u”‘a' pawr os shown in Ry

» Fi O e
:I A E,L%Stﬂa nkeﬁ\TEQchu‘nnr} _ FaicHon Ciscl &

'TW- fixed paiv is called o bmwinar and dhat poition o dhe fnner element
}C;,f_ shaft) which $ils in +the bcming s called o journals The jouarnol

f??s sl.‘ahﬂtd' less in diame fey than +the bcm'ma-. in ovdey 40 peImit Hhe free

"movement o dhe journal in o beaxing.
i

www.FirstRanker.com
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irStRaMefrem? is not lubicaded Cov the jowrnal is stadionary)

irstranker's choice .
“hen theve is o line coWPBr-EITSLRARKAT -G 4o e WIAUAHLSIRANKREGAMN Fig(@)

The lood 1w on the joumal and nomved veachon Ry Cequal to W) of +he

beom’nz acts +h-fou8h Yne centre. 'lTF\e ~eaction Ry octs Veq'-l»ico.llz/ quasz

ot point A This point A s known os seat ov point of FrESSUIE:

Now consider oo shaft 'xo-foJrin?/ inside a beo:rinW n cl?ckwfsc
Id?w'cc-kon 05 shown in Fig Cb). The lubwicant bedween the journmal ond

'bemimg‘« foems o thin lqucY which gives ~ise to & 37&0\57 £icHon-
Trevefove, +he ~eockion R does not oct VCY'HCC&HB' vpword, but acts ot
anothey point of pressure B. This is duc. 4o dhe foct that when shaft
vototes, o frictiono! fovree F= 4Ry octs ok VHhe civcumfevence of the

shedt which hos o kndenc«a/-ﬁro ~otote +he shaft oFPosfﬁz divechon

of wokion ond Hhis shifts he point A 4o point B.

Ta o+dey thot Hhe ~otodion may be maintained, Hheve musk be
o couPlc wo—h-(-ima( the shoft.
Let @ - Angle between R & Ry
- Coefficient ef Frickion between the Jowmnal g beaving
T - Frckiona| tovgue in N-mM
~— Rodius of dhe shaft in metves.
For  uniform wmoton, the vesuldant Fovee ondﬁn?, on Yhe shaft
must be zeno ond Hhe vesultant ’rmmin? moment on the shaft must

be zexo.

|
|
|
|
4‘
|
|
1
l
I
|
i
!
| R=W and T= WxocC = W % 0BSing = W-¥sing
[

since ¢ is veny smaﬂ, Hnevefore subskh-ﬁngz sing = Tong

T= W -Tang = fJ\NY
T the shaft ~ototes with engular vcloci-hj/ us vad/s, Hen power

wasted in friction, OTNT e bhe

— Tf & civcle 1g dvawn with centre 0§ ~adius OC= vsing, then ¥his

eivcle 7s called Liction eivcle- T a bemtna»-

www.FirstRanker.com
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The .\,04“‘,%I)N\gﬁ&rﬁ%an&%cc{mr ‘I,““‘{l’")‘“’“ﬁﬁﬁﬁ@a"?@erﬁ?rﬁx al
i ust « The bca.'.ng surfaces osuch as pi\/o{ and collay beaxings
ave wsed 4o dake this axial thrust oF -the 104&43'13/ shaft . The
propeller shafts of ships, the shafts of steam duorbines, and
vevhical wachine shafts ove c':mn)Ph‘S of shafts which cavmiy
o axjal thrust.

The bt‘aw"ma« swctnces placed ot the end of ashaft *o
dake Hhe axjal thaust ave known as PiVOL‘-- Thae P?VOJr i i have

o fled siface ex conical suwvface as shown N Fig ta) a_r\d Ch).
When the cone s teuncated, 4 {5 dhen known as truncated oy

+mpc20ic{a\ pi\m{- as shown W Figco).

The collar maty have flat bcminﬁ' st dace ox conical bea-
""ma’ SLLT:FM,C, b'»k{ +the :ﬂa{ sSwy {n(c‘ s most commonhd/ uscd. Thevye
My be s'«n\«}\c collay, as shown in FigCd) ev sevesal collars

alon?/. dhe length of o shaft, as shown (o Fig-Ce) in ovdey +o ~veduce

the fn‘lt‘ﬂﬁ'l“‘lf of pYessure:

|
'—\g » sha'(—t F{:\ ﬁcl
| |

7

:|

’
’

N

|

i

7 o 7 77
| / .,", /.’ ,*’/, / / 4 !
? S/ '/ ./ / / VAN ,

! (ot S ,/ /' /) ! // / o s
| AR/ /7

/
/) S
, . /. ////,"/ yd
&) Flat pivod b) Conical pivot ¢) Tauncaded pivot
. Lo\\&r ’%
=
/ —
7 ;l/ Suny
77 | S
| I /// ) 7
! f—
o Na
//
T
d) Single flat collar ¢) Multiple Jlat <ollar
www.FirstRanker.com
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When o vertica 'sha?:\{; *ro‘i"cxies n a%\{g' P?vo@ tim'?na/
Cknown as foot 541:,0 bearinaf), as Shown in Fig, +he s\?diny fvicHon
will be alona/ e surfoace ef contact between the shaft g +he 5"—“"““3-

Let |y = Load Avansmitted ovev +he bcmfma/ sunfoce

R= Radius of beo:r‘mT swiace

avea of bco:riny surface

b= In+ms7+'a/ of pressuve pe unit

between 'n.dab?nz/ suwrfaces, and
|A= CUC‘F‘FIC:CY\% .:f Feiction

we will considex —he &,How:ny Jwo cases .
I hen Yhexe 15 o unifoem p¥essure s, and

2 When Hhevye s o urﬁ{afm wear.

Conside_-ri-’\a/ u_nh(o'fm P'\'cSSuVC’_

When 4Hhe pressure s un?:(mmhl/ distributed over 4he bearing o.vr,t\,j
Hhen I ' i

o —

b = —
Consider a —n‘naz f ~odius v and “hickness dv of the bcmfn(b/

Qm-
Aveo. e:F bccvﬁn?/ suvﬁwg, A = gvn’.c-l‘-’
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Friclionel ~esistonce 4o slfcl.‘na/ on +he ¥ing “-41"‘7 Wnﬂ‘“#“u‘f ot

wadius =,

E(—_f.x-cgw = px Paeﬂ—ﬂ"”-ol'f

F=27 K b ~dv

Frickomal dovaue on the ~ing,
Tr = %Y = 2ﬁr.1p'fd'ra¢¥=2ﬂr1|v¥7'cl”f — @

teni R fov
Iﬂ'@g‘f&JﬁnT “his c%akon within he feni-ks 3C“?”\ o to

He dodal Hickonal torque on Hhe P‘wo-‘ bm'rina'.

E
Tb‘h)-l ')C"ric{-l‘ono.\ —hﬁ%c} T:fﬁﬁ!.& PT?'A"(

R
T= 27frAP), " dv
3 R
gt [T g < e

2 W B - _'Z:.ng (". - 7-%];2')
T = EKWP%EL = =

When e shaft ~otates at w wod[s , then powex st in Hiclion,

P=TW = Tx —

N = Speed of shaft in vpm

whb{ e

Considming/ wntform  wear

The ~ate of wear chcncls upon the i'n-\'ensil"a/ of pressure(p)
and Hhe vc_locifh.z/ e ambbina/ suyfnces (v). TH s assumed “that the ot
ek wear 15 proporhonal Ho the product of frdensity o presswne and the
vcloci-hdf of 'mbb(naf surfaces Cie p-V). Stmee the Vclocf+7/ & Wbb‘“g/
surfaces ncreases Lith the distance Cie ~adius ~) frem the axis &

“4he ben'-r'ma/, Anevefore fov walform weay
P: Y= ¢ Ca constant)

b oo

<
e ~
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3

< xonv.dY = Q7 A
v

' Todal load Aransmided to the gy beatings
k ~ R
W= [:zm:df—_ ome ¥, = 2NER

W

- ——

27NR

we know -\hcd JCT\“C-Lioncxl +v'\'cv,\c: cxc'hmx on Ahe —rmaz/

> dv
,x..__«x—'\’

- 977 }D‘( (J.'Y = 9-7\"«‘
e (= b= £
Ty = 9-7\"LkC-'Y'C'l'Y —_— 0

'acvic."-mncxl 'HYq/u.c on the bmﬁn%’;

T-= Lzy_wluorclv = 27U [:3;]5

2. 2. w
:”‘HC*%‘ = AR Gl
Lox MWR
- ;____.,,)LR = P‘

g WP 27\R %

Conical Pt BCo:K'II('\g/
The conical ‘F’WO't beo:ﬂnz/ SULFPO‘\’%nB/ o shodt chw:jinX
a lood I s shown in Fig

LE{' Pn o’ In‘ltnsfhd/ o'f P"’CSSL(YL nm'mo.\ 1o the cone.,
L -~ Semi an&(e o:f the cong,

M= coe_f-f.‘cfen{ at{ -Jcﬁc:'hor\ be_-'noccn the s\'\aff § ‘the
bco:n‘n%

R - Rodius «f the shofi
Considey oo small «iv)af & -mcl?uS ~ and -H\fclmcss a~- Let
dL 1S the \C%lch -‘j‘ "fi'na/ o,long/ the cone such ..P,-‘a_-{:
dl = dv. cosecw
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cjf -{Cc;sccﬂ(

Ccf\ijc!c'{ff\z uﬂ:-go'{r/) pYessure
pe know Yot novmal lood ac_‘{-tﬂz/ en the frina/,
SN, = Novma pressure % Arces

_ P, % 27y drcosecx

and Vm-L’uca\ \Oacl adrm?/ cn the rnnz/
S = vexhical Com?onm'l: F Sln = Sy SNK

"

_ P x 271v.d¥ cosecw- Sing = b 277 dv

¢ Todel vevkical lood Hansmitled 4o "H'nc_ btccﬁr\%/‘

’ ¥ 2 4R 2
W = f Pn"’(m'd'\( = 27"Pn [ZQ: ]‘ - Q'T\_Pn*'—g"'*ﬂa;* Pn
| ol
B = ~R>
! We  knowo Hhat {—ric-kona\ fovce on the 'rinzf ac_-hn%z -!unﬂcn-[-.'c\llxy

E 03{— "Gd:us ~, A_
| [ u.((wn e M Pn- 27W-d'r’ cosS€elol = 2—7\'}L' F’n cosec Y dy
T3 l L2
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{ -—

=

277 - p,cosec &Y dy Y = 27 A Pn osecal T dy
In—’reﬁvcx}iny +he exF-scssion within the limits {fom o 4o R for
the +odal Frickional Hovque on the conical pivet beaving.

Todal dichonal “tovque,
R

+3 7R
=F -_j 27 p cosec. v*d~ = 27 A b cosecd ['g‘ ]o
[~

3

3

T = 2R By cosec 3 K = E oy cosecd. —> 0
-subﬂ-i-hl—'-na/ the wlue F B\ in equation @

3
2R [N
- 2R M 22— & Cosecd
T 5 M .

Z MR cosecal
3
Note: Tf slant \cr}ﬂ-(—h (L) f +he cone ts known, +hen

2wt (¢ L=Reosecy)
-3

Consi cleq'ing uni 'ﬁ)erm weov

Tn Fiy, let b, be 4he novmal Tn-‘tns‘f%{ o:??'(csswc ot a
distonce ~ from +he centval axis. We know that fn case of unifovm
weoy, the u’nJrensiJnf of pressure vaxies fn\/f.Ysc[:a/ with e disfance.
P.('Y = € (o constant)
and +he load +vonsmitked Yo Hhe Ying,

-
oY

—_——

< = ~

Sw = E,A(Q_m-c{'v-z .%*:?ﬂ‘f.dw' = 27C. dv

. Tolal load dvansmitded ‘o the becainty’

R
I :J. onc.dv -
Q

-

27C Dr]f e 2RC. R Cow) C =
we. know 4hat dvictional torque ac—(-fn?f oy the 'n'n%/,
Ty

2R

)]

2 BCosecat. vidy = 27K _f:.r_ x cosecy. =dv

n

2/ -C COSEC( ¥ dY

Lo Todal Frickional ““‘?}l*ﬁ “d"‘m}’ e the Bcaﬂnal’

"R R
T= ,[ ’-WH‘C- cosecd v-dy < 2?“'M C. cosecd T% Jn
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eubskjrulin?( dhe volue oF ¢, we have

bR
T = A% %R*wsccot.-%z ,ﬁ—‘i—*ﬁmg.cosec.i

\

TT&PCZOidal oY +Yunca+ac( ConfcoJ PVNO'} Beo:ﬁngx

Tf the Pivo+ bcou'mca/ is no"} conical, but o Frustrum
of a cone with Ny & Y3, the extevnal and infevmal ~odius as

shown in F.'a,,-\—he,n

{
!

1

|

|

} AYCO .,:)C the b_t(l‘ﬁﬂ? SLW:FCLCC/
i! A= 7w [[en)'= (g

|

In-knsih,/ of uniform p¥essure,

, Fo = : ) KECY.];:I_CY;_)lJ =
Considexing’ uniform pressuve
The totol tovgque ackngfl on the b“ﬂiny s obtuined i
fn“‘gfalr{ny the svalue of T within the limids v § Yo
' Todal towque o.c-(-:n:a/ on the bearing,
j.';.?rp- b, cosecal- vEdy = 17\}*-?\‘ osec [352 ]::_

Y3

T

LA Py cOsECK ['“3 -5 ]
3
Subskkvhn-x the value o Pn Hom cq,mkonﬂ)

n
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3 5.
2
T = 2N X — W * COSeCal "" 2
2 .2
)l O, ]

3
T= _2-. Hw cosSecs "{"
3 ~E "fz

Cor\sidc'rn’r\c(:( uniform weay
The l\oad daansmidted to the —-‘Kng‘,
Sw = 2vc. dv

2. Totald load -H’Zl\r\SM'r}-ch 4o the fﬁnT,
|
W =J o dv = 9mC E"(j = 2RC (v —"2)
Y

2

c = W > @
AN (~Y2) " ’:FU.{
we know dhat Ahe torgue oc;knca/ on the rrtny, considexing uni m

weay, 19
T = SR C. Coseca Y-y

‘. Total -l-cﬂq),te ac;{—?ny o0 e bm’ﬂn?/,

vy ~+ ‘T‘
T= ] 27 c. cosecd.¥- dy = 27"’-* C COSM[ ]

Ty

T = 7TUC-coseca [:rr?‘,_ q’j‘]

Subsjri-tu"ﬁar 4ne value nf C .Lﬂm C‘—q}ta'f-ion &

[N . 3
=7 M x % COSecol: | Vi — V2
H 9..7&'(-“_.-»(2_) E J
T « -'—e-e MW (o 47, cosece = W R eoseld

& +'\'2_

wheve R - Mean -(L\CLLCS ;{-—frha bﬁo:nﬂ?,
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ww.FIrs ker.com er.com
tameter of +he collays is HOO mm and +he shafd diameter s 250mm

WWW.FI

4 the fn—kns?-‘rc{ of pressure ts 035 Nlmm® (unifovm) and the coeffi-
clent F 'f“(fcjrior\ is 0:05, ﬂs'l'fmati {- powex abSWBCA when Yhe
shaft ~uns ot 105 ~*pPM. COLY“?)‘“\%/ o lood oJC 150kn ; and 2+ numbey
of collaxs «eq/u"rrc.d-

di = 400 mm  (ov) = 200 mm y P=0.:25 Nlmml’; K= 0-05

N = lOS'YF’m tor) w9 = 3:7‘—’!2 9’"*“’5: u-rad/_s'

6o = 60
I+ Power absovbed
We kaow +had fov uniform pressure, totol frictional ‘llmrq,w:

HcmsmiHCCL § 3
Ny 5 3 3
T - %}kw[ ,_71] - 2x0.05%150%(0 | 20 ~125
Y- )3 200" 125>

)}

5000 X248 = 12U0 % (0° N-mm)

T =~ (240 N-
2. Powev O.bsmbtdl P=T W

= 12H0X1l = 13640 W = 1364 kw

2: Numbey a-f collays -(cq}LI'rcd

Let N= NumbeY .;F collavs —ra{#;-mc{

we know that the 'm—knsi-’y/ .-)[ unhfm’m pressune ( p)

b= W ; 150 % (0° 1-9¢
r 27 = e
N7 [~ :f;_] N-7% [200*-125" ] i
SO L U _
0:3 %
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Sol:-
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bﬁ/a Nnumber of collavs in C_fj’fu.? i e shdf SRR %6d'mm i

diammeder The Hrusd on Ahe shaft 15 200kn and he speed s a5~pm.
ﬁku’nzf " constont ond equal 4o 0,05 and a:ssumi'ra/ i‘n‘lmsil-?/ f pressure
to 0.3 Njmm®, find he extevnol diameder of Hhe

ower las-{; in :F’n'c‘(-fan

as wniform anA CW{
collavs and dne number of collars ~equivted, if the P

s not 4o exceed 16 kw:

dz = 300 mm o~ V= I50mm =0.45m
W= 200 kn :zoo-xloz'm' , M= 005, P: 0-3 :Jlmm"‘ ‘

: 2735 _ .
Pz lckw = [6%10° W , N= 35~pm G0 w. N = FE2 =386 vadfs

Led T - Total f'r'fc_l-fona.l "hﬂ%c fransmited in N-m

we knpw Mo powesr lost in ‘f'ﬁC‘l'fOﬂ, P= T w

16‘9‘:103 =T %86
T = 2036 N-mM
Exdevnal dfamc_-l—c.*f cZF +he collar
Let  d, = Exdernol dismeder of dhe collan in medevs = 2

we know 4hed Jor unjform pressine, ofal Frickonal trrope

% K] . 2.
=Y ~
T - ’ZJ'"HM) —~ 2;_ . Z'-MDO | Yy Y Y2
. Y = T T

o

L™
Lt +(o-|'3)1' N HoaS
a3 + 7 g
2036 = Z,%0:05 %200 %0 e e ]
tto-l

2
2036% 3 (Y)+0-15) = 20 X0 f'f. +o-157¢+o-0215:]
3
Diviafing -’rhiauahou.-f b\zf S0 (0
0:305 (Y|+o-i5) = "'{,1-{- 015, 400225
1 -

Solviny tHhis as a q’uod-rcul-f( aqua-{?on

0‘|55_4_‘_J (0-155)14- 4y*x0.02373 0:;55i0.3ql

wp S —

n

2 2-

W= 0 RS PINs t Rarfke BaD i e
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o J collav g

Led N = Numbe y -:DC collars

know ~thol Tn-lc-nsf'h‘r g pressure CP),

W

P SR
P n 7\'['{.1*_1’:]

3
20010 .62
03 —m0 ——— T = T
N~ [(11{9.5)"._ Uso)’j 1
- 62 5.y tex) 6
n = 03
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| A Fiction cb&%ﬁw&%aﬁ%r-cmﬁpa\ WP ERERATKE LD M smi-
‘ss,?on of powe of shafts and moachines which must be stvted ond
fstPFQA {fcq/ucnfl\a/. Tts OFPI.'cQ-hon 15 also found 1n cases in which
Powey is to be deliveved to mochine s FQT#QH"{ oY :ﬁulha/ looded » The
Sovce of dwickion is used 4o slaxt “Hhe diven shaft from ~est ““djmd'

the. prOpev spccA without excessive si:ﬂ:&nz( of 4

uaHlJ’ b-ﬁnas it up +o
\‘-H'lc :F'ﬁc'Hon snidaces. A au—lomobilf—s, fsichon clutch is used 4o connect

i‘“’t engine o the divery shoft In oFc«m-l—ima/ such o cluteh, care should

be doken so Hol dhe fichon surfaces enguge easfla/ and yuduallzz brings
e driven shaft up o prope SP,;“J.'TW. pYopev a\ijnme_n{ of +he. beowing,
must be maindnined and 4 should be located as C'lose Yo dhe clutch ag

%éoss?L\c. Tt oy be noted ~+had |

"The condact swdaces shauld develop o frichonal fovce ot may’ pick

Eup and hgld the load with wc.asonulala/ lowo prre ssuve bedween the contact

%suvhccs,

* e heat of feickion should be ~opidly dissipatid and tendency”+o
3o should be ot @ mintmum- |

3 e suvfuces s‘ﬁou(c[ be backed bLﬂ/ o motvial shiff cnoua,lq 4o ensure
a wcasonal:(% uniform distribudion of pressure- N

The %fciron clidehes A& e 'Followfna/ —hmacs
\* Disc oy P\cr{-e clutches Csirg le disc ov mul-h"alc disc Clwir.fq)

2 Cone Clu‘l‘cf'\cs
3- Ccnhffcgq( C[LL‘LC_(,@S

The disc and cone cludches aye bosed on 4he same 49,.:01.2(
05 4he PTVO“'E, collar becu‘mars—

www.FirstRanker.com
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oice _ _ |
fuity ['I " ‘WWW‘,II:) F?IBRH[(%P,@F;LL& £ (;#1; WMV}W(I;_}H"é'tﬁ*] kbrzc o) N, ’

Mg d W e ahown 10 ?'5’/;-’-’)) ' olode
I',r.oRAfc 3isb o

/, )
v

W B

i
A . |
‘1 T ) s

{

!'J' K
At ) 1)

CyleATsn
i.ur{nr(

e T2 Torque Areanmnilfed lmd/ the cludch
P s 'I'Mrnrﬂ'd/ o axlol pressure with Which Yhe cordact

cuvfoces ove held 403(.4%{;{

IR PR Logdernal q'rr\‘{f.'(ng_‘ “odil -J ‘ﬁn’du'oﬂ faccs

IA '.4 ./rl.r'”l('l"r\'l. n'{ ‘{’f((“l)ﬂ
Amaider an ._o,,\rmm-in'rti/ --('m% ,‘( wodius ~/ ond hickness dv

an ehowry i F(()Ua')-

e | riow) s“r\(y‘ oyYen I;;{ COﬂ‘lOC{ SUV’[OCC of '{7;&(’:0“ SLLY'JfaCC

a OQAY! el
|
il Nn'lmn,\ 0“( ()'XT()_\ ~fo'(cc on “he. *rln%

Sl w Pressure X Aveo

dw « Py g A6 i
and =\he fm Vool fn-frr on the «(ma/ uc.-{’.ny -’mr_\jcn-ln’alh.{ o

wodlun v,

. \ quu -P-)( QAT Cl'f

o [3] A‘l \(l.il\j -
v 8 |
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Let P be the nowmal 0 ensihy of pReSSre o A e dance

o'_( the cldeh: Since Ahe Tn-knsi-lmy oF pressune
w with dhe distance, Yhevefove

P.'T:: < oY P:: %’

and the wormal 3[011': an the ""“3')

’ C ’ - nw'TC A’I/
dw = praardy = .:‘74-&17)’&'}' 7

‘.-'To":a\ 3Ce'r<c c\CJn'r\?-' o the 'f*ﬂ‘d'foﬂ Sw\-(o.cc

~

i 1 —"Ya
W = L'zrvcclv = em¢ [, = 27¢ [~
2-

W

-

we knoxo dhod the a(-n‘ohom[ -&-{ci/uc ac%naf on Hhe 'rinca/

T - sAppardy = 2 px Sxatdv = eapevdy

. ’YD-{T\\ g‘\'ic'('ioﬂ&l +wq}u: on the ‘FYiC'(‘TOﬂ &L‘-’\‘l[('LCC,

>R -

/] A | S
N
P

T3

w [ '\’:‘"— .f;— _]

270 )

= AMC [ﬁ'flﬁ'}J = WM X

w"'\c;e_ R = Mean ~adius oCF'HV— A‘?C—hon am‘{cuc = =

=
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Consi o~ PGtWWM:FlrgtRﬁrikﬁr cony foce anWMFdLﬂRﬂﬂqurng&) « Since
-+h¢ aveo. of con+ac-é of o POW of fvicton swface §s a :Fms-l-"rurr\ of
a cone, thevefore e tovgue +vaasmited b‘zj/ the cone clutch s

be dedevmined in the stmilox monner as discussed 4’* conical PM{

becwir\as .

Let P, -..-In'jrtr'\sll'l'lz/ %A pressure with which +he conical
fvickon suvfaces ove held +0‘j¢+|‘\c.~r Cire novmal
pressure between “c.on'lnc{l Sttracacas),

Ny § Yy — Ou:ltY G‘Inm,r 'fcaclfus a:F —ﬁn’c-(vfor\ ,Suvaélces

. )+
- R- Mean vodius of the Friction surface = ’I—-f"

X~ Semp arg\c of e cone Calso called face N’!_gle of
e cone or -he cmjlc oFf the Fickion swvface with
+he axfs oFf the cluteh

M- Coefficient of faicdion bedween condacd surfaces

b - widdh oF dhe contoct surdoces Calso known as _:GlCc
widdh ov clutch 'fa(_c)

/

FI:) * F—n'r-l?m')

www.FirstRanker.com
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shown in Fua{b') LL‘(’ \g W’Flr é‘?\g -ﬂr\%/ :FW'W]%F:ﬁ?'tr.R-POKe &Ymacc

Sud'\ "Hno&
d¢ = dv. cosecw

. Aveo o& ‘he ﬁin%, A- 27 dL = 2RY d~ cosec

we shall considey the follouﬁn7 o coses -

e When theve (s o uniform ?—-tesswe

2- when there is o unifoxm weay
Cons?deﬁncx unifoem pressuve
We know +hat normal  lopd ac-l—fn%/ on +he 'ﬁna/
&Uﬂ = Novmal pYessure X Aveo of "‘my

Swr\= Pr\ X Q-WYCJ:Y cosecol
ond —the axiol load ac-l—mg on ‘the ""“3’;

S = Wovizontal component of Gwn Ci-c. in +he disectton W)

S = Swn stneg = P oy dy cosecd - sin = 271 E\*{dy

t. Todal axial load dvansmited 4o the cludeh ov the axial spring

—fo-{cc 'req/uj'rcc‘ 5
1
W = j 2Ap~dvy = 9AP,

V2

L"Y|

p B 2
} . 9% Pﬂ["n;'Tz,J
i

W = 7\-‘3',1 [’fﬁ———')’;‘]
N}
P{\ = WE"L—Y’}J
we know ot fvictional Jovece on e 'f?n(b/ adw‘nzf hnjcnln'allsf ot

'fOCll'LLS -,

—> 0

= Mdwa = X bx2A7dvcosecy

Tric iicna‘ -161q,uc ac«kn% en e -r.'ma/'

Tr: FeRY = r\-k Pax 2Ar dv cosecal <7

Ty TA [P, c05ecl ¥ a7
www.FirstRanker.com
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utcn,

‘-%m loda| J~icdional 4c~/q/uc on e
| . Tokal dickional devque,
i

3
™ x .
] 2?THPntoscco<.-;1‘c{1 = 27 P f’ncosdc-{ { 3 ]
V2

T

1

T

T

"

3 3
~D
ZTPPnCoscu[ ‘3 lj

substiduding Hhe volue of b, from equation @, we get

1
| 3 3
<! e 1 -—YJ_
5 T = ZAKk® W Cos5e
| I Al 2] xcesees ) 73
|
| 33
—,
T= Z pw cosecy Sllalli s
3 T -

‘ Cons?duiﬂa' uniform weoy

| Let b, be dhe no'fma\ Tﬂ'ltnsi-lt{ o:f pressure ot o disdance
}Y fvom dhe axis of 4he cludch. We know thad, in case of uniferm wear,
dhe fn'hnsi%.{ of prcssure varies fnvcvsclmr with the disdance-

_ c
R-x'vr_c o) }:T-: -

we know that He novmal load oc{wﬂ?/ on the 'ﬁn%

dwpn = Notmal pIessure x Avea of “ing-

= B % 2avdvy coseca
and axial load ac_*{-?m.}/ on the -ﬁm}/
dw = cﬁun sinel = P.[—J(- :Lan{ COsec.Laq!)‘ﬂ-( = P.,,*S’-?IYJY

S - _S_/, 27YdY - 2ncdy

! Todol axjal load dvonsmiled 4o the c(ka\’

i Yl
w:j emcdy = lﬂC[*]-@ = 2Aac[m-m]
/8

W
2A[N-75) =

we know +hod Hickonal fovce ac-kn%/ on the Ting;

www.FirstRanker.com
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ol *f;ri'r.-"’iono.\ -’tr.v-tr.vu‘ ac.i’m% oy Hhe —:inqp
Tyrz FeXxY = p-k% P.,v)(; 27\”1’:41( COSCCHA Y

: f&-\(' ..%/" x 9_7('-7"":47 coseCH

Ty = 27MC. cosecel, ~cdy
2 Todal Frickionsd “+ortq e ac:‘r?n%/ on the clutch
, &

A\ g 3o
T = D—W[A(_»COSCCn(-"(c{Y = 9-?‘1‘}«((.. coseCd [,, :ln_
12 )

2 2
T
T-= D-?\‘IAC.Coscca([' ’L]

2

-‘Sbtbsjr-’n“u\'hr\?{ the volue of ¢ From eq)m-han @, we have

e L
€y Y,

w :
Yy o W COBCLR), J
9_7|-H “ 27 Efl -'Yl‘] =

Hw,(oae_cag [:f_'_‘{lﬁ:] 5 ,bUAJ RcoseC< —_— @

T

M

T

n

wheve B = f‘_‘%‘ﬁ: =~ Mean ~odis a‘f 'Jc-r'ic.-[ra‘on SW\’FCLCG-

W

H face Wn= 5
Since Yne normal §m’(e ac.-t‘in% on -the Frichon sun 07 sinedl

Hrevefore Ane equadion B may be withen &
T = Hwn R 2 (E)

www.FirstRanker.com



- R [—‘il“g“fﬁé"h (er.com -
L iirstrankiﬁiabw+o dedgonmins  rearmee o mend stm\ﬂﬂ[ﬁg&%ﬁkemr#uow’m?
}P’{OCQALLYC’. (s adoPJrad -

l
;il- Mass of the shocs
i

|
i
i
i
r

Fig: Fovces on a shoe of cen%:ﬁja\ cluteh
Considexr one shoe o-f: Qo Ccn-('n'ﬁ/ﬁa{ C,[w[-c,k as Showa in F;j,

Let va - Mass of each shoe

N - Numbey of dnoes
Distance of centre o:‘:_g'mw’-h{ od- the shoe foom Hhe

centre of 4he spidev

-~ —

R - Tnside ~adius of +he pulleys ~im
N= Running speed of the pulleys tn vpm
W - Angulay -mnning/ speed of 4he Fullc\?/ ta ved [s
W, - Anguloy speed of which the engagement begins +o
toke ploce
| M- Coefficlent of friction befween dhe shoe g im
| we koo kot e cenbifunal free acking on each shoe at the
wunning  speed

o) I |
[o = BV VAsY

i www.FirstRanker.com
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at the speed af whidW WJ@&BQHK?J mbgrnsw‘“-ﬁv%'”n[?fﬁé‘”kﬁ(ac&ﬁ“
P = (U, ) '
' The wned oudwavd ~adial force Ciee. cen'ﬁrfﬁ&ja[ fofce) with
the shoe presses 6\3&‘((\5'[, Yhe 7tm od the fwnnfn?/ 5Fcccf

= PC" P5
and Hhe dvickonal fovee ac:(-?na* -kwye.n-h"alha/ on cach shoe,
F = f‘* CR- Ps)

!

Fickoal torque actingon each shoe,
= FxR = M(P-PR)%xR

and dota | tovque AvansmiHed,

T=MCE-R)Rxn =nFR

e FHom -his exf"fcssidﬂ,'\ﬁe mass oF the shocs (m) o 4 e
! evoluatad -

!

22* Size of the shoes

| Let L — condact lengdh of 4he shoes

; b— width e shoes

R- contact wodiug of the shoes. Tt is same as,

| the tnside ~vadiug of the oim of +Hhe pulley

©- Andlc subtended blg the shoes at the centre
of Hhe spidex tn ~edians

b~ '.En'{‘ﬁﬂsf*{'u/ od- pressuve exevlzd onthe shoe.
Th ovdev +o ensuve weasonable |ife, +he tn#ensfﬂ

o'f P‘YCSSLLYG'. mo.ndf be +oken af Ol t\l(mm"“

we  know that
O = ,'%__-fc\cf tox) L=0.R

' Avea of contact of dhe shoe,

. 4 L
A= L0

www.FirstRanker.com
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strank2Ps cholce .
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Since Yhe :ﬁmrcc with which the shoe presses against the
i ook the 'Yunn'mca/ 5Fce.q| ts (P -F),
Lbp=FR- s
F;om —';6-\:5 ﬁI_{:T&SSTDﬂ,Jrhe w,\CL_H’) oi‘: 5[’101 Cb) ma(ﬁ bf OL'I'ﬂfnCA-

www.FirstRanker.com
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® | A single plati cludeh, with both sides effective, has ouder g fnner

diametevs zoomm € 200mm 'rcsFecl-’xve_la- The maximum 7n'|f{)5|'+'3/ of Pfr.:SSuYe

ot anz/ Po',n-]; n dhe _c:or\-"ach SW:(CLCC s no% +o e:xcce,cJ 0-1\ r\l[mm')-_ T Hhe

coe flicient of fickon s 0.3, detevmine the powey 'Har‘s‘“:_"”ﬁd by clutel
ot a sPcc_cl gSe0 VAT

1
_gol‘."' di = 300mm ¥) ) = I50mm 7 Pmﬂ: O\ t\flmm
da = 200mm co¥) Tz = \00mMm
H: Ol3

27N 2'_—_______70)&.‘2590 = 261-8 """”.5
. N= 2500 YPM™

cov) W= 60 60

Since +he Tn-lc.ns"\lndf oF pressuve (k) 15 maxtmum ot dhe fnnex
~odius C(¥2), 4hevedove fov wnifosm weary,

Py = € (o) c= 0:1%100 =10 N(rm

we know -qu;-‘- +he (xﬂa( "H'\"’(‘LLS‘E,

W
‘ - = 342N
N = 2me Ci—Ya) () C =

2R (n=¥2)
and mean ~odis oF the rickton sundaces :\4:‘7{ untform  wean
N + Yo

- Lo - 125mm = 025 ™M
2 - 2.

R =

we  know that '('U'a‘q)xe fyansmiHed ,

T=0N(MWR =

23 0-3%3HL X0125
T = 235.65 N—-mMm ( Nn=<2, i%{ both sides & Pla:l:_

sux{ace)
> Fowex +’mﬂ5m’|-|'|r,al ba'cx cludeh, )

P- T'WO = 235.65 %2668 = Gl693 W = 61-693 kw

www.FirstRanker.com
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The. semi~ cone an_glc V‘é"""‘ﬁ%’rs&'?\%‘kwnbcﬁici‘é’H‘E"-'foSB‘%?E%(»\CQ@ 02 LF

s R Alemedes ok e bc’_a;rinc{ sundace ts 335mm and the Tnkns.'ﬁ{
te nol 4o exceed 0-25 N[mm®, find the dimensions

of nosmal pressuve ‘
o e conial bcam?nty 5m{acc and -he axiol \oad '{W"‘ﬁd'
21N =156 "lftkcl/s
qo kw = 400> W , N= 1500 4pm (ox) LO= %0
b - 0-25 fmat

D= 335 om (o) R= 1835 MM,

i

P

o= 20 i M:O'-’—,

11

Dimen stons o;(- "'nc conteal bda-ﬁn% SW\WCOLCL‘;
Let o § Yo — Exlemal & tndexnal ~adil of +Hhe bfmr?ﬂTsur-ﬁu
b widty of +he bca'ffng/ sw-‘{au_ W mm

T - T()'{obue -‘l’l'aﬂﬁm:"‘(’id

We  know ook power(’ Aonsmitted
P =T

Q0 %10° = T %156
T = 53% N-m = 533 % lo> N-Mmm

and Yhe -‘rwq),\c doansm’ Ied
T= 27 KP, R b

n
533XI0° = 2/W%0:2%0°25 X \8H5 xb

b= 52:2 mm
M\ AV = 2R = 2 %x182.5 — 2335 mm —> @©

We  know hat

~i— Ty = bSO = 52:2 singo” =I8mm —> &

Fvom eq}xa-(-iom, 04O

~= \46.-5 mm, 2= \38:5 mm

Aifa\ lood YCQ}AH&J CJ
Since tn case A frichion cludch, unidorm wean 15 co:ﬂs:jae
c

and dhe Tndensity f pressuve ts moximum ot 4he winimum €20

stmfafc 'fOkd'l'M Cvs), theve §D’YC ¢ Nlmm
” = N £ = pnS X 128 = Y-
Pn 72— & VT .
www.FirstRanker.com
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W= Wwvav. ErvstRémker.com ) ¢ veww-FiestRamker.com

W = 2 xbs (196:5-1385) = S0LsS N

=

AN cng?nc JevcloPinaf 45 kw ot 1000 YpM 'S fg’-H—;Q with o cone cludch
built inside dhe —flbwlnccl. The cone has o foce angle of 12:5° and  o. maxi-
M meon diameder of 500 mm. The coefficient of dxickion s 0:2-The
noymal pressure on the clutch foce fs not to exceed o N [
Dedevmine 1 (« the axial swfngz dovce necessary o €1929¢ +o clutch, €
2: 4he foce width '\’Ccvﬂ-rccl

p-= sk = 45 %10° W ,  N= 000 rpM  o¥) u9= 2’—7;—:)—\1- = loL(-?-*mc‘/s

oL = |2+5° ; D=s500mm (o) R = 250mm -:—O-'LSrY']/ M:O-‘Z—

pums

n= 0.\ l\.llmmq"

le Axfal SFTfﬂZ/ fovce mccssav-fh engage the C'l‘&""d'l

we knoo +Haod powey’ dc.vdopc,d bt{ Hne cludch
P-; T U9
LUsX10° =T 0.3

T=2 430 N-M
we also know Hhot +he ‘orque &e.vc[oftd by the cutch
T= MWnR
Y30=0-2 X n %025
Wn = 8600 N
ond axfal s?vin?/ ;Gyrce. nr’_ccssoma/-l-o engage Hne cLL-ch,
We = Wn (sine + rcos<)

= $600 ($1N12:5°40°2.C0512:5 ) =3540 N

2- Face widH, -feq)ﬂ'ful
: Led b~ Face widdh veqpuived

we know +hat novmal load ac-hn%/ o e Frtcton Sislide
Wa= Pa%x27TR D
Q600 = b % 2A %250 xb = 0.l X% 27T %256 % b

b= 543 mm

www.FirstRanker.com
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istranker fehbrceke T o device by rmeans of syt ciel fricton
~esistance is applfcd to a mw.’naz machine membey, in ovder to vetord
oY s-ioi:: Yhe moton of a machine -

T the pyocess of Pt'v’:[wmmgz Hnis funckion the bvake absork,
eithey kinetic enegy of the movinaz member ov potential eney-given
up bb/ obfects bcu’ny loweved b\{ ho{s'&é, elevodors ete. The "-”‘-’3“1/&55“75&1
b‘ﬁ bvokes is dTS%?FOIflA n the form of heat. This heat is dfssipa%u:‘ in
the Suvrouf\c!inc}/ aiv Cov wotey which is civeulated 'Hwoua'ln the. passoges

in4he bvake dvum) so thot excessive hmﬂn?/ of the bvake \Tningz does
ot take P(acc.

The cc\imci-ha/ of o byoke depends  wpon the :Collowfnzf facdovs -
I+ The unit pressure bebween dhe bmk;n?, suvfoces
2° The coefficient of Hrickon between Ahe b'f(,\ki'ﬂgx suvfaces
3 The pewipheval velocity of the byvake dwvum

4 The. pvo J’ec-kd ovea of the Friction suva(accs, and

S The obilidy of dhe brake +o cl.’ssq:at heat &q/ulvcdcn{ to the enevgy
Befnaa absevbed- '

The majov Junchional diffevence bedween a cludeh and o bvake
is thot a cludch s used +o keep the d’ﬁvfn%/ and dviven membey moving
fogether; wheveas brokes are used 4o stop o moving’ member o o contrel
s ‘epecd.

Types of Byakes

The brokes, accmd?n«a/ to the means used for tvansfrmin
energy bla/"l’ha b'}’&l'(l.n?/ akmen*S, ave classified as-

y’l‘hc.

I- Hydvoulic brvakes €g- pumps oY hyd-rkoxnmfc brake g fluid agifotov,
2- Elechvic brokes e-g. genevators and cdéy, cuvvent bnkes, and

2+ Mechanical brakes

www.FirstRanker.com
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A sinjlc Hocwwcrvyf gﬂogn@dﬁ%n 's sho"é’o"r"\""-ﬂrs&,a@?‘ﬁr-%%msis{ﬁ
ojca bleck ov shoe which (s P'n:ssaci Ctga?ﬂs{ Hne «im of o «cvolvina/

E'TCILC whce.[ cl'rum. The b\uck 15 made, o:)c o So:ﬁtx ma‘tm'o.\ +on the

' ony ~ail
w1 of +he wheel. This +\m;e of o bvake is Commonl.?/ used on ~eilwoy”
fviction bedween Ahe Llock and *he Wheel

teh ~etord
causes @ ‘{'w‘\g{n‘kal l:rmlcfna/ fovce o act on the whc_cl, which ~c
cttjoins'k the wheel by

the ~odotion of Hhe wheel: Tae block is P'rcssecl

a fovee QPP{;F_J Yo one end of o levex +o which “he block s 'ffjic“%

1 ’vo'('cc.l on o
fixed as showa in Fiaf The othey end of dhe lever 15 P

fxexj ‘[Lklcvum 0.
L L Fig i Line of action

o‘f hnje,n -!-,’Ql fo-{c.(.

Passes %—rou%h
“+he fulc'wmq oif Hhe

P lever-

) clockwise ~otntion
of bvoke wheel

'P

b) An¥clockwise votodion
»F broke wheel

L~

www.FirstiRanker.com
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Ruy- Novrmal| Force PT‘:SS""& the V‘ﬂat( FLap ¥ 00 Hhe Whee|

o — Rodius of dhe. wheel

| 20 - Angle of contoct suvdace of dhe block

Ft - Tangenkal bmkiny £oce ox 4ne FricHon| force

i odw'nzf ok dhe comdact surdface of 4he block g he wheel
M= Coefficient of fxiction

‘ Tf Hhe 0.\.251& of conJrac(: s less than 60°, +hen i+ mcudf be
| assumed Hhat the novmal pressure between the block ond the wheel
s uniform. Tn such cases, hngcn'\'-h\ b’(aldnz/ foxce on the whcc[,

= P\QN
ond Hhe b’a’aldnaf +0’rcux€, TB: F‘é*‘f = Ru-Y

Let us now considey 4he following Yyrece cases

When 4ne line of ackion oF 'Jran_qano.l l:ﬂaf:m%/ {ovce CFL_) passes
'H’\"Wah +he :ﬁ-tltxum 0 JC'H'\C le—VCvY' and the byoke wheel votades

clockwise os shown in Fig @), “Hhen for eq}u\lbnum,'ln[ungf moments
obout he tQL‘C'Yum 0, we hove

Ruyxx — Pxl =0
_Px1L

X

S BYCLLInzz +o-rq,ue. 'T = M- Ry-Y = M2 E—L-\T = -t%:

Ex e | be noted dhad when the bvake wheel ~otades ondiclock

85 shown in F'ig(b)'-\hcn 4he bml:}na torque is same, i-e
P Loy

X

'T?b‘: H'EN'Y -

www.FirstRanker.com
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o) clockwise vototion

o-f—.bw(akt_ whee
VP
b) Ardiclockwise +ototon
} of brake wheel
P

Fig: Line of action Fr Passes below +he Z(!-J.lc—ru_n—;

When e line of action of the “Hangen¥al I:rral-:ir?/ force (R) posses

-Hnouak o distance ‘&' below the fulevum 0, and Hdhe bvake wheel
'~votodes clockwise es shown in Fié-f_a),%c,n fov equi(i bvium, —l—akima,

| momentds about Hhe Fulcrum 0,

| RNXX 4+ foxa —PxL

P L
x-uuux

1 R,\mx—y}km*azpﬂ tov) Ry =

and bmking +orque, Ty = ARyY

_ BRLY
BT xtma

When dne. brake wheel ~ototy an-L'\c\oclcwise, as shown in F-‘afcb),

then for e.o‘}dll bxium
R Xyorw FetfehrankertBm=©




!
- Hl
A lFirstra nker's choice

|
|
|
|

FirstRankerzgem-p L - MRuxa =0 .
R Cl\fgv_wplf'&%t@npaeygcom o) \R\de:ir—s-t-lgé-ﬂ-ker.com

and Erm(c‘ma, Yovque , Tp= MRnY

Tg

COse3:

M p L

X — o

X - M.

o) clockwise votadion

o:[’ b—:akc u)hccl

bB) Andiclockwise votadion
oF byake wheel

Fig* Line of ackion of Fe Passes above +he fu!hum

When e line of ackion of he "rdqgm-i-fal b'ml:in?-é-(cc (R ) passes
‘H'"“Lah o distance "o above 4he {fulevum 0, ond Hhe broke wheel
modates clockwise as shown in Fig ca, then for cq,uil.'b-n‘um}akiny

"\O!hen“‘s about ‘the ’JQ.L\C.'TL&W\ 0, we have

Ruxx —PxL—Fxa=o

R xx _Wﬁlil;\}llzirslhl:%aem'(a%

=0
om




al:
A
|
|

irstRanker.comx-pro) - pt v g, - _PX Y

. , ) pr
irstranker's choice www.FirstRanker.com www.FirstRanker.com
and bwal‘-iny -l—mrci/ue, Tg = MRy
P Ly
Te® “x_pa

When dhe baake wheel ~ofodes anticlockwise as shown in Figlh),
then for ecz/utlibqium,-hkina moments about Hhe Jilevum 0, we hove

Rpj*’x +Et*0--Pi =0

P L
RuXX+ MRyxa- P.L=0 (ov) Ry = ;}1‘;
b'fakf“a’ +o~(cl/ue, Te= M-Rg-Y
P LY
Tg = g o

www.FirstRanker.com
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b) Anliclockwise vototion oF dvum
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2

Nel
\-..‘.r‘.s‘:'.:‘

6 : ! i
el T

oj:a 'ﬂexi&[e band aJC LCQ‘H‘KY one

MO NQPeS. o @ W‘Q’JF'ﬂﬁﬁ@Kﬁf@?%-c%cnwm)ﬁ’ffﬁﬂR@ﬁ%rhC%hms

u.\’\‘ L.-.L"T‘.‘ 2

< a4

of Hhe dvum. A band bryaks, as shoon in

Q Smple Land Bvake in which one end of the band s

-~

re & Yixeg Fin oY fd e oF e lever while dhe other end
. r
2 chea Yo the l2uer o+ @ diskence b e e sulerum.
r~ d i ¥
When a revee P ois applied 4o the lever ot €, the lever Ttoms
. d hence
Idue e W Gum T @ and -‘.:aﬂ-,Lms Yhe Band oa the drum o
|
2 Qees e c\..:l:“icé- The Sxiclica bedween the band and ine drum
E . ~ ¥ o E e« r~ ~ ; i &
TS he h&mj Tvecs The ke P oen +he lover or € manlrbc&'&m“d
b
2
' " . f s
LaF T, — Tension wn e --?8}*"‘: l_..clc :T'Th‘-'- ban:l
=i £
T35 — TEnsioaq i he slack sice T < band
& — Apnsle »— las Coy emb~ac £e) o3 ““'Lr,c band an 4he dyuum
L~ C‘:e:‘,‘—’:.‘cien': £ Gicken behoesn e Eonc;ci e dvum
~ — Radius o Hre drum
L _ Thickeess »f ¥he Band
o~ r -’_
Ne — :.__»C'“:C ~oQiUs o --r‘e,mu.fn = X+ -'—'_-L—

l ﬁ.lu“‘c € ) \ T s
= & 23 G .2 —_— | =
= =2l (F) = 1
C—
~ . ~ I -—
2 oTREey oy CS oy TTNe QYW = 1 — z
, o . B Y v |
- S‘u_icf'-o] Qe & e GCILuMm
o
T = (W
IE —_— K‘ 1

"
IR

e —

Na:j-l:.:iw'n-/y thickness oT barci)
-

Ccmsic‘:n In;- Hickness . Ecml)
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The bord brake mau.{f be lined wiHh blocks of wood o¥ other mataial,
as Shown in Ffaf-'ﬂ;wc fiickion between 4he blocks and the dvum P“DVTdCS
b’fa‘dng ackion. Led dhere ave 'n' number of blocks , each subtending: an
angle 2@ ot -the centve and the dvum ~olates i andiclockwise divecdion.

Let T, - Tension n the -HaH' side

T, - Tension in 4he slack side

H— Coc:gic.icn{ o“.F '?ﬁc-\rior\ between “he. blocks E'LAYum
bond between dhe 4115*“, gecond block

‘-r;‘ _ Tensiony 1N +the

2" l& — Tenslon in the bar\c‘ bc:huccn +he sc.concl % -H\Hcl b\a(_k’
I , ]3 tc. e
bz:hocan Ahe —l‘h'i'icl ﬁ fowr-l'h b\od’- ete.

% Consider sne of e blocks C50.lj/ {rst

{‘Tﬁfs is in equilib~vium wnder the ackion o he 's(ollow'mfy fovces ;
s

\:s\oc.lc) as shown in F:'g' (b)

. Teasien in he 4—‘13&& side CT,)
Tension in the dack side C‘T;‘) ot 4ension 1n the baond bedween Hhe

1o

Tr'ws‘l—g second block
. Nommal veackon of Hhe dvum on dne block CRn)

W

G- The Jorce of Trichon (MR~
www.FirstRanker.com
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o e Lnge —_—

[?r-)olv'.na e doices ".nngf-‘thnll:l'
{.T.I “-"T:) (ou® = l‘ “-H I (.\
I_\!\,,-.d.'n-a r.‘l;n‘im\ &) \“d'(ﬂ_ we have

My

‘:‘J

(1 -, ) ¢cosO

(7, 47, ) sin®

(Ti-T') - pTane (T+T))

y b i+ M Tang
Ll

o 1= p Tang

p [ . e -4 )
S.'rrilm('d’, i1 can be pwm-rn' fev cach of e blocks Hhat

.I;I 'TJ‘ ’I_ll ¢"‘ . \ st-,-l .‘(‘_n—{)
:T . ':]:.. ) 'TI.T T ‘-|‘2 1= pT1ano
_— \ —— ! = -} T \a ]
T. ) ,._1' x .Tu - :2. 7n~| M
T ey tarr oy (e
11 ] 3 i 2

metina' 'io-nvw on “he dmium od effecdive -;-(ul&q Ye
= (Tp-T,_) Ye
(fi-Ta) e ¢ Ni‘)\“ 'hr\ta/' nickness of W)

Node r foy dhe dtrgd block, dhe dension in the 4-!3!«4- tlde 15 T, and in the

slack side ts T, and for the second block, dhe tension o the ’H()H_ K

is T' and in the slack side is s Simtlarly fov e Ahivd  block,+he denslen

10 Hhe 413h+ side is T, ond in “the dack side 1s T
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LAl "“") LY "] € .’,’f( J:U:

Ji't"mr‘ 4('1- The dvumy and ”‘1“‘} “‘l "rtm},r.{ en the same .';l‘:n‘{ has o mia 5"
L *
1 p—
,‘{ 2000 ,L—'] nl\(J O (l"ﬂ!':i‘u“l "\iu‘{-l("; el '):"“'4;?""’ OJ‘ “00 Mmimle he $ f'l‘”;‘J
o !

‘t“"n the bond are aldached 4o {‘:-\.'j. on opy side sides o the buake lever al

# -
. y . - ) ! p
chr}-{nn(t‘f; et 2D mm and 120 mm {"p.n {he :h‘( tum. LT o Jotwe . APON 15

4

| { [ P »
(‘Pr’h'd’ n‘! (@Y A;‘,*nn(‘f‘ .3 150 mm _)(vra'-\ e Julﬁum, .{N\J: I+ Mo aimun

h'ull;:ﬂ?- {p-,qu( . 2 (‘)njulrn' 1"41‘1(‘.’(\"1‘(‘!'\ 'i “\‘( ({Yun), 0."{ 3 4;"](’, ‘.GL('W 11?

the 1,&3-,-{('\1 o ceme 4o 044 Lvem e valded f-i‘c.'.c‘ r3r L0 '1f’"7 The COI‘{,";:Q{‘I\!_
(

A

) ) o
P taic bion ‘sr“\dt‘fl'] Hacke ana l"ilun‘ Mg bhe 4nben a5 o025
)

Sol.- n= It 216" (ev) O: 35
{ / 10 ) !( . ”-;5.0.“.-1\1
d=4m (o) Yz05 ™M , = 2000 L-)
200N
O.n'ﬂ
k=500mm =p0.5m , [=200M 2 A

N = 360 1PpM

) l = 150 mm) '}4\

f(\/'
il' Mazimum bvak inaf torque I
| “The. lyyak:f,%/ 40'“2)..\: will be Maximue, —

when OB >0A and the drum ~odedes \ A0 =30 mm

onticlockwise as shown in Fa

The force P must acd qun--As.
and 4he end of 4he band affache d
to A is Hght under fencion T, and |
the end of the band attached 40 B | e

’”

lts slack undey dension Ty-

"I—cikfnc)/ moments abeud ©
I 200 X3S0 + T;% 30 — Ta*(20 =0

12Ty - 3T, = 15000 —= @

we koow thodt
T (|+ P Tane \”
To i - Tang )

www.FirstRanker.com



www.FirstRanker.com

:ll FlrstRanker EQIst'rm:p Dcom

irstranker's n:h.mee
= ;www.ﬁlmuﬁl’m}(e i

(+ 0 25%0:131F | %
7 ( ) e (:.ocg)
[—0°25 % 01317
Ti
—_— = 2:512 —> @
Ty
Fom © £Q

Tl = 8“"'{0 N , g T?--: 3360 N
we know Aot moXimum b‘mL?nZ’ -{-0'19}\6.,
Te=(T-T2)Y = (84yo-3360)0:5 = 2540 N-M

2l Anﬁufm’ *u’:lo.mla-h‘or\ A‘ +he d-rwn
Let o = Angular vedardation o the dvum

we know -H)ml b—mklngz —{-m'cv.\c
gz LA = Ky
2540 = 2000 Co-o)z;(
o = 5-08 odfs”

3 Time taken b‘a’ +re 555&”\ 1o come 1o vesd
Let t = ch}dmc{ +ime.
Since. the sw-km is o come 4o vest from +he mkd sFe.Lc/ .JC 360«fzm.

Toikal angulay 3Fcc.d,
and final angular sFecd, uy =0

we know “+hot Wy = W9 ~t (e don due to
" ue

Wy _ M ‘7C+Dr.¢ -
t= o~ 508 rdation )
t = Fe42 sec
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weosve Woe dcictioral aesicance kmw-'ﬂaf the faickiona| ~csidance, we oy

obdnin the H4orque Avonsmitded ond hence Hhe power o “Hne engine.

Typis % Dysamomielers
ﬁ)lbwma/ are the dwo 4tdpr. of riﬁmmorrr-'cyf, used for meas sucring
Wie brabe pouer of on engine .
8 /\bsmfﬁlfor\ dl/nnmornc-lt‘fs ond
2+ Transmisgion d-/mmomc dews
L the obs cr:PLon ddnowwmc levs, 4ne endive entrGyr ot power
P’Qlu(cd baf the engine 15 obeotbed b-ar-ﬂnr Lickion ~esicdances of the
oke ond in Avancforred tndo head, du:rmg Hne process of measuvement.
;PJJ" in Hthe d<onsmission dz’no:nomc-ltvs, Hhe encegy is notd wasted N
e hion bud in used {o¢ doin%/ wer( ke “the enegy er power F“Ud“-“"‘ b‘y%ﬂ
4

"ﬁmc s 4mvn’rme'r‘ “’nouah Abie dldﬂo"non’l! dev 4o some cther machines

Ua‘ffrr e powly dcur‘ofrc{ {« 'JJHnblfa mcaf,umrd

Ab:‘.crrp'! fon Dynamo me Je.-r 5
e P:on-ﬁ [?;(a_kc dlfnarqomc-lc.‘{
Ve P.apc Pria ke dta namom(lt'-‘f

Tran<mi o5lon D/nnrnofrnﬂ4f‘r‘3

1 Epfcyclic—-l'min d‘/nﬂ“‘bmt‘lt‘f

2. Pel Aansmiscion dymrmmclc-{

% TTossen d\/no.murr,c-[o,f
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N =S =

Jw
s ¥

-
|

S
V22
Levey = |
S

rlocks

—
e\

|

A 5implcs{ —(mm o{- on abSOVP*"O"\ dldnamomc'}tvf s anon7

bvake clynamonnu-hn’, as shown in Fia- 11 consists of Hwo wooden blocks

Placcd QYOLU’WA o P“““X :ﬁxcd o +the sha{'{ of an e.n_gina whose powey”

is vequived to be measuved- e blocks are clomped by mcans of fwo

1 : ovided belween
bolts and nuls, as showa in Fiaf. A helical 5p¥ings 7S PF

pressure 00 e pul lctj/ to

condvol e ch»;A."W\c uppey block has o Lonz levey attached 4o 74 ond
tts outey end- A countey wcia-h{ is plced of

the othey end of the levey which balances +he brake when unlooded -

& the lever.

e nut and Hhe upper block 4o odjust +the

cayyies a wciah{ W ot

Two stops S, S ave pTov'\dcc( 4o limi4 Hhe motion

When the broake 15 4o be put fn opevadion, dhe long/ end of
the levey 75 baded with suitable weights W ond e nuds ave Hghtened

uhil dhe engine shaft ~uns ot o constant speed and Ahe lever is in

ight W
hovizondal position- Under these conditions, the moment due 4o Fhe weigh

www FirstRanker.com

roust bolance the moment of the frictional ~esistance bedween dhe Blocks § pUiley..




l~|

FirEtRa‘mkergF_Q%tal a-l “lhe owder end n‘( 1he levey ) nrm-hm'.

Firstranker's choice FirstRank st
i FISRADKSELSOT o e WAHTBRRIRES e conlre

L - Horizonda

o] ‘TWV“J&J"“\C‘ pulley o medves,

- Fuicdional wenisdance bedween the blocks and the

pulley tn newlons,
R- Radius of e ‘)u”na/ y medves

N - speed of dhe shaft fn vpm

We know Anpl the momend of dhe $rickional wesisdance o¥ doque

on dhe. shafd |

T = W L= FIR N =1Y)

wotkdone 1w one »(cvn\u-hoﬁ
e Totque X Angle duwined In vodions
T oA N-w
weotkdone, pPev minude

r TX2NAN Nem

We kl’\DlU “ ‘J\(L“{ \j“(\ k(' Pf)w‘v{ . .':f: o“,\( "-Q_‘]fﬂc
wotkdme per minwde  TTXoaN | RELXAAN el

e . -

60 i [e]

—— -

——

GO
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‘ ‘o
00\5 / F° jc,
\o\ ba\ﬂﬁc‘
o
(%
I .
\,) Vi

Q /ZKUFC
r_ A7
L /
//‘, NN
“p secdion o4 @Heefﬂrim
- T d

Cc’ol:i-) wader -

Deod wejght

Tt is onodher form of absovp‘h’on +U1:c dznamomc:!r_v which is

™Mos+ commmljz used fov mca.swrinar-H-: byake power o-:C He m\sinc-I-*: consi-

sts of one, two ov move wopes wound avound tHhe :Fltawhcd o *im of o
P‘*“‘Y fixed -rfgfcllna/-{-o +he shcqq; o',F an er\jinc-'T'F\e_ uppeY end o‘F-H-m vopes
s attached o a sP“ﬁﬂB/ balonce while +he lower end f 4he ~opes is
‘kcF+ fn position bH’ applud&ngf o dead wdah‘f as shown in Fiaa- Tn otder o
prevent the slipping of +he ~ope over +he -ﬁ‘gwhccl, wooden blocks are
faced ot infervals avound the cixvcumderence F 4he -ﬂthhttl'
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ot o concdonl specd. “WWWIRKSIRARKEr S0y ) duwwit FSERADKEY-GOMeA e,

c«‘,qyn,l 10 b "In'uvlt‘. l,,(“mrdf '*|'um’,mi'l’lr‘rf MJ e r‘n!)fnr'.v

Ll“{ l’“ - [)r“l{ h’)“,‘ ;(’ Yl(ll}'{f)ﬂ.”!,
B .-”,ya‘m’() lm\(m(r '/rmhrvf 1 nm)-lr,r-r.,

1= l)'mmr.{(‘( .‘_( "“;f’ M(‘I(‘(‘l [vy ,,'{,’.‘(.,:.

d - Dioneder A RS ter med-ies, and

r '|hr fr.\r)ir\r, f“.‘m‘“_. (1} -4|mr)

'\J — ';rﬂ‘.f‘ X

L r-.nw{ ool o Ahe Lrvo 11('
- (l’\J“—flr) "l
we koo dhad  diatonee voved 1 one sevoludion

o ACDAD)
Lo Wotkelone ey rcfvvllt'hmi

e (W=g)A(DEd) N=M
and wortldone  pe ot e

e Cll=5)A(DAd ) A

Y Bake powey ol Ape engine,

Wotkdone pey min | (W=8)R(DAIN. )y

l{" I) S (;(, (,('1

o Ahe cl‘hnnr"lf‘f A ke epe Ced) s nf:)\r‘r*lv‘ m‘, Theny byake pewes

.'j "‘hf" Cl\()'\f\(ij
(W=)ADN e,

3. e 60
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Dynamic Foyce Ana[lfsfs

Dynamic {otces ave ossocioded with acce(cvcuhng/ masses
As all machines Yave some c\cccle-m-liny pavts, dynamic fovces are
alwaac chSen{ when Hhe machines opmraqlc. Tn situations wheve dynomfe
forces ave dom}ﬁan{ o ccmpm'ab[e_ with magnitudes of external fouces
and oPcYgAw'nca/ speeds ave hiah, dynamic oﬂ&[tfsfs has +o be cavied out:

Fov e'xam‘:\e, in casc o:F -vo%o%s which v-ro-}ocl-c ot SPCﬂc‘S moYe

Hhan 80000 Ypm, even the glightest ecc_m-}-yic‘.ha/ of Hhe centre of mass
'§10m Ahe axis o:( «okﬂrion P'foclucf:s ch{/r \n’ca'ln dyﬂam?c 1(81((’—5'1"’\75 ""‘Of,v

ine failure.
lead 40 vibrations, weay, nofse oY cven machine ‘

D-Alembevt 's Pﬁnc?P‘c
Considey o wu‘ﬂ‘?c{ bo(:h{ acded pon bxa/ o saaskm of frces:
The sés*hﬁm md&df be weduced o @ 5‘mﬁlc vesultant force ac«hmb/ on

> P a C‘ C{ :F"H') 2= ;F
+he bOAla/ who se mangrudc 15 given b&{—H\e product o e Mass o

Hhe boalta/ and the linear nccelevodion A the centve & mass of the bOJ‘J"

Accowclfn?( Jo Newton's SﬁCDVI\CI low of motion,
F =mo —> O
wheve g - Resultant foxce ac%’nyon Yhe E)Odla/
M- Mass of the boéca/
o Lnear occelevation of the ceatve 4 mass of
+he body’
The cquation @ maaa/o(so be wridden a4 ¢

F-ma =0 58 @

A liHle considevation will show, thad if the quantidy -m© be

L. with 4he same line of action
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Fipsmmkér?tcﬁ.ﬁc F, and include +his force with the SU'S*UH
TATTHEES 0P Bhich FuigwHhairessel lnt, thenwhive Fastiploler cpmtem of

{orces will be in eq/u'\libwfuma'ﬂ'f\is F‘r?ndp(f—’ is known as D-alem bert's

pﬁncip\&»’me equal ¢ oFPosiJrc_ force —mo s known as ~eversed

e ective fovce oy the jnevdia fovce CR)-

The equation @ mays be wyitten asg

F+F=o0

[ Thus, pD- Alemberd's Wmuf‘é stotes that +he ~resultant fvce
iOC‘hHZ’ N o boduz/ -!—osc-qu,f with Hthe ~evevsed effective fovee Cor

% inex4ia :Fo'rce) ave in &q}uln‘;n'lum.
i

Incw Yo {ovee % Therdia Tovque

; The fnerhia fovee is an imaginany force, which when acts
,mm&nca\\l{ eq}m\ +o the occaltva%ngz fovce in mcgm'[uda, bwl- Opfromk

|
in direction -

; Thevdia :(m'cc = - ACCele{o:Li(D -Fcrfcc = —W)-C~

wheve  mwm— Mass o dhe boc\ba/

o — Lineay accelevation o‘_F'H'xe cendre ofjmvih}/
a‘f the bOdla/

Simila-{lup +the tnettia +m'cbu¢ is oan ‘magincmn)/ tovgue, which
when applicd upon the ~rigid boclv, b’rinas it in eq{ullibﬁum position.
Tt is equal +o the accc\evra.hmy couF\e in magnitude bud opposite In

divechion-
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l (/\na\\d,hco\ Mc“wod {ov Vcltxl_ ldzéf, Ac(r[cm 107) o‘fs e Pis or\)

l~|

|

|
|
|
|
|

Fiy: Motion of 0 cvank ond Conncc-l'.naf ~0d of o} v:c{waca#.naz steam engine

Consicey the molion a‘f a Cfanl: cmd c.onr\cc‘.-hnaf ~od o-f O~
YecTF’*OCoL‘hnaf s~\mm cnjfnc as shown n F.‘a- Lv} 0C be the c:vankE,
~od. Let the c~vank Aotates with angular

Lk Aurns '-H'n'OtAah on 029\& © Fvom
the df:‘:?laccrncn{: ojc o~

PC be he Connccjﬁna/

VC,DC;-!'?/ ,,QC (,\9-;(01-_-]/5 md Hhe YN

the Snney dead cendve (IPC): Let X be d :
| ' ds, duving whic
'{Cdf"ocajﬁ'f‘y body P from TDC afder Fime % S (a/

the C“fank has turned 'l‘h*:’ou.:ah an arjj\c. O-

L"'+ 1 - Lerlj-’ch o:f Conncfﬂl{na/

Rodius a:F cvank oY evonk

tnodion of conncckﬂy vod Ao dhe line of shokep

~od bedween the centves

P‘m ctvele
’{’-

ﬁ5 - '_]:I\C.l
N - Ratio of leng

cmnlf_ = lf"(

Vc[oci‘h?{ 3 the FTS“rOf\
Fror ~Hhe Jccme;l'ﬂa/ of Py

x = P"P - 0p'— 0P = (\‘P‘C'-rc'o).- ( PQ+QO)

TN .3( COnnccjr'ma/ «0d +o “+he ~adius of
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= Y(1-¢050) + L (- Cosp ) WY oo
sin ¢+t0.5¢ =
= Y| ci-cose) + L (i-cosgp
[ ’ w )] C"Sﬁ = |- sin"pf
X = -([:(\—cose) + n Cl-(os¢J:] > ©
From “H‘ianjle,s cPQ ond cQo,
sin@
CR = Laing = vain@  (ov) "'L—F = Sop
N = =ine coy) sing = A 5in0 __,..)@
- Sing n
s airlo o,
we khow Hhot, cosg = (I-sinp)T = ( ~ ‘:2_ )7‘
covem
Ex{mnd.na/ 4he above exF“-’CSS\Dr\ by’ binomial *h .
\ Siﬂ 9 rEpTapp—— C Njkchn h!ﬁh&f
osf = -7 T +c§;53
A8 |
- |~CO.S¢ onF — @

SUBS-H“u-hna/ the ~alue of Ci-cosp) in equation @

' sinfo
X = | (1-0%0) + Nx ot
n-

L= [(l-—COSG) A Sif GJ s> &
D?J(qucnhackﬂ% eq/uo.—kon @ with -{cﬁpcd o 6,

. sinz2
dz |y [sin@ 4+ o= % 25in8. COSGJ = ¥ | sind + 9] —@)
do 21

(' 25inB €050 = sin29 )

\Idoclha/ :F P with q'csfec-l- -l—o 0 (ov) Ve_locr’r«a’ f—Vnc. Pls*km s

dx « 99 _ dx .49
VPo':\"P:EE‘ de dt de

subsqu-hna/ the value f d"/cle fom c;qy.aHe:!n @,

Ven = Vo l'- u9. Y rs'lng e S‘HZG-' > (&)
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A [Firstranker’ Hg?:é? 4he owgeleRiediRanker . tom ~odke mﬁmﬁaﬁéer%%'w

thexefore accelevation of Hhe P(S‘}'On P,
dVP dVF dG = éﬁf-xw

= e

ap dt do gt do

DE‘J(‘)(CTcn-\-ioJina/ c.q/ua-{ioﬂ @®) with 'fcsfcr.-l' 40 O,

t0s20

cosz(‘)-xz L Lo [(05(9+
20

é_\if - W, Y [cosa e
de

:F dVP in 4he abovc_ dq}lﬂtlﬁm, we have

Subskjf«.vﬁng dhe value o

c0520
= Wy Y | Ccose + _—e-—]-aew

|

| P

| 520

| Cp = S | €050 + con — @

i

' No‘rc5 H

n :oo

e When cvank s a} the inney dead centve, then O

| [

| ., €050 ~w? [1+ R |

' = oS0 + = n

| op = n

| = 180"

2 lhen the cvank 5 at the ot,d-ur dead Ct'_l’\‘l"fC-, 4hen O

| €052 %180 _ o s
ap = vuw* [osigt’ + — - =T B++)

As Yhe diveckon of mo-kor\ o ~evevsed ot the ouder dead centre
.‘H'\C:'(c-;rn’c changingy the Sigh o e above expression

op = v [-4]

. [ dhe (.onn'cdw‘na/. ~vod

\ O:‘ on ol
Aﬂijl(‘lY VC[OCMLLJ/ Clﬂd acce ‘C:{ 1

k as
~od and a cvon
Considey the mokion of ‘

a conncc%‘ng’

Sown N Fia-

Fom the gcomc.{'n 4 the G‘_j"“"‘

L
sind (. n= ':,7)

.-_‘:-— 5in0 - ———rT"'

cq = Lsing =v¥5NE

b“n¢ =
widh ves ct 4o Hime t,
Dn“u:nkol-m}/ bo“\ il 2 Pccos.c‘) o~ o SI—Q.-'-"‘@)
o358 U e B b < at

Cosg ® ~mwF FFirstRanker gdm
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of dhe conncc-l-?ng “od PC s same
Firstranker's choice | _ ‘
;:55 -ﬁ\z [z\rrga\;'\lfceve_[ociiraw\/gﬁﬁl-lfjb‘?.tﬁarfkeméh ffcch,w&vvaElrﬁRanlcbrxf@rrﬁq,ua\

40 _fd—¢4 . 'Jchexcj[o-(c, ar_\ﬂulox Vr_[oc.i-ha/ oqc +he COI'\I'\C('_"-'If'\g/ '*(Od
I dg cos@ _ W w , 030
Wpe = dg = " sy T h 0P

i -
we know Hhot, cosg = Ci-sin’g)2 - (\- SO

——

nﬂ—
W9 s ) co0s9
’ - — % - — % —— —
Wee = n (1-—- SO vy ok -::1~ (n”—-Sln’"@)Vz—
n* ‘
= we ¢coso
L’OPC £ e

—> @

CﬂL— 5'\{?‘@) Vo

A\qu\av accelevodion of 4he conncchny ~od PC,

{pe = Angular accelevation of P with 'fcsfﬂcc'll ‘o ¢
ClO@Fc_)
dt

O{PC =
we krnow Hnaat

d (Wpc ) d(Wpc) do - d (Wp )

= * W —

- dt do ¢ dt &8 ®
Now digc'-(en'kahﬂ% ccbuow‘-lon @, we 3:."(‘
dePC) _ _é_[ w9 CosQ

do - do L side)r

nZ— sirt@

=,
[Cﬁz'-'- s 0 )VL(‘ s1n0)] — [ ccos®) x 'g (= s1d9) T s 2500 Cc:soj:\
= W -~

N sin@

1 - |
(nF—sin9) /(1.... &in8) 4 (¥ — 5if0 ) h—sine coslo]
=W | —

PR

1. X ‘/ﬂ- 2~ . "'/2- 'y

N _sind) _ (N =5%In0) ¢cos @

( ) C i ) o] o1 pSala
e 5ito

=
(0~ sid0) - 0@

-
-

":.’ 5. 9 E.l B\ . |||j 5 m“Hq‘Pll"'a¥ .b"{
("*— sid ey /- - . 2 s 3o
L D)IWW.F' tRanker.com C W —sin®)* )



:l: FlrstRan

" e
Firstranker's ch i an'e.
: ‘ w Fj rst{élarl.ker com “V\f\/\mﬁ‘lrstRanker com

\I'\ $

it w\\"(’" —1)

1
— W aind ( n'_|)

Fi = — a - — > 8
Npet Tge (nt - side)Y @

¢ ,-f the nrr(|cwahm .-{- b

The —ve "\‘jﬂ EARY TN N\\4 e 90D

dends to yeduce “the mjj‘? ¢

JENNE L “‘“‘3’ ‘\.\\4 te sUWC W -“\(\‘ 1R
{

l‘-ph"-
g& A0 n‘. -‘hr\rﬁwr |*‘ mpuJ/ be

I Slace ﬁ\t\x'c" 1L S-Ms\“ ans H‘mrs‘u
t&hl(t‘t‘l —h‘;
'\.‘3"‘“(‘- s (‘qlmlu\v_, o4 @ ae O

P _
& 8NE (n*-1)
Whes? ’ "

—_ ~
e = T P "

P\ . \ . e - \ﬁ . "‘, ] ‘“ Y ‘ ““‘
A " A 1

: l “‘ ‘ 4 \.‘\"‘l‘ (\ kl".“ e |‘\h\l‘ v (“ \i . ICLI “ » -
\ q "W ' .

k‘\n\ un;*lt, n\\\d be nc:‘)\f("f"l-

L\. ‘-\- - I

n

; www.FirstRanker.com



dl } firstRamkerscops:

iraL oYCCS on ":-Ehc Rcdfpmcﬁlﬁs’tg%arﬂ&ﬂfonmf 0N wv@;,,rmﬁmg@\@hogf Hhe
Lucia-iﬂ oF +he Cor\\’\ec-hhra/ '\'od)

TRe ~ooious dovces ach'm%/ on the wccifrtocahnz/ pocrds of
1 +hese {WCU:,
a horizentol engine are shown in Ffa- The expressions for thes

ne_t)\cchna’ the wc.ia—\-.‘l: .:f 4Hhe conncc-(-iny ~od -

Ll Ll

Fig- lhf"l_t;fc‘fﬁ on  +he wcc’.p-:ocouhn%/ parts of an engine

1o Piston effort

Tt is +he net fovce acking o the piston o cvosshead pia,
a‘onﬁ Ahe line of shoke. TFis denoded bﬁ' Fe

| Let g — Mass a{ the “{C.CTPTOCGL‘!-ina/ Po.'{+5/ e-g. pistn,

CTOSSBCGA piﬁ o7 _f)UASCOﬂ P"‘ edc-, 0 ka’
We. - wciah{ o.Jr 4he -fcc.'ulrﬂocOr(‘m?( Pow-l-5 n newton s

we. know +Hhat o\ccelm’c&ion o:F +he freciFa'oca-(:mgf Pm'l"s,

c052.0 )

2

T £ dhe veciprocoting parts,
oy Acae,ll‘-'-"s’m\-'\ngf :E)TCC’- oY inettia force P n?
20520

" ﬁ?--" f
F= Mg Og = Mg &7 Lcose+ - 4
www.FirstRanker.com
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» Fil’StREIE!kEIa(D_ﬂ%kd Hhot tn a hovizontal engine, the ~eci-

A Firstranker's choice

www, First agkearcgom www.FirstRanker.com

procoding pavts ave acceleva om ~est, duﬂna, Yre Grst holf
of e stoke Cie when the piston moves from inner dead cendve 4o
owtey dead centve) Tt TS, then, wretoxded duxing’ the lodter half of
Hhe stvoke Cire. when the piston moves fvom outer dead centre +o
fanex dead centre). The tnexlia force due o Hhe accelevation of +he
'\’cdfﬁoca—(-inzz pavts, opposes e foxce on the PTSJFOQ due to the
diffexence of pYessure in the cylinclc{ on +he two sides of Hhe Ffs“'oﬂ-
On Hhe olher hand, he Snevtio fovce due 4o ~etardakion of the veci-
P"Omjﬁnfa/ pavds, helps +he fovce on the piston.

Thevefove 3

Prsdon ejqoﬂ:’ FF = Net load o0 the pisten ¢ Tacvkia forvce

= LE R - (negleckiog frickona| veststance]

s AT R-R -— Cconsiclcfirlg Lickonal TCS?S{‘GWC)

Wheve Re - Fﬁc-homl ~esistance

The —ve s‘\ﬁn ts used when Hne Pfs-ior\ = accccha{Ei’ and “ve
sign is used when Yhe piston 1is ~etoxrded.

Tn o double od—inﬁ/ —fcciP'rocwhng/ steam engine., ned lond
on +he piston,

FL: PlA‘ e PQ_A;' = I’?Al'_ Pg__ CAl"‘Ck)

wheve. b A, — Pressure & Cyoss- sectional avea on the back end
) I %

side e'f the FTB‘{’OV\,

R, Az — Pressuve £ eoss- sectional area on +he crank

end side of +he PTSJrcﬂ
Q — . cvoss-seckional area of the Ppiston ~od

wwwoEirstRanker.com
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F\i..r “w_{;?kerﬁ ‘thf}sice-\-hc nc%mﬁvﬁ¢ﬁ§%ﬁgn1@£_c§#am mmﬁ:i@ﬂ?éﬁrﬁﬁerﬁféﬁm vl
D s diameder of the PTS‘{‘OH, then
| A
Ned lood on -the PTS‘FO(\/ F = P—rcssqye ¢ Area = P« 7 D

2- Tn cose of a vevdical engine, +he waialn‘l: oF Ahe "fCC.i‘JTOCOUhnT
pavts ossists +the piston effovt dm«ingx the downwayd stroke (e
when -the piston moves drom top deod centre 4o boHom dead centve)
and opposes clw:inaz the upwavd stvoke of 4he Fis-lvn_ Ci-e when tHhe
piston moves drom botom dead centve to dop dead centye).

Piston C-‘F’[O'ft, FF = FA..?E:i‘NR ~RF.

2- Fovce ac_lr'nr\?/ a\or\%/ the conncc-l—in«b/ ~od

+he -Cijuve,, we find thot

Fp
FQ = cosg
£10"Q
we. kaow Hhat , cos;é =« ! T
‘F'
Fa = :
i@
I — =

3. 'T[-\-fus-t on +hc S'tclc_s 0‘{ ‘*“‘]C C\/ l;ﬂClﬂaY WCLHS oY hOTMCLL TCQC'I“O(\

on the quide bavs

Tt is denoded 53/ B in Frgf- From the geomelyy of +the
2 e F
:pﬂbtvc., we. £ﬂd %O:l— ('.‘ F:Q - w‘;}g)

FN = FQS'|ﬂ¢ = %*S\ﬂg -~ Fé'ranlé
4. C~ank- pin clfort and thrust on crvank shaft bmﬁna’s

The {o'rce ac-[-;n'?/ on +he connec-lin%/ ~(0<J R ma%f be. ve sol-
ved indo fwo components, one pevpendiculay +o the exank ond the other

&\On?r +he cvank: The comfaongn{- of R Pe:rpenc;‘fcu,qy +o cvank s known

as cvank- pin effort and i+ 1s denmoded by R 10 FiF

www.FirstRanker.com



ﬁrstﬂaﬁkermﬁ of Fy along the cvank produces o Hrvust

'r“rﬁrﬂkercf«fﬂ-'nlfeshaﬂ Wm%@;ﬁr@r &S dengigd,. IJ—DYtFEenI%é‘r c%la'r

RCSD‘VMW & pwpendfcu[mr 1o the cvank,

Fe

E = F 8N (0+8) = Sorhakl (O+9)

ond “(C.SO{Vi(\g/ Fa oianb/ the mt(mk’_

=R c05(O0+p) = CF‘Q{* 05 O+ 9)

5. C’chk Cf‘fo’Y‘L‘ oY ’H,wmng/ mo\mmt oY +O"fq/u.c Y2l +he C:ra(\lasha:g&

The F"OC(U.C.“' o Hine CYank-P\h effort C Fr) ond the
crank piny wodius Cv) is krown as cvank effort ox Auoming wmomerit

oX tovque on the cvank shaft.
Fp sin (0+p)

' crook effordk, T = Bxv = T *Y
|
Fo (SInG.cosp +0SO sing)
: =T cos@
. sing
- FP ( Cosd >*Y

T = Fp (sinO+ 058 Tanp )%y — 5@
we bnow Hed  Lsing = v sin®

. stin@ .. L_
| s‘w‘\jﬁ = ‘}2"‘ sSiN@ = = (, N = )

cos¢ = - sln
¢05}z$ m
Slr\ﬁ
’Tangf = COsp
sin@ 2 Sine
Tanp = *% pr— 0 ).
F5 M \ln".. Sh’\l@ nl‘__si'n'z.o

subs-‘-Hudinaf the value of Tang in ecquation @, we have
cvoanl c{{f-""'f

sin2 @
T =T (sno + %W)
w.First éﬂo F NS
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ode: Since SINO s e sl @ c°mec°I o - hereJove

nr:ﬁlcdihca/ sint@, we hove

8in20
crank effwt, T = Fox v (sino —+ “:) )
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The -hnn.n8 moment diagvam Calso known as cvank- e ffd
dcﬂ.,nm) is the graphical -«cp—fc'scn’lnhon of 4he %uwnnr\a/ moment oy
‘evank-effort for vanious positions of the cvank. T 1s Ploted on
cavlesian co-ovdinates, in which the durbing moment s H4uken ay

+the C’fclih(ft_ cmc.'l c*mnlt m}g\c as OBSCISSCK-

i‘ru‘w\'\-'\(‘) Mcnv-\{ Diu()u\n\ (01' O Sicl()[c: C\/‘i\k‘vw’ DOL.LL\!‘ ac ling" :3'\?(1.\\

{

Engine

A hwnina: mMmoment d.‘cBY(\m Jov o single cylr‘nc{u’ double
;ac#naf sdeam engine s Shaon in F:g- The Vcw"l-ica( ovdina b Yepre-
' sends  the 4u'fn'm3/ moment ond dhe horizontal ovdinate -fqnescn-k
the ovank arls\c.

We know Haat Hae -Hnn‘mca/ moment  on Ahe evanks haft
|
T = F{;*-{(sin@_{_ ,__5_n?'_“?_—
2\ n-sinte

wheve

- Pislon effoxt
~ - Roadius «f cvank

N - Ratio of the Coanccl—inaf ~od \u:S_pn £ ~adius of
i evank
| o - Anjlc +urned bu/ the cvank fom inney dead cendve

Fom 4he obove expression, We see thot +he -hmrniﬂg/
mMoment (T) is 2evo, When the ¢vank mglc(e) is 2evo- Tt (s
Mmaximum when the cvank angle s qp° and i+ is agquin zevo when

evank aQs\c s \80"

www.FirstRanker.com
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b d

N

Trnax

\

‘-\‘

— Tuvynin 2/ MomenT ——»
>
2
P
_~
-/
o

| |
- |
'n D/ Y-
Tmean / T ¥ —f
. ] | | A
‘ \
/i | :\ / X I :
h ' AN /o | by
/ . . AN S ! AN
|, : : AN I I N R
° P a0®° % 180 ¥ 230" 5 340"

Crank on_g\c —

This is shown \maf the cuxve abc in Fia—- ond it Yepre
sents the ‘\-wrning/ mowment d'nc:g'ram for otstoke. The cnve cde is

Hne +wm"’\%/ moment d:eﬂmm foy inskoke and is somewhot smilar
}o the cuxve obe-

since +he wovkdone is dhe Pwocluc{: oJ[ +he ‘l'u'\’ﬂin?/ momcn{:
and 4he ar\mjle. -Hrmui, "thcrc{O'Yc the avea of +he -I—mrm:wj moment

diagvam ~epre sents +he wotk done pex ~vevoludion: T actual prackice,
the engine is assumed +o wovk ogainst the mean 'fe.si’s-\-'mg, Yorgpue,
as shown bl{»o. hovizontol line AF. The ‘hu‘gk{ of +he ordingde oA
-ycF-ycsen-l-s the mean hcia‘n‘l: of +|r\e_"’rvm'\if\3( momen £ diqﬂ-ram. Since

Hj is C\SSUMCA 'H'\G.‘{’ —{-he IA)O"(IC dO"\C b‘a/ ‘H’\& “'U.'Tﬂ'ln?/ momen.!: Fe;{

wevolukion is equal +o the wotk done against the mean 'rcs‘ls-hn?/
|
i . «

1o the wovk done aga’msfc -the meoan 'n:sus—\maz +orgue.

-{-o'(q/ue_, Aneqefore -the aveo of Hhe ‘fCC‘\‘OLT\\j‘C o0AFR is F'YOFO‘A-iOﬂ&l

|

fNol;csz

TL When the -Hwn‘mzf moment 15 POS'\hvc (e when +he U“jinc %Y%MC
15 more ¥han Hhe mean ‘fCSTS*"“T tovque) as shown between points
'Band ¢ Cov D and E) in Fira’, the cvankshoft occelevates and the

wovk ts done b(a/ +he steom.

2- lihen the hwntng moment is ncjo:l-ivc Ci-¢ when the engine torque s
less 4han the mean ~esisting/ +orguc) as shown between points cand D

.
ra w2
LLA L
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Combus tion Enﬂ\ﬂc
A '{uwr\'ma' moment diaﬂ‘f&m fov o four stvoke cyele

cyele intevaal combustion engine s shown n Fz‘au we know that

in o four stvoke Cyclc tndevynal combustion engine, there S one

wo-c'ktnaf stoke afley the cvank has tuvned -}h-fouaM AHwo ~evo)-

u-hons, e '—H).O' Cov 4= 'YO.C“C\I'\S)"

Tutning toment —

| wakings | Exhaust

{ 14
Zome asion
LAV Sk m_. n iy _.._5( e rsegann \,___>.‘..L_, U

—_ N c\t\h \""\j le

|

since +he prcssuve nside tHhe engine Cylfndcx ts less |
|

|

Hhon the odmosphevic pressure dm-imaf Hhe suckon stioke, thevefore
:o\ ““lj"‘k"c loop s foomed as shown in Fia'- Duving +the compression
‘shoke Ane work done on the gases, thevefove o ‘nia"\cr negative

f“’of’ is obtained . Dm:'m%f “+he ex?onsiom I § toOYldm()-' 5.\-,0[&' the

ifu&l buyns and +he gases C-)-_Pm\d' Yherefove a \mjc posikive |
| i< oblained: Tn his slvoke, the wovk {s done b\r the 3ascs-‘

glooF
exhaust staoke, the wovk is done on the gases, theve fove

c \OOP is ob*n‘mcd- T+ “‘ﬂ\d’ be noded Ynat the C{:FCC"E

Lovces on Ane piston Ts taken into account in Fig.

j,Du-r'mca/
| (oN nc_*)ov\ﬁv

f .:(‘ 4he Tnevia

1 www.FirstRanker.com
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&team engine ‘nowing th~ee Cyl?m:le:(s oand the '-resuHo.n'(? +wrnin8/

"HA-"Ynina/ mome.ﬂ'l; dia_jﬂxm 1s sShown in F,‘a,. The 'f¢5ul-[—un% 'I'wrniﬂg/

i diagya fov
moment diagram s the sum of he tuxnings moment diagvams

T4 mm.a/ be noted -de- the fivst Cyl;néex 'S

the thvee cylinders.
’ second ¢V \‘u\clef 15 -the 1n-[-umcc1ia{;_

the high pressure ey liader,

indesy.
cylindey ond Hhe Hhivd cylindey is the lowg pessure ey lindery
oye usuau(a/ p\a.(.c_d at

The cxank, in case of Ythvee Cylindc’rs,

|
;1200 +0 cach othex-
l
li

|
‘
I
|
i

— 'Tuvnf(\_D Momcn{ —

—— Crank engle —

i www.FirstRanker.com
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The ﬂucha‘-@!iVé’W-Fo'!FstQ%l%?cpmmaU/ by FirstRan erg:‘;mﬁm
+mn'm3/ moment diagvam Fov one complete cycle of opevation. Constder
+he +wmin3/ moment: dia:,)-mm for o single Cylindcx double o.c-Hn?z ol
engine as shown In F.‘ar-

We See Hhod dhe mean -fcs-.shny Yovgue line AF cuts the
+‘*'m‘m3/ moment diagvom ot points B, ¢, D and E. When +he cvank
moves fvom a o b, the wovk done bma/ +he engine s equal to
the aveca aBp, wheveas the enevqy ~equived s "te_P'r:scn‘l"cc! by
the aveo. 0ABP- In othey wovds, +he engine has done less wov k
Cequal 4o the aveo A B) dhan the *fcq}.d'rcme_nf- This amount of
energy’ is taken from Hhe )Clﬁmhcc.\ and hence 4he speed of the

]qz/u:)hce\ decveases . Now +he cYank moves fiom P Ho0q,, the wotk

beb Cq,, whereas the

done bla’ the engine is Cq,ua\ 10 4he aveco "
e aveo PBC%'W"C&Q

"‘E%HCMU\'[:' ot enevgy ts '-r::pwrcscn#r.cl blﬂ/'Hﬂ

Hhe wcq}_dwrcmm{'- This €Xx(cess

+he enqgi h d movYe Non +Hhon
Qe T e in the Jclbrwhccl ond

work Cequel +o the areoa RbC ) s stoved
hence 4he speed of the ‘ﬂvwhce_\ neveases while

From b 4o g,

Simﬂavhaf, when +he evank moves from g, +o Y, move wery k

dhe evank moves

s doken fom the engine “hon 15 dcvcbp&d- This loss o‘,F wovk Ts

—ch-resen—ln:cl b'Zf the avea Cc D- To suPF’]‘f this loss, the 'Hta«uohec\

Jives up some of s encTgys
Hhe evank woves ~om g, to ¥ As

[ . 'VC_
excess enevgy  is Ogain dcw_\oFac] i
the piston moves

ond thus dhe sPecd decreases while
4he cvank moves from ¥ Yo's,
B bt(—‘rhc ovea. DA E ond 4he
fyom s to e, 08ain

SPeﬁA again incveases« As
£ work cmd 4he S?tccl declyen
-'\"ne. mean *CﬁiS“l‘{ﬂ%/ '}mq/uﬂ line oYe
Dd E, C‘l‘C—TCFT__

ges. The vaniations
Yheve is a loss o

of enevgy above and below
called Fluctuations & energly -

esent fuctuakions - snex@tRankercom

The areas BbC, CeD,




:I :‘ FirStRaﬂhl.fi,gcr'QQSM¢m4-ion will show hat the englne hay o

Firstrankeﬁ‘ www.FifstRanker.c w FirstRankear.co
WX i AN s‘)cccl eithey 'a'{' q,o"l} AN S Ple PP £ 88 TR AUE L Toe-t

[ absorhs eneY9y” while the evank moves  fHom

4ot the {lld'LO‘ntt‘
“the othex hanc‘, Hhe engine hay o

bto 9, ond Fvom Y to s On

i . aon 19 that the.
mMminimum sper_cl e'r“'\c'f 0~+ P oY a4 ~. The Yeas

fhywhcc\ gives out some o s enevgy when the evank woves

:f*rom a o p and q/-l-o ¥ . The di'{&:'ftr\cc bc:lwot‘.tfﬂ “he Mmaimum

Ad the minimum enetgies 1s known as maximum Fluctuation of
[« N

e.ne:fg (ar .

DC'JrCYm'moc\-ion o'f Maximunm F}uc-ltmhun o |§N1“t‘]\3"
A +wmincar momcv’\{ dioic)“mm Fcr( o vl - C\/linclc'r'

engine is shown loudf o wavy cuxve in Rig: The hovizondal line
AG wcp'rescnl-s the mean tovque \ine.

Leb O, O3, Qg be the aveas above the mean Yovque \ine
/

dhe mean tovque lne: Thege
and 0,, 0y and G¢ be the 0veas be low LY.

,,;f e_ncq_g\Y ;omch s C.I‘“'\C.')’ o.ddcc‘ oy

orens —fe,P'YCseﬂ'E some. q,uo.nh-\-t{
P‘\Y'\-s :-:F-H\c tr:ginc.-

subtvocted from the encygys of “Hhe "“DV‘“C()/

l (eN o3 (Y

| e D M ey
‘ g 1 AK B\\/‘- DWE r\,/&
o
D] wee
<
z
(3

> Ciank Angle
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“‘then ‘f‘mm F“a’ WiE

Enevgy’ o;l' B =E+Q&,

EneYoy ot C E+Q -0

Eﬂa-rﬂla/ o D

E+ G, —Qy +04
Enevay ot E = E+0 - 0y40Qy — Oy
Enevgy ot F = E4a ~Qy + 03 —0, 405
Enevgy at G = E+ Qi — 0y 40y — Gy +Qs —Qg
= Erevgy ot A (e cycle ~epeats mq—araq)

Led us now sSuppose Yot the 3-rca.—\—cs{ of tHhese enexgies
is ot B ond least ot E.
Thevefore,
Maximum eneryy” in ﬂfha»ohzcl

= .E+O~I

Mini mum eneTgy  in the {Iu{wkccl
= E+Q|~QL+Q3'—QH
Maximum fluctuation ot eneYsly,

AE = Maximum f-nf-”(ﬂ%/-—-Min'imum evevgy

CE+a) —(E+ Q) =02+ 03~ 0y)
AE = 0; -Gz + Qy

Coefficient o Fluctuakon of Enevay” CcCe)

T+ mow be defined as the vako b 4bse . tpiEienitivn, Sliie~
tuation oF eneTqy’ 4o the wovk done pey cyc,lg.

Maximum )Cluc+ua"ioﬂ o:F enevgy”

CE = Woy k. done peY Cy(_lc

www.FirstRanker.com
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! e € - — Mean tovque
! mean

. J- Anﬁlc tuened Cin vadions),in onc Tevolude

2X, wn casc n! “Aeam cn‘jlnc nnd 4wo s-hok

-
-—

!n-‘ant\\ combusdion f'\jlﬂts

E
| LR i e u{ {vuf sdoke indermdc ombus ien
’

-
1

engine s

The mean tovque CT'“(nr\) 15 N=-m

PX60 ___P_
* (T

-—

Imean = 27N

whe~xe P - Powex AvansmiHed 10 m-HS
N - Speed i TPM

27WTN
w9 - Ar\Dular‘ (.PCC:*] in "t(\(‘/ﬁ, = 6o

—the wovk done pe cyele mcudf also be obtatned

Px60
wot b done  peT cyc le = A
wheve i . k ) 2 ; 4
" N - Number of wmrl:ma' sAvokes per minude

N, In case o:F steam engines and 4wo stoke

Nicvnal combu 84500

N, in case of four sivoke tndevnal  combus bon

—

N

engines

Cg volues
le Single ¢y linder, double ac-‘-‘m% stcom engtne — .9 |
9. Cross— compound Steam engine — 0-09g
2. slnsle c,;lmclefr, s\ng e ac-@lnaf, H5 Gas engine — |.93
L. Fouy cy\tndmrs, s\ngle aehma/, Us gas engine — 0+066
Six cVI.'nclr:rs, single CLC'H“%/, Hs gas engine — 0-03]

5.

www.FirstRanker.com
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A ﬁaxwhecl is shown in Fig: thod when o Ayuheel absorbs
encygy’, its sspucl incveoses and when  gives up energy) i+s sixcc(
decreases-

Let M- Mass of the tﬁhﬁwhecl in bz/
k- Radiw 5 Sy—va-hon o he ﬂvfwhcc[ in meters
T - Moss momend of incvhio o the fiywheel obout its
axis o4 votodon in kgr—m™ =mk
Ni§No~ Max. § Min. speeds cluu‘ma/ the eycle in vod/s

W9 §w, — Max- § Min. Onju[o:( 5Pcccls clu:r(ng’ +he aele

n 'fo.cl—/s
N+ Nz
N = Mean SPCEA dmn‘na/—}hc Cydc. in Ypm < 9
Uo +U9
ws = Mean m\gulw{ s\xcc( dwrim;/ +he cycle n "““115: 5
N, — N
Cq = Coc{:ﬁ'(.n’cn{ of Fluctuation of SPCCA = lr\’ <
cor) uh — W
Kinetic ency gy’ of the 36{‘3’“7"“",
E= _'i'*I'“gL .; -?'jae -k wst in n-m or joules

www.FirstRanker.com



:I 3 F|rEIRan‘kar,f$m:ﬁlaw(ncal d’\a\ats From w9, 4o W, +he maximunr

FlrstrankEr s choice w.FirstRanker.com www.FirstRanker.com
I fuctuation oF e enevq Lb/\:v ' . | |

AL = Maximum K E—~ Minimum KE

"

| 2- _1_., x - L.;g 2'_. l

1?-% ) (U3|+k927) (0‘9] -—-l,\93_) -.—_IL\SCu& "'4.92_)

AE

h91+u9ﬂ- )

Tw W -Wy) — @ (v W= —3

-

n

WSy ~u9
I-hﬂl( 'u& l) & Mu\l-iplginjgdiuid?na/ by u9)
BE = TWes - mkuwfe, s @ = I:Mkl)

AE = 2.BCs L, (-2 E- $T®Y)
The ~vodiug of gyvation (k) oy be token equal 4o +he mean
vodius of dhe ~im (R), because +he thickness of wlm is very”
small as compaved 4o the digmeder oF ~ime Thevefore , wbsk—{u-‘-iﬂy

k=R in equation @
AE = mRT wE Cs = mvic,
wheve V= Mean limear velociby (i-e af +he mean 'T&C“M)

in m{s = E- W9

~www.FirstRanker.com
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@ The —hmr\mj’wmomc.n‘i‘ 'cliaujmm | fU{ O~ """Iul‘l*?c:y\fncje'{ e.nginc’_ has
been dvyown 40 & scale 4mm = 600 N-mM \fe;{Hcod\,?/ ond
1mm = 3° hoﬁzonhiha/. The inkacéJrcd‘ areas bedween Hhe. ou:HDM
lovgue cuvve and e meoan vesistance line , Token 0 ovdex ds0m
one end, as follews v A52, =124, +92, —I40, +85, —32 § + }o1r‘nm‘
When +he engine s ’rcmn'nr\y sl S?e&d oaC 600 —;fm-I'JC'-H'w. +ota

. 53L +Hie mean
?HUC'LU-CJ—?on o:F .S?ccd s nod Ao exceed 157 ! d
| o-5mMm.
—ﬁind e ﬂﬁC(S.Soa'\‘a/ mass of ~he :E:lﬂwktcl o\'F ’{&C‘M

co = 62-8Yy ’TG.CJ'/_S

R =0-5m

41

~Tooting B,

C nonlk omjltz—"

- P ‘ex ceed 57/
Sinte  4he -odal Fuctuakon of 5f€¢€‘ Ps not 4o eEal
F Hhe mean sfeu),

u9l.-LL9)_ = 57 W = 0'03‘&9

cocdficiend & Suchuatkion £ speed

wi -—LGL

C.S - O = 0'03

Since. the Jduvaing’ oent  seals

orale scale s dmm:= .

www.FirstRanker.com
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e s® S R L
= 600% —= = 3|42 N-™M

Let e +odecl enevgy” Ia'l‘ Az E

Eneroy ot g

it

E+52

i

Energy ol ¢ EA482~-12y = E~32

i

Emrav{ ot D E- 32 492 =~ E+20

Enersyy 'od £ = E+20 -l4o = E-120

- Entrgv/ at Fi= B-120 485 = E~35
)

Evergy’ ot & = E-35-3F2= E-10%

CEnergy at H = E~10F 407 = E = L—';‘r\e_r'gl{ ot A

MoX - -'F‘(LC'LMO\HF“ o{; e_ﬂtrgva/ {1
AE = Moy ]‘Er\&wgt—y —~ MIinimum IEne.r-)w)/ ‘
| | o/ i ‘

Y N\ h y
= (E+52) —(E-12o) /193 = (32 % 3142

l /
|

l|"

|
ol AEiISL{Ol-! N ~M
Let ms Maes of the| Hb‘d‘“’l n ky

Ly 'S
Mo - 'flugi—m-(f{on o CGnevgy” (AE) =~ m R "‘-97_C_<,

syot = m (os) (62:84) 0.03

m:lg3hﬁ/
=

S
o

~ www.FirstRanker.com
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The funckion of o governoy is 4o reoulate +the mean che,cl of
an engine, When theve ore Naviakions fn the load e-§- when the lood
oN an engine increases, its speed decreases, theve fove t+ becomes
nCCeSsav..J/ 4o increase the SuPPly/ of wowL.'ngz f{uid. On +he other hand,
when +he lood on +he engine decveases, i+s speed Tneveases and +Hhus
less wovking fluid fs vequived: The goverynoy amlvmwf-fcall?/ controls
+he supph{ of woﬂdng/ fluid 4o the engine with the VU“Z"QB lood condi H-
ons ond keeps +he mean spe.ed within  cevain limits.

When +he load increases, +Hhe con{:j_guml-:on of +he \30\!::«\07]
changes and o volve s moved o incyease +he SUPF’{%’ of Hhe ww‘dn?

fluid 4 ConVchaha/, when the load decreases, the engtne SPGCCI incvea-=
7/

ses and Hhe goV&YnW decveases +the eupp\\a/ ,ac wo-tkin% 'Huid-

Note: The function of a ‘q?f“’l““" in on engtne s cn-H"rc\tax diffevent
from 4hat of o governov. It controls +he speed variokion coused by
e Fluctuations of Ahe enginc +Unmfn3/ moment dwrin%/ eoch cyc,lc of

oFCnroL-Hon. T4 does not control the speed vasfations caused by o

) s by +Hhe governey
vo:rUtQS load - The Vo:fﬁ-mﬂ demond fov powey | met 13/ 9

"‘eﬁ‘*l‘ljfi“‘a/ +he su.Fp\\a/ o§ wo*fldma/ fluid-

Types o { Governovs

The governoYs Moy bTOClc[[lj/, be r_(o.ssijq'&c{ as

1 Can—’—rf fugal oveynoYs

2. Tn cf"*:‘ox Groveynoys

www.FirstRanker.com
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Lt s Mass o the ball in ky

IE W — waal—nL F 4he ball in ncwl—ms=m.?/

; T — Tension in the ovm in newtons

W — Angulay velocity oF the ovm and ball about Hhe
spindle axis tn vod[s

| N~ Rodius of the path of volodion of the boll i.e-

| hovizonda| df stance fyom +he centre of +he ball +o

Hne sFind le axis Tn metres
R = Cendni -.(u_jcxl Jovce ac_-(—?nj on the ball in newtons
FC - .- WL

h -~ Hcia'H" of e goveyney in meders

| Tt is assumed thot the we_iair\{‘ of dhe ovms, links and 4he

1

Sleeve ave nc_c,ligi[:)lc s COMFGYCA 40 the wc’_l'af“l'l’- oi"“'lc balls- Now,
Hre ball 1 in e_q/u'n\'nb-r'-um undey the action of FL,Tﬁ Ww-

i Tal‘.inf)/ moments abaut POIﬂ‘t' 0.
!

‘ =M, =0

fe xh =m- 9 xvy

B

|
Uz -gg'] - fvy- ﬂ l h = ?’ J— (_U
www.FirstRanker.com w*
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. 895
, sl medres 5@
. h = mN)"' NZ
éo

The_ hr_’.a.h{ a{‘ o governoYy h, is ?nvu.seh( Fvopmrhma\ to N-
l
h « ':,,

The equilibvium of Hhe mass
H=0 I S N=80

'T—S'lno(——-l:;_'_'o Tcosy —w=20

—_———

' TcCosx = w
T sind = ¢
Tcosd, -;_m-tj/ —_— ®
Tsiad = MY w5
'-l—-S“n-( m‘]’,wl
— m -
Tcos ‘3/
~wt
Ta =
i = d
!
- y B
' i "';:9 wheve g =9.81 m/s”
h
w= ZAN. vad /s
g 60
h= s
N _.RQ_E'. ma-’h:.s

e = e
www.FirstRanker.com™N
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X2 l P

[ | steeve

L—i_l

() (b)

The Povtey governoY s a mod;ffca4foq o’JC Wott's jovevnm‘{, with
centval lood ottached 4o the sleeve as shown 0 Figa).
Considey Fhe foreces ac%n% on one- hal f of Hhe governoy” ag
Shown in F\‘a»cb)-
Let ™M~ Mass o:F each ball in kﬂ/
W — wc.al-.{ of cach ball in newotons ~m.gs
M - Mass o{ +he centval load in hg/
W — we_{afhf a:l[ dhe central lead (N newtons = M‘?/
~ — Rodius 0'2( ’f0+ochon in "‘\6-4“‘5.
h - Hcia.(—\-{, 4 aoverNoY in medves
N — Speed . +he ballg tn ~pm
w — Angulay sf’cc.d + the balls 0 'TO-CJ[S B 2._?0'_\.’
FL —_ Ccn-l"t'l qujoJ ‘(U’fte O.c-kn)/on “‘he bc\{l in n(u}-"ons
F‘;_ = MY W0 F
T § T~ Fove tn Hhe a¥m € in +he link In newdons
< Ep — Angle A inclinakion . 4he arm 3 ofFthe link 3o

L

1 1. |
TOIC VOY TY Qi

www.FirstRanker.com



:l > FirstBankerqCoihelafion between e height o e govemor
El{\s;ra:rlizr Siﬂzlcinﬁulavwg]ryéa&twKWTEOTECLHS (WJVHB%BG\RK%'%O%C#\OA of
'TﬁSO‘Lk‘hO(\ o({: :fO'TCCS o.r\cJ Ins%nhnaous mc“\odﬂ-

Medhod «f  ~esoludion o fovces

Considuina/ +ne eq}ﬂl\ib'ﬁum o'JC e fovees o.c:kng/ ot D,

ZNV=0 TJ_S?QP
T, coap = o s =
2 P T T T T
M-?/ ATLCDSP
p D
L2
2

Again, con sidaﬂn% the equi i b ozc the forces

i OLO(%’nW o B The Pom-]- B s in e—q,uj'libﬁum undey +he ackon a:l(

forces w, o, T §To-

=NV =0

T, cos ._T,__COSF, —W =0

T COS = T; cosp + W
M- |
T cose= — T NVY —@

=H =0
Ti sl 4Ty sinp—fe =0

M: 9

T Sind 2cosp

*STHP—E:O

TLsing

Divfdinax em—kon ©) b'f aq}m&ior\ (o))

T s‘m;( F - '122
T eosL  Me§ |
e B4

X Tcmp

www.FirstRanker.com



FirstR (6 s - £ T2y

Firstranker's h::gy:e

WWW. FlrstRanker com www.FirstRanker.com
r D . b
™M-9 <
a4 m- - K
Y -+ ‘3’ Tong 2 Tane{,

Sub&i—i*u—“na/ TQHF - q/) TQY‘\,( - ':T;;’

Tand
M3 2 h M3
-——i—'"\"mjfs YW X > 9

wWws h = "g + 5_42_3 G+9)

™~
+z Y 3

28]
\,\z&n.ﬁ,ﬁ_ N C|+q,) — = — * =T — @
..'i.(l—i-q,) g9
M-9q 1 mM + J
g By - R
ﬂ.(l—i-q,) 2
LT 9 _G_Q_) 'y a-"—'-cl'gl m’s"‘
N= - — — x Ty \a2n

ma 0T 25 L@

f\jz: e = 8}

Notes: 1. When the lmj\-&-) o a¥vms ave e.q,LAoJ to dhe length of links

H 1 ‘H\c_
| and  the Poinﬁts P and D lie on 4he Same vervheal line, N
‘} 'Tanp
‘ Tand :TanF (o) q, = "'i“anp{

Thevedove , the equadion 5) becomes

|

| (m-l—M) 8as > ©
l N = ) o

!

2 When the looded Sleeve moves up and down the spindle, the Frictional |
| fovce acts on it in o divecton oPFOS]-h: to +that of +the mohion of sleeve
i If F:= Sictional force O~C~|-1'nr3/ o the sleeve in naotons, then

equaotions B ond @ mm’/ be wvyitten as
™M-&/+F
m'7+( z )Q'Hl’) 895

yR — "\
m. ar

— @

www.FirstRanker.com
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The +wsign is used when +ne sleeve moves upworrds oy the

Hoverynov chcd increases and -Ve s9n s used when the slecve

moves downwo;vc]s o~ +he soveynor spcad decyeases:

3 On Compmtn? +he cq}xo}ioﬂ ®) with eq/ua-hon @ of wodt's governo

| .
| i ik
| e fied, “lt Hhse: gomee g § ceatval load (M) increnses the heiyg
|
o Jovernoy in 4he ~vatio a1
_}If\i%o.ﬂ-{oncou:, cendre wmedihod
'T&k&ﬂ‘}’ moments about +he point I, P
E«BM:M%IM«-%*:D el
A
Ml
= M9 xIM 4 'z_—_g*ID .Jh
f‘__ *
: Tty | /M-g) . D .4 l
..ﬁ:m-g,«‘,g;“fT*BM K -
o
e |
M M-q fIM4+™MD D
= TN Oy "";'q*' 2 C BGm T ig, ‘
e -——-M.s
F. Mg Tong + — (Tan.,(—"-'Tar)F) D |
T M
Divid ey 314 1 by T ‘ L |
ividin oughouw an )
s g &2
F; ™-9 'Tor\P M-
= M3 (1+ =94 9
Tond ¥t = ( T““'() I B Sy IM
Tand = 'E';\
we know 4ot F = v o g Tand = =
¢ h ™MD
TunP = E_l‘-'l
- m.-'r.u_,z.-.( —g- — m-?/-}- % Cl+q’) Ta
"p
M q,z —_-k
m'j-f--——?;s ("‘"ob) | m+‘%}('+q’) 9
I"\ - - w* ™ ke —l«—;z"

m
"‘-’hcn 'Tbr\-L = TanP oy q =21, 4hen

maeM 9

! —

= m w >

www.FirstRanker.com



Flrs.tra!L

Ranker,com

er's choice
The Pvocll JOYRFABIRINKEr-COm g1 WYpN ErSRANKeLCOM. 1 the
extension of 4he links DF and EG, as shown in Figca). The oams FP

ond 6@ ave pivoted at P and Q ¥c5P5chchz-

Considey the qui(-'l:rﬂ'um of the fovces on one-half of the gove-

TNOY as shown in Fiq Cb). The fnstantaneous centre (I) lies on +the inder-
seckion of 4he line PF produced and +he line fvom D dvawn Fe:rf:enclfcu[ar

b the spindle axis. The Pc:q:crdtgu[or BM s dyawn on TD-

Groveynoy AXiS

ey

'I&lonca/ moments abow{—,I Using: the same nototions ay in

Potter govexnov,

W M-g
F>xBM = WxIM+ —xID FMAYHIM + 3= %XTD 0

M M-S FIM+Mp
E_ :m.a/x M + 5 —EM—- (‘_'ID:J:ivH-M@

'Mul-kpla—\'na/ ond c‘iv?dinaz b?/ FM, we have
FM L+ ™M I"’l o
[ E e P GRR)

E .
B [“"'?’*"““H '35:% Chond+dang) |

N
|

R
Tonp

~"
We knowd that B = M7 057, 'Tano(-.-_-'—h- ond 9 = Tan
www.FirstRanker.com
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™
., FM .W\+ —2—_"(1‘*“1/) g &
e e B™M ) h

Subs—‘rﬂu‘\'{ﬂz/ W9 = 27\‘N/60, and g= -8l en[s®

™M 8as

FM m 4+ — (1+q)

N = —‘BM[ - hS = O
w

NOJ“CS‘. \» The eq,uqhon ® W\Q.n?/ be appl.’e_d 4o am{ given conﬁ"juval—-‘on
o5 Hne govexnor.

= C°‘“-P°“’im{ equation @) with +he qu.ml-mn © of the Pov bex  governor,
we see thot the ccu.dh’b*rium speed ~educes for +he given valuey of m,
M and K- Hence in ovdey +o have the Some cq}ﬁ\ib'ﬁum sptcfd 3%“ e

given VO—‘U.CS alc M, M and L’\, balls o:lc smalley masses ave u5¢d in the
Proell governoy Hhan in the Poytey governcy.
3 When o«L=p, then q =1+ Thevedore equakion @ Moy be wxithen a4

., FM /m™M+™M\ eqs

~ BM 42 h

—> @ hin mc+c:rs)

www.FirstRanker.com



FfirﬁtRaBkﬁrafm equal ovms each 250 mm IMB’ and pivoted
EIVE\H aI:kEaﬁ;‘?;hilfﬁoh-\-?WWH@ﬁRwa-m o mawwvwfirstR%nlae{ocame MOSS
of Hhe central load on the sleeye is iS‘k?,- The vadius of wototion of
the ball s 150mm when Hhe 9overnoy begins +o [1ft ond 200 mm when
the qovevnoy is ot meximum sPcccl- Find +he minimwn § moxtimum chch

and vonge of SPECC[ of 4he governoy-

Al dimensions ore in mm M3
: 2

|4
M-y
=z

, b) Max; FPosition
&) Minimum Rsition ) imuem T

The minimum and maximum positon oF Hhe govevnoy ave shown
in Fig ca) and (b).

BP = BD = 250mm =0:25m , i = 150MmmM = 0.15m

“fg_:loomm:o.g_m' m:Ska,\’ M:ISka.

Minimum 5F¢ccl when Yy = Bo = 0115 m

Let N, = Minimum spccd

From Figaa), we find that hcl’ah": of the governov

h = PG = J(PB)’-'- (Ba)* = J (025)% Co-15)* = 0-2m

We know ‘H'\o.+

895
. m+m 895 ZHIS —63— = 13900
(Nl) = ™M * hl 5 ‘L

Ny = 1233.8 pm

www.FirstRanker.com
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| Max i ‘-}PCCA winen RPN Be =027

Le t Ny = Maximumm SFCCC‘

Fom Fig (b), we find 4hat H:fah{ of the govevnor,
hy, = P& = JE’B)l— (B&)* = JCO-QS)"_(O-:): =05 M

we know Hhat 5415 895
™+ ™ 215 o —— X —= = 2384%
— ™ - O"S
(NL) = ™" h;_
Ny = 154.5 vpP™M
Ranjt 03( sP(c‘cl
e know ot "YC\?’\SC o{ SFCCd
= N =Ny = I1S4.5-133-8 = 20-3F vpm

www.FirstRanker.com



All'ﬁ,tﬂa kﬂﬁfcﬂmwl arms a:\c !cr\\S'H'l 200 mm . The qPFc:Y and

Fnrstrankemthmce www FirstRanker.com wFirstRanker.c
lowey ends of the arms ave pi V%CF the. axit! {F@B OVC—‘PnOY e

cxtension avms of the |ou_)CY links ave each 8omm \ona/ and Pccra\ld 4o
the axis when -the ﬁadii of ~otation of the balls eve 150mm and 200mm

The wass of each ball is tok«z/ and the mass of the cendval lood B
100 kaf De_"lc.‘rw“nc -the. qarlgc_ o:rr SPCCCI o{f 'l"'\C\_‘)OVﬁ'fnUY

PF=DF=300mm, BF=80mm , Yi=150mm 722 200mm

m = tok?r, M:lookaf.

|
yu— P
< o T
fe l f ) o hn.
T B .9 | h 1t ' 7
} Fl/ 150 l F 200 ,
' | £ o)
g
P\ | o
N |
g B
p
- M
T ™ l I lm
m3J Al dfmcr\‘iions in mm 2

. . b Max'n-‘u 05¥+f0n
o) Miaimum POSIT"I,OV\ ) l il

E Firet of all, let us find 4he minimum ¢ maximum speed of +Hne
|

jﬁovc'vno-f The minimum § Mo imum POthon of the goveynoY iS Sshown
n Fna.

Lc-l- N, — Ml‘rﬂmqm SPCC-Cl thn ﬂraclfus o:F 'YO'l'u-Hon’ Y, = FG =150mm
Nz - Maximum speced when ~adius of ~otation, v, = FG=200mm

Fvom Fig o), we find that hda,l».-l; o the 3ovevnov,
h| = PG = &PF)tCFGJL = J(BOO):'._ ('50),’ = 260mm =0-26 ™M
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A governoY Tgv%ﬁgrsq%anég'CgénnST'chwvu\.IJ 'Firsal-ﬁapé(aecr}nquﬂchPondg
40 a small chanjc of s[:ccd. The movement o;lC the sleeve for o Frackiom
C[’\omse of sface,cl is dhe measure of SCV\S"“‘TVH“?"

As a governoy s used F0 limi$ 4he change of speed oF the
engine bedween minimum to ful]-lood conditions, +he sensifivencss of o

:F'mad as -the ~oto a:f‘ ‘Hhe cl.’ffcn’crwc between the

aovexnoy is also de
cvange ogc s‘xcd) 4o +he mean

MO M and +he minimum 6?‘3&:{5

Gq/l.ﬁlfb'ﬂum SPC&I- Thus,

Sensihiveness = m—'

Nz — N 2.CN2_—N|)
— =
1 N Ni 4 No_

wheve
N — Mean s\Dcad

co*rvasponclin?/ +o ‘.le\ (oad conditions

N, — Minimum spcac‘
conA:HOﬂS

d CD’T"Q&?Oﬂd’;nB/ +0 No ~ ‘OCLC!

Np — Maximuww 9pe€

5’\&[:1(?413/
A goveynoY ‘s said 4o be stable f§f+ b—ringfs‘ +he spccd of

+ne engine to the '{e.q/ui’rc.d value and dheve is not much hunkng/-me.

ball masses ocaAPL{ o d.:aq'ni-k Posi-l-Ion fov each spcccl of +he engine

within the wov kfn%/ ~ange:

obviouslv‘, the shbi[IWq +he smsikaﬂt/ ove +wo opposite
chavoc tevistics: '

Humkn%/

censitivencss of o governor is a desivable q}ialﬂ-u}/- Howevey; if
o goveynoy is 00 sensitive, m‘f‘ﬂuc-‘ua‘{—e Con-\-fnuousltj/, becoiise

wohen 4he looad on the engine falls, +he slecve viscs -fand h}/ to o

maximum position: This shuts off he fuel supp‘l{-!-o'*hc extent Fo
affect a sudden {oll 1n dhe spcccf- As the speed ﬁ:\\ls Jo below the mean

value, the slecve agaimmpﬁ,&égﬁk@_l%mond Llls 4o & minimum position



:I :1 E‘irsmaﬁnke’ffequ’ﬁy The spccc‘. subscq)xcn-l-l\.rwfscs ond
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becomes wmove Hhan W\&\Eﬂﬁlganmﬂépmhe. ~vesyly Thedrtheeslesue again
~{ses 4o weduce Hhe fuel su?\:l%fTﬁfs process continues and is known

as hun-\-‘maz-

Tsochvyonism

A govexnoy with o Yonge of Spczc‘ zevo 18 khown as an
isochvonous governoy- This means +hat fov all PosH-tons o the sleeve
oY the balls, the goveynor has the same equilibrium SPccA' Anys
change of speed vesully in mov‘iny Ahe balls and 4he sleeve o their

'YO.C'H'cal
exiveme positions: Howevey, an {sochvonous govevynoy s not P
due 4o Fvickion ot Hhe sleeve.

Tn case of o th-‘-ev 9overnoY »ru.nnina/ ot 5P£ccls Ny § N2

Ypm- .
, m-+ - U+9) gqz .
(N‘) == ™ X N
-—‘\—4'0’*“1/) 895 ®
+ = ro __,___—-»
CN?—)L= mre Ty
™M

Fov isochvonism, ~ange o SP‘iCcI should be Zevo -8 Np-N;=0
() Ny =Nz Theredoye From equotions @ § @, =y, which s

; Y govevynoy
\'mFoSS\'B[a in case oF o Povder oV eYnoY: Hence o Po#-k'. 9

cannot be fsochyonous-

In case of o Ha14n¢|l _govc_moY ﬁr(.mnir?r SPccds NuUg NoYP™

J 2-
S 24N, ~
M348 = 2R X T = 2xn (T )Y\—x W = @

™M + - F _— S e X T — >
5 5 S?_ = 2 C,_-K > 1 C 2

'3/ - 6o '3/
Fr (sochvonism, Ny = N, - 'TF\c-rc:Fo~(< 'S:vom aq}xas-{ons @ g@
™M-9 +S5) e
=
M-9+S, >
' : cause the
Nofe: The fsochyonous governor is not o practical use becaus

Sleeve will move 4o one of its extveme FOSi‘HO“S Tmmadfo:‘t[t}/'”"‘ SP“‘A
deviades FHom Hhe ISOCQ\Tq!i\lpSLtgéanigct.c‘-
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'ro-La'(-‘tm'a/ tn the =ame P\anc_

™

Ax15 D:F

votation

—

[ Boloncing ma.sS
m,,"'" - ‘—‘C '
™M

y

Ceﬂ""ﬁﬁqu‘ brce exerkd bt{"“’lt mass wn, on —+he shaf€

F, = m.-'n-t@:' — 0

ay = Radiws o qofation
Centrifugal  frice dug do M- oA A balancing”

Fe, = ma-Y2- Wy —aE mass my (i.e distance
blw e axis of aeladen

M shaft § +ha
:’ = vy Yo W enbe «F graity

The cmH-fij
ey ons

} P"tbfxril\'o\’\a\ Yo the
Cpwducd o e mass

Lond vadius of ~ota Ho
-,-§ -1&3‘1(("\'\/\& Md.bS\‘J;J bCLu.UJ,c ugL fs Sanwe &.{ euk "\ﬁ)ﬁ/

T {ensideY a d.'s-hubing/ mass m, atHached 4o & shaft ‘f’mta-k-v}/ ot
! W vad/s ay shaon in Fig- Lt ¥ be Hue ~adig o ~ododion of
E’H\c — distance blw the axis of ~otation oF +ha shaft
}ar\d Hhe cenbre of Yol by 'J_'H\‘-m‘“"m')'

o
ﬂ| — M T

o mamy w4

This cenbifusal free acti vadially cutwardy and Hwy producas ben diny”
merund on 511,{{,- Ta erdon b tountinadd Hhe effcct o dhis foree, a é"ﬂ(“'nh’n‘,:

Mass Mz ) Maw/ be attoc he d n Hae somar p\a.vu_ of= ~pdntn ay dat o

\ , " L s oy due a - ¢ tua. |
dishunbingy” ma¥ M) s E@v‘i‘éwﬁﬁ’éﬁé@?.éo%ﬂl% e T b A T

e — coad | o
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Considey anu numbfﬁf
Fc-zf
,:F masses (say -.BM) g
magnitude M, my  my g
my ot distancey of Y, Y2,
Y3 £ Foom +he axts of

Hig fo-‘-m(l’nty shaft.

"

Let O, G, 03,0, be the
angles o 4hese masses
with +he horfzontal line
ox - Led thuse masses
votabe abeud an axis

(a) space d“'&j’m"\ Hnough O and 1o
e plane f popn,

with a consbant velocibyof
W vad/s.

9 Vc{JﬂY diaj'mrr)

The "\aﬂnl'lu‘!.: ? rDSi“‘iK\ .’§ Ha Bﬁ(c’-"\Cimz/ mass may’ be ﬁlﬂ‘é
out analwhccxu‘:{ o )Yapk‘(&“‘f'
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SH= m¥ 058, +wmy¥,cs82+ - - - -

foree (o the product
.a‘g;-H'LL MO, g ’.,t‘

3) Magnidude 4 Ao ~esultant c.an:ﬁga( %fté , roding f roteckion)

2Nz M Si(\@l + Yy Y2 sinGp + - ——-

3 e'xewrfzcl boY mc(-\
-
Fe = CER) + (&v) MAM on Hae yodading

THi5 angle, wiEh which ? shad-t
19 © = ~awltant dree waa kes with ho i 20ntal

TanS = '-"Z\/'
= EH

/
A

T balancivyg force- 15 o equal b dhe vesllant  Brce, butra

O?FDSf &, divec Ho'q

G) M&Dn\'"‘/\&- of e balqncfrva/ mass

fe =m-v

T — balancin_;;/ mass

v— Yadi of ~vofakon

(raphical Methed

M v — Raultent cenbifumal forte

mY = ML{(HQ‘}' o ™Y )m"n ~—=
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H[ﬁtﬁﬂﬂke\rym%a E, My are 200 k%, :500{03’/‘ Q-'-to-ky E’
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260 kg -rc,grcc;“-Nc‘?/. Thvgwwé:'}?ém(’cfm'{adﬁ Wﬁwfgﬁmk%rfgomlm/
.0-16 M, 0.25™M § 0:3 M -quiia_-l—‘ive_lla/ ond “the an_alcs betwean

) X P o X o = L&
Sulcessive masses are ys, IS gl' (B35 o ch‘l +he Fostl—wn 9 maﬂm-‘t

& dre balance mass ~equived , i is sadiug of '-rqw(n%’vﬂ s ec.om.

ml z 200 ky y ml = 300 k.%/ , Mz = 240 ka', mL‘ = Zéok'y

- |3m
= 0 3= 0:25M A, =0
¥ =0 2mM , Ny = 0°1S™M 3 Y ] -
v 0.- 0 s -
W b 9‘_‘:: 1_45-}--—1‘5 =12 / °

Y 202,

'-'C'Jf m = Ba\o.nc'\ﬁy mass

© = The angle which the bala.ndnz{ mass makes with m,

:€ | -Lfﬁﬂo.‘ 'é'ru)) are F‘fbf’o*(“ona‘ Jo the
¢ cenTy¥l

q.; He xaclTuA/ C £ =m 1)

Since the M@n?-hde

PTOcluul' of each mass

™M, ) = 200 % 0-2 = HO kg-m

™M, Yo = 360 %0.15 = HS kg -m

-m
Ma2 Y3 240 %025 = 60 19

11

my Yy = 260 %03 7 38 kKg-m

3°°\'ﬂ

200Ky

240 le9) Fig . Space C\ia_‘)-mn)
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From Snis e,xir;'rassfcﬂ, +he value
and +he cmfjl& .

F!ane M may/ be Cb'{'&:“d’
' be obfained:

(4] n +he glane ™M MLZ/ |
) | sheun in Fi9 () The vectsy eo Cin

Lovce polugen as
i P2 since +he kalaned
e

6- oW dyawy the S o ] 2
1o the ance )

™ .!-0 O) _(C_F'\‘Cﬁc-n

e diveckion frem €

r Lonal 42 Mo Yo thevedre

sorite s Pf'fcfo{ﬂm <
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M- Yo —__\;g_c.Lt“{ £o L’ d
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~
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From this expression, YHae volur Jf the bﬁ““\dﬂy mass ML 0

and +he anﬁlc of tnclinaffon A of +his

the plane L may be obtained :
K e measuned from Fig (b))

mass with the hovi zental M“‘-a/ b
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. a y . ocoy r : r
e vavious forces cxc.‘lh'\af on -the veciprocating” poavts of an

L‘\\\\h“‘h e 1(‘.3(1\’\\1!\{} OLF (;\H "‘y\d 'I\D“(CCS OC‘hﬁg/ on "H'\C bOd% O:’: %C

' o unbolanced fovee o
engine due o es o Jovees only’ {5 known s unb

wltant of all the fovees due to tneHo

z‘s\\\\l;‘n'm % -.fcwcc. “Thus ‘i;S' he ~es
) ‘ but even

then theve will be no wnbolanced fovee ,

Pa(cscn't-

(
effects s nevo,

o \ .H be
then  an m\buluv\cc_d COL.\P\C. oY J\o«k\n%' coupie Wi

iy ['\’::(‘?P‘roc(x'l‘?ha/ engine Mechani £m
Constdey o hovizontal -rcc?;ﬂocrding/ engine mechanism as shown fn

<3 3 :

Let FR._ fovee .fc:.vli—iccl to cxcccle—ro:‘t the —reciFm:COukn?/ Faf+s,

F:ti - Tnevha {o-fcc due o —VCCTPTOCG\-HO?/ Pm"—s,

- Force on +he sides of he cylinder walls Cov) novma
= | o ,

'{0"( [ S ) C4

Tnaf on ~he €Y05S — head guiclcs

beoasing oy oSN
Fp - fovce acking on the cvankshaft ing o¥ wod

bc‘c‘m‘h:s
Stnce By and . ave equal n mogn?hde budt oFFosi-l—c in divecHon
dherefore "”\ﬂd’ balance cach other. The hovizontal COmponcﬂ{'. of fg Cie fon)
lso equal and opposite 10 R
fovee and -rcq/uf'feJ

“C‘\\"“}/ n\ona» tne line of ﬁcciFTocn‘[’fOn 5 a
(

This {ovee F;m:: Fo 75 an unbnlo.nccc‘ force o .Shok‘fn%

4o be p*ropcwl(d/ balaniced-

Faty www.FirstRanker.com



Y

| FirstRanker.com aies of -the eylinder walls CFy) and 4he

R/ Firstranker's choice

vevlteol qnv\\nonr‘ri‘- of VT",V“WWNRW\HCWW mry,u‘!“lWWrﬁrSE?P@KH@Oth thus

ooy e " - K ‘x -
'(m\\\ 3 h\\«\"-lﬂ(]f Cnu[*'f“ m_l H\QQHT'I‘M‘“" FN "N oY rm,“
(

. ) A
[Fyom ohove we see lhal The effect of the "“‘!’wa’““@ rw‘.:

. R e Since 1he shakin
s lo pvoduce o _r.|ml.-mp’f fovee ond a .‘.hnf’lf"a/ C"“P' 4 ' ¢
‘ wle ond digecHon dw'hn%/

.[nii't* m\(\ ( tl\v‘(iul'\d}/ (’{)““Jll‘, vn.ﬁa/ i mf}gm"h. ' {'. '3
( objec Hanublc Vi brations

- a ey
Ve vm)i‘w-.* ct/rIC, '\5‘\n,'vr.(()'(r'- '”\f-flb/ cuuse VENY
X a . [4 . g 16
Thué the  puvpose of  balancings ~he :ccapfocajnm}/ mas5es 15

et o ’i
vee and o shnking/ couple.- Tn most of the

Ao eltmin Ahe shalking o
| (\{n ;) fovee and o shakfﬁg/ cou.Plc

wechantamas, we can weduce Ahe fshrxlv’-lnaf

" #(al
" ce bt p‘ V5 ustall ﬂb'{ prac
NA’ mlrllw)/ n‘.'irw.'{\rilah‘ \)(\\nV\ClNAf mass, P { ’ Yy

i L] A ms&s
Vo eltminale dhem Com\»\w\r\‘d" Tn olhey wotds, the veciprocating
Y ﬂﬂ‘l‘\" ‘_\(\-1.“(\“‘,‘]/ \:xo-\(\t’\crc(-
Nole s The madaes ’lf"\“\ma’ wih the. evankshaft ove r\O'YYY)o.“v/bO-\O.ﬂLCJ
' = ; . the
ond they do nod  Avanami] any’ unbalanced ov ahakmg/ foxce on

\\\’\(lu’ ﬂ"\{ 'H\c‘. \‘f_\_ﬂ"\ﬁ'

l""““""]" *} """"““‘i"“"d" Un\l-»:.\lnnc:'d Forces of Qc’c?[)'v()crxltna/ Masses
{

(_j“n.-“k(h. o riﬁ(;f[\'[()(‘,(h“‘i(\r)/ engfvwc mechaniem as shown n F;a,.
‘ (

Le Wy o Maas e e LFP'\'UC(\'{'ina/ p(n"\'f:
(| = l.c(\g-\l\ A the Cnnnr.(_-hn?/ ~od PcC
v 7 Rf\l‘l‘(lﬁ a'\( C,.'Y(\i‘]k QC
O - /'\"j)“ A teelinadion o he cvank with 4he line of shoke

o
W = Ar\,')lllm' a[\rr.cl a_{' Ahe C"mﬂk

ne Ralto of lenglh of he c:nnr\C(‘4-1n3/ ~od 4o the crank

wadiue . “/.{
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QU L >

0526

n

C\R - wl-"{CCOSG +

Ir\ukc\ foxce due +o 'fccf}:'roco:‘fn?/ ch‘f*s oy foice 'TCq,uT“fCJ
o accelevate 4he "[C.CIFTOCOJHV'\%/ FC"’AS/

c05209
F_T_: F& = Mass x Accde'm"?m = m"‘f'ﬂf (COSG +,. i )

of 4he fovce exerted on the
O?POSH'C +o ineific force

The hovizontal componm'f:
:5 C‘fm’\k Sha:("t beo:(in?/ Cise FBH) 15 cq/ual and

%CFI)-"“\-'S fovce 13 an unbalanced ene and

r. Unbalanced fovce,

cos20
3‘ FU = n‘\-wl.w’ CCOS(9+ n ) = M. €0 o+
FU = FP + I—"; A
. . balo.ncc
The CIF'TCSSiOr'\ Cm‘LO‘ZT'TC°59) s koown as ?-nmmw{ ek

is Callacl seconclmu{ unba\anccd ﬁrfcc-

' ‘.[C""Cﬁ Ct\'\.c( lew"':-fx CCS:{Q)

1
P-:imoaLJ/ unbalanced fmca, Fo=m-w- ~CO0SE

0520
N

and Scccndcuu{ unbo-lctncécl :.CDWCC, Fs :M-w‘“l-YJE
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The locomolives, LL‘.‘JUC.\\\lJ/, hove two Cy\rndcws with cvanks placed

ot wiah{' angles to each othey tw ovdev tv have unirofm?hf in ‘lu’mfn%
woment dic\_g'mm. The 1wo Cylfndc:r’ locomodive s oy be clossified as:

te Taside Cy“ndc-f \ocomolq'\,-c_c, 9. outside c‘.yh’ndu\r locomodive s

Ta the tside eylinder locomotives, the 1wo cylindevs are placed in between
4he planes of 4o d-:ivin%/ wheels as shown in Fiy (n); whereas in +he oudside

cylinder locomotives, the Wo eylinders are placed outside the d'f""‘ﬂaf wheels,

enc. on each side of dhe d-ﬁv\naa wheely as shown in Fia'tb').’ﬂ\c lucamo‘-?VCS‘
ray be

0) Single o uncoupled locomolives b) Coupled locomotives

A sinjle. oY uncouplccl locomotive s one, in which the effovt 7s trans-

mitted o one palv of 4he wheels mlt)f; whereas in c.oulalad locomotives, +the

dw‘iviﬂaf wheels are connecded +o the 'C“Chr“')""t -l-rcxi(ina/ wheel \’7’0"' outside

coup\fna’ ~od.

@ ®
@ ®
crank IT-—..,_M'; crank | P ———

/

Diving wheels Driving wheels

0) Inside CYh“dC‘f locomotives b) outside c\,[indu( locomodives
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Locomolives
The. --(cc;ip-‘roca-hmy pcxv-l-s ove onh( Powh'o;lln?/ balancdr Due 4o this

: . {s an unhalanced
poidiol balanc'mzf of the ~(C.C||7mc0u"m7 poxts, there 16

Pﬂf‘ﬁm% Joree olnngz the line of stwvoke ond ols0 on unbolonced primory”

Jovce pet Pf_(\dicular 4o the line of stvoke: The effect of on unbolanced prima-

Wy fovee. a\on%-{h;—. line of shoke Ts fo P"‘Ddl*cc-'.

be Noeefo bion tn Hvacfive fovee olony the line of stvoke

2+ Swoylng Couplc

The effect of on wnbolanced Pvinr\om.)/ Lov e PL’YPe_nd\'Cu‘o_Y Yo the line

toh { ' ich ~esults
A slvoke 1s o produce veaiaton In presswe on the ~vails, which

o i 1 unbo.lan-
N hammc-,iny o.c.l-{qn on -{’ng_ '\’0\\[3' The ™MoXimum mo._9m+w:|& o'JC -Hw:

e 15 known as &

ced dowce olong the pc"qacncl{culaw ‘o “he line of stvok

hamemerr Blow -

Vorsjadion of Toctive Fovce
The Tesultort wnbalanced force due 4o Hhe +wo cylindevs, along/
the line of sdvoke, Ts known as dvoctive fovce- Let 4he evonk fov the

:k'f'_";“{,' C\/an{r_‘( be im:l?ncd ot on orBlz'. 9 with the line ooc stvoke, s shown
in FTJ. Since the cvonk fov 4he second Cyll'ﬂd&‘f is ot —rTJh't angle +o +he

;(;.,5-{_- cvonk, theredore +Hhe On__«)lc. of tnclinotion fov 4he second cvank will be

C10°4-0).
Let M~ Mass u:“hc_ 'tccipwoca“ngz Pa—(-l-s 2 "
(i) ¥ W sing
pe Cylir\dc"{ o X
€ - Frockion of the «ccipvocakn?r .
P()-*l‘l'.’) ‘o be bahjnccd |l '__/__ — o 9 -
[ Get)mmusTeoss
We know thol unbolonced fovcc a\ang, Litn: { ke
Ahe line of olwoke fore c.ylmdcwrrl
Y
= (1-¢)mrwt cos0 Bu b sing

Sfrn:’ofthz’, unbalanced fovce n\om‘r the line of slvoke for Cy\fndcv 2

2.
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L1

R YO TUIREBRONEES O Bice. oo M ESIRENST S0 e

= (l-c)m'ru:{‘ms() 1 C‘I-C)vr)'rw"wét‘m'-rﬁ)

B

(1=c) vy W (050~ %in0)

n

Fy
The d~vockive force 15 moximurn o) minirmurn vhen (wag- 4ing) 1%

moXimurn o minimurm . for (€050~ 5in0) 40 be modimum o minimurm,

,EJ_.. (cnstﬂ-:,’mo)-;o tos) —LinG — w50 =0
d0
S Ton9 = ~) o) = |~,5“ ) Ziff

rd »
.4 ¢ - - - =z £ ‘5 5
Thus, 4he 4aoctive {orce is roaxicnuery et Minimum Uhen @= 1327 '

~

g minirmum  volue of Hhe drockive foice v) vacriodion in

/. Masrarmur

“4vocdive Jorce

-

L p- L v
+ =)ty (Co51%5— sinizs’)

= + J2 (l-L)rn-(wL

Swwa'm?i Coulﬂ&

The unbalonced forces 0‘002/ Y line of shvoke for Ahe 4 cylinders

conshidub. o cou{:\c obout 4he cenbve line 7Y behween dnc "ylfﬂdﬂ-"s 0.5

shown n F;a.-
obout o verdical oxis, ond 4ends 4o

ise d:‘!CL'!'I.Oﬁs‘ ”OICC

'

This coup\e. o, :,w%:ma, ef{fect

4he couplc {5 known oS wajfngr c.:.mf:\c-

G- st cosg

Led - Distonce bedueen Hhe cendre lines
af‘ the 4wo cylindcr_-; T oot II i
i,
Swo_nj!nj ccuplc. e o,lmciwd. 3‘;_
a (I-L)m-rw'l—coseq%_ ’ L _i_ L
\/ i
- (=) mvug (W6) « 5 o
Ure o4 chroke %
= (1-C)mrus’ % (050 +4in0O) Se Cfinder 2 ,
I " Wit &

/

(1=’ cos (A7 +0)
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d, (coso+sing) =0 Cot) —5INO 4 COSQ =0 (o) —sln@ =-os¢
do

Ton@ = | (ov) © = Y45 to1) 225

‘ Thus, the swoyine couple fs moximum of minimum when Oz 4S w1)225

D Masi murm g minimum volue of the swaying cOuFlC.
L. O sys 4 S 3
=+ (- x o Ccosys’ +slnys’)

o (=) mruw™
vz

n
+

Hommer Blow

The rsxirun rognitude of 4he unbalanced fovce “["”3/ the
perpendicular 4o +he line of shvoke is known as hammer blow-

The unbolanced dovee a\ony the perpendiculoy +o the line oF shcoke
due 4o 4he ba‘oncin?/ moss B, of o vodius b, In ovder 4o bolonce ~eciproca-
'“r‘?’ F‘W‘k 0““3/ s B bsing. This force will be maximurm when sing is
iy, ice e 02 a5 ) 2307

Hommer Blow = BLb
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Ledt M — Mass of —fcci\:ﬂoco:hnz/ Fm-]-s pev cylindey
9 - length conm&‘.naf ~od
~e Rodius of crank
= Raflo o length of conncching vod +o eank
dodius = Ll

6 — Tnclinadion of cvank 4o the vexrheol ot any”
tnstant

g W — An_gu[aw vc\oci-H)/.:\( cvonk.

i
' Ccr\s?clcTina/ p’rimru’t{ ;(tw’ccs
i

{ 7040.\ ccmfoncn{ .jc F—rfmcul//ﬁ_wc¢ a\onz/ Hne ve'\’-L?CCL‘ h‘ne

2.
{ F(;\I = 2m-u.9’."¥ C0S:-Cc0S@O
|
|

Totel -Comfoncr\+ ,fw‘momg/ fowee along the hovizendal line

F;,H = om W ~Sinx: SIng

Re sultont P-ffmcvf\ﬁ/ fosee

B Ry (R
C_or\s‘\ch'Tir_\j secor\dm'td/ fovees
Total component of secondany fovee along vevhical & howizonal fing

o= 2M Wi ¥cos<. 0520520 |
sv =

Baw = 2M . Wh Y sing- sin 2.4 sin2@
sH = Tn

‘ hgH RcSuHﬁn-}- secon&o:n,)/ Fo-{cc.
r R
e = ﬁav)"+ (Ru)
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VIBRATIONS

When elastic bodies such as a spring, a beam and a shaft are displaced from the equilibrium
position by the application of external forces, and then released. they execute a vibratory motion.
This is duc to the reason that, when a body is displaced, the internal forces in the form of elastic
or strain energy are present in the body. At release, these forces bring the body to its original
position. When the body reaches the equilibrium position, the whole of the elastic or strain energy
is converted into kinetic energy due to which the body continues to move in the opposite direction,
The whole of the kinetic energy is again converted into strain energy due to which the body again
returns (o the equilibrium position. In this way, the vibratory motion is repeated indefinitely.
TERMS USED IN VIBRATORY MOTION
The following terms are commonly used in connection with the vibratory motions:

1. Period of vibration or time period. 1 is the time interval after which the motion is repeated
itsell. The period of vibration is usually expressed in seconds.

2. Cycle. It is the motion completed during one-time period.

3. Frequency. It is the number of cycles deseribed in one second. In S.1. units, the frequency is
expressed in hertz (bricfly written as 11z) which is equal to one cycle per second.

TYPES OF VIBRATORY MOTION

The following types of vibratory motion are important from the subject point of view:

1. Free or natural vibrations. When no external force acts on the body, alter giving it an initial
displacement. then the body is said to be under free or natural vibrations. The frequency of the
frec vibrations is called free or natural frequency.

2. Forced vibrations. When the body vibrates under the influence of external force, then the body
is said to be under forced vibrations. The external force applicd to the body is a periodic disturbing
force created by unbalance. The vibrations have the same [requency as the applied force.

Note: When the frequency of the external force is same as that of the natural vibrations, resonance
takes place.

3. Damped vibrations. When there is a reduction in amplitude over every cycle of vibration,

the motion is said to be damped vibration. This is due to the fact that a certain amount of cnergy
possessed by the vibrating system is always dissipated in overcoming frictional resistances (o the

motion.

www.FirstRanker.com
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TYPES OF FREE VIBRATIONS

The following three types of free vibrations are important from the subject point of view:

1. Longitudinal vibrations, 2. Transverse vibrations, and 3. Torsional vibrations.

Consider a weightless constraint (spring or shall) whose one end is fixed and the other end carrying

a heavy dise, as shown in Fig. This system may execute one of the three above mentioned types

ol vibrations.

LLLLLLELS lLLLL 022 LLLLLS AL

1
l
i Shall
]

N R

]

N\

1
1
|
LY .- C |
ety 1
1
1
.
i

B = Mcan position; A and C = Extreme positions.
(a) Longitudinal vibrations. (b) Transverse vibrations. (¢) Torsional vibrations.
Fig: Types of [ree vibrations.

1. Longitudinal vibrations, When the particles of the shaft or disc moves parallel to the axis of
the shafl, as shown in Fig(a). then the vibrations are known as longitudinal vibrations.
In this case, the shaft is elongated and shortened alternately and thus the tensile and compressive
stresses are induced alternately in the shaft.
2. Transverse vibrations. When the particles of the shaft or disc move approximately
perpendicular to the axis of the shafl, as shown in Fig(b), then the vibrations are known as
transverse vibrations. In this case, the shafl is straight and bent alternately and bending stresses
are induced in the shafl.
3. Torsional vibrations. When the particles of the shaft or disc move in a circle about the axis of
the shafl, as shown in Fig(c). then the vibrations are known as torsional vibrations.
In this case, the shaft is twisted and untwisted alternately and the torsional shear stresses are

induced in the shafi.
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Nevhival Hm?}m'rmd-' of Fyee l,,ﬁtlf);‘\lktf‘1r\(xl Vikradions
e natuval 'f'\'cq}.nmu"/ of Hhe fee \On_g'l"lucl?r\al vibrotons

be delevmined l“‘" the. 'fol\omin(a/ Hthvee methods s

I+ Eq a i bsfiaey Medho Cl

1 Considey a Cmqs.\..m\'r\-[_- Cie 5T"“”%’> o-§ ncﬂ\ig?ble massd in an
wstrained  postdion, as shown I FigCa):

((\) © (¢)

B ST

()]

L

LA S
;.l\‘. Y/ ’ff

-

/ \./"«/_'E

3

VAN NN
VVV'\’W\J'\,/'\./\/\/—‘E\

I S :
“ Unad~at \(‘d L.’ ] [N E-R4TTw 5(64‘-1)
| poariion ‘_ o |‘* S T ) k

| T ] L

{ LJ:I\D . _._J _—

| . ' }
S A A

i m 9% S il

| dt

Leb 5 = atiffncss of the constvaint . TH s dhe force wequived o
ment T the divecton of vibvahon, Nlm
gtvaint ta ko

Pwoc{ucc unit dfsp'nce
™M — Mass of dhe bodiy suspended (vom the con

4 q =M
N - ldcta!n-l. p:f- Fhe boclna/ In Newtons ?’

tng 1 lyes due 4o weight
6" 5“‘11“(: dc{[ccl‘tor\ o:f: ""16 ‘.‘a‘)un{‘r n mclvc, we wr,a»h

+the extemal force, m
xX - Df:‘_{)‘OCCmcn{ glven Ap the bodt)/ bta/
T the equilibyiam pOSHfon’ as shown in Flg(b) , the 91nvf+t\4f;r)
S

s o .H.'a.‘, W=
pull ARl ts balanced by’ a fovce of spying, such
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by o distonce x, as YIRS LRANK RO Mand * s WiV i r st anseidcothere fove

Oé“tf 4-'\me. 't/
R‘:shmnca/ foxvce = W—-5(C8+x) =W-56-5%

= 8.8-56-6%x =-5%x —>O

ST KH=5S & )
( (Taln\nz/ "‘l’“"""’A fosce a5 neqdive)

ACCC‘“O‘H”‘K force = Mass x Acee levation

v
dx,k
ey = YN ¥ —
b/bb%'y{{, dfz- — @
-‘" b ] L
o C Tak’lﬂ?’ downward fovece os positive)

.Eq,uo-‘-ingz eguodions @ ond ®, +he equation of motion of Hne bod‘( of mass

M after Hme € is

xS L _ex o) madE sxso
d’x

5
j‘t—l + “;“*I =0 — ®
We kaow +hal +he fundoamental cqluahon of simplc heermonic moton

2
CI.__I_..Q.IASQ-I =0 ,___..-——-»@
dt*

corporing’ equoHons (3) § @, we hove
’ S .
W = ™ L.'. mo = SS)

2A
I Time pexiod, tp= T ° A

AsLs
)

| A !_5_ - _‘_.“i
oand notuoal 'F(ccbuena(, JC = ?; = amxN M 27N §

'ﬁtkin% +he value of 3/ as g.8 mlsg' and 8 in methres,
,. 04985
{ = L S—s-—l- = Ha
nNT2aV § V&

Note : The value of stakic defleckion & may’ be found out from the given
conditions of the problem. Ry longitudinal vibrations,

Stvess W L ) W L
S © o) S EomsE =) &S Ry
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e know +hot A Eirstiimkencogny’ s dusvioFithRamedioamef the

bodla/ and the potential enevgy’is with ~espect 4o a certain dotum
postion which fs equal 4o the amount oFf wovk ~equived 4o move the
bod $rom the datum posiHon -

T 4he case of vibvakions, the dodum posiHon Ts Hhe mean oY

equilibvium position ot which the potential enevgy of the body” e the

system s zevo.
Tn the Fvee vibvations, no enevgy s tvansfevved +o the 53’5+°’n

or from dhe svs-ham- Thexefove +he Summodion of kinetic encr9y g Po-}m#a]
h s same ot all +nhe Hmes-

enexgy wust be o constont qrantity whic
d (CkE+pPE)=o0
dt )
\ dx \*
We know +hat kinedic enegly, K-E = -2_—*”\( dt)
2
and POthf\—Ha\ enevgy, P-E _-_(ﬁ‘".fit)*x = _‘5.5-3:

C" p.E = Mean -ﬁ:ﬂcc-xDTsP\accanc:

o d t ax - 2
at f*m(dt +3:*5'1]_-=o

| d_x*.‘ﬁ-_;.-‘—*S*P—.x*—é}—:o
d%x d* s -0
M —— 4 S-A =0 C(ov _——-{-.———-*'I"
S ) gE T ™

The Htme pexiod € -he nochuerol -ﬁycq/ucncj/ Moy be obtained as

discussed in 4he pevious me-thod-
&Ra\dlcfafh 's Me-thod

T +his medhod, the maximum kinedic enevgy” ot the mean position is
equal 40 the maximum podential enevgy (ov stvoin encvgy) at the cxdveme
posidion. Assum:ng/ the moHon executed buy Yhe vibvakion 4o be stmple
harmonic, then

N2 X sinwtE —— Q@

wheve % — Moxi mum di’sp‘accrncn% from mean positon o extreme positon

ale 1 Vo0 L .
» LAMLAS L3 .:C(M
~ — Dtsf»lou:emm{- F the bodu, from The mean 051 Hion oty de
www FirstRanker.com
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:l » FirstRankegamioting cquodion ©, we have

A Firstranker's choice ) .
dx gvvw._’liltit&ay&ge{.com www.FirstRanker.com
dt
since c&- meoan POST'HO”I -{;.—_o/ —H\mc_:fmrc MOoDLMUm VC-'OCH"{ O-‘\' the
meon posifon,

dX _ o0 %
V.-—d--?—- i

1]

2. Maximum kinedic Ene,fsba/ ot mean Posﬂ%of\
2> - 2
= Txmy s Laxmwd @

(A i-H
ond  maximum PO“‘eO‘H’al eneY gy ot the exdrem ?osl-hon

(22X )% - pren — 0
Eq/uod—incy equotions @ &G
| J?:.aem-m’.'x"._v?‘_.*s.xl
w = = , ond ‘*93‘]?'71

: 27 Lt
- Mime Peﬁod’ tP:- o - ZAN 5

I - W ( ‘ S
- _— = ™m

ond na—‘-u-ml Frequency jfn: TP— T oam o2

? Node: Tn all +he above expvessions , w9 is known as noduval civeulor

|
|

:FYCcLuencvf ond s clcno‘l-r_d 5‘3/ Wn -
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Firstra ntz:; tJ(Il) ice Numbve\l_vawégjrs%ﬂ%em@md &  www.FirstRanker.com
C CL

subje ) n i i
l l l Figs Shaft cavvy m%/
A ~ j N o nmber of Po;n—{-
s \\\Iﬂ,‘ ‘T (£ loods
r ~— {/V

| Consider o shaft AB o
iw,,w,,u3 and Wy etc- tn newtons, as shown 1N 1:.3-

ing masses in k%/.'TF'\e_ nedural Frequency
o methods ¢

i o such
Cedc. be the covwespond

a shaft mouy be Found out by the a‘ol\ow\n?( Fw
1+ Enevgy (ox Rayleigh's ) method.

Leb 4, a, g, e be okl defleckion under loads Wi wa,
W3 and Wy edc. as shown in Fi-

We know +hot maximum potential encrgy

= —b m.-g-m+—;T*m;-s.la;,*_—'i*m‘yg.(@_{__Er’-_*mqis'%“‘*._-_d
- | . a.
and moximum kinetic encygy”

| y= 2 9 2
=M (0 o g m (W- ) 4 gy (W0 ) g v (WO - -

s 2
= Loeus [ M08, my Gy Yo ms Gy mi Gl o=

r n
Xxuy m-la
(w = Civeular chcq,ucnu/ F ‘f:b'm'k"f\)
! E%uc..-kny-*hg maximum Kinedic ene"9Yy 4o the ™maximum FO"'Cﬂ'l'fal ene¥gly,

¢ i 2 |
| -;-_ac-w Tmy =z 3 *IMg Y

? 9

_ W - =

: Zﬂ’]svl zm. 3‘—
i

; JIM. Yy

,j “9 - zm- 31_
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T ox T 2x ¥ =my”

'2 Dunkmlu! s Method
| The notural :|Cre_cbucnco.a/ of tvansverse vibvotion fov a shaft
Covvying o numbey of point loads and unifovmly, distsibuted load is

jObiruincci Fom Dunkexley's e.mPh:'cal formula. ACCO‘(JTn%/'{'O +his

]
: - : ! 1 1

2 a + SRR oSy
R e N S T

Where £, — Notuval f‘rcq,uc.ncné/ of +ransverse vibvation of the
| shaft GO ings point loods and Lml:ﬁrrmluf distvibuted
; lood
'}ﬂl,‘-(:ns_,fn_:,,ek. — Notural -ﬁ(cq/umc?/ of +vansverse vibration o eoch
Poirﬁ' locad
fns — Nodurol Fequency of tyansvevse vibrotion of the
unhco-vm(ur disbribuded lood Cov duc +0 the mass of the
shaft)-
Now), considey a sheft AB looded as shown in F':'g/.

Wi W W \
3 , N
\.J\um‘\ le “"J

i
A 2

Fig: shaft Co:r'winca/ o numbey ¢f point loads g o unifc-rrml?/ distribukd
i lood
| Let &, 6,65, etc — stolic defleckon duc 4o the lood by, Wz, Wy etc.
when censidered S"—P&mkh{‘
8s - stotic deflechion due 4o +he uniformly/ dishribuled
lood ov due 40 the mass of the shaft.

We know +that natural Frequency” of 4vansverse vibvation due 4o lood Wi,

Wa § W3-
0-4985 . ©0-4a85 us
-EA. = wﬁi Hz {'n-, = — Hz ) gﬂa - —
b \,'—(sl R-7H V Oy
www.FirstRanker.com




dll } FirstBanker.comecy o tensuerse brokon ducdo wnifrmly

Firstranker's choice

i

i

\
|
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05615
fne s ———— Ha

J s

! Vi mula, the
Theve fove, accoqd{n%r 4o DLmLtY[Ctdzs C—MPI‘TICLL{ {foeymu

| no.-&-un'al -}:n:q}mnc_LJ/ of the LOL\O‘: 513‘54’&"’1 i3

\

T E Tt et o e mmeg
C ) () (4n2) (Faz)* CFns)*
= __§|_,_L+_ S .+ __5§____+___+__g_§___—
(0-Lq85) (0-4q85s) Co-yqags)* (0-5615)

\
z =z ' ds
) G oy [6; + & + & + hﬂ]

]

0-4Q8s

_'(:n = —_— —~ o p— H;

\(6l+61+(§3-—\-—-—-‘-} %}

Note: I When theve s no unifovmly dislvibuted lood oY mass of the shaft

is ncs[{gfblc, Yhen &5 =0

0-4ags

= e Hz
\{TS. +82+Say - -~

fa

’;"_ The value o;(: (5.,(5}_,55 ete. :ﬁ)"( o} s‘umpilg/ SL*PFW‘LCA shaft Liis: be obtaind

|
|
|

from the ~elotion
Worb
IET L

—_

Wheve &~ stotic dcz(led{on due to load W
0 and b — Distances of the load from the c_nc[s,
E - Young's modulus Jor the matrial of +he shaft

T — Momend oF fmevho of +he shaft
l-— TO'+U_[ lcr}s-{’n of‘ +he Sl’\QJ[t'
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rstranker's E:miw A Ronis oy shaftwwenFistRah et cant

moundinas ond oaccessovies in the forem of Jears, Fuuca,s, et When

the geavs oy Pullc'ﬁs ave. Pu-f: on ~+the sha‘f{, the centre ojCJ"!’Gk\I:‘F‘?/ of +he
pulle% o¥ geay does not coincide with +he centre line of the bcavrngs or
with 4he oxts of Hhe shaft, when the shaft is S'RL#OQQYZ'-TRTS means that
the cenlve ojcj*muf%/ of the Pullmjx ov geay 1S ot o cextain distance :q'om
the oxis o]c ~ototion and due to *Wﬁs, +he shmq: is S“IZJ-CC'I":A to centi-

Scuja\ Lovce. This fovce will bent dhe shaft which will fuxther increase

Hhe distonce of cerdre of 3*(&\/?-&3/035 4he PM“c'j/ ov gear from +he oxis
‘ | dingly ncreases the value of Ccn%lﬁkgal

D'£ TO‘{'&'{'IOQ- This CO'YYCSPOH 'na’ l?/ ‘N
taner o ecotic of gravity from

fovce, which Luxther ncreases +he dis .
the axis of votodion: This effect is cumulodive and uH{m&ﬁly the sha

c [ af eccen~
]Ccu[s The bcndtr\j of shaft not on[t,a/ dcf:e.ncls uPon"Hn value

4‘TTC1°{~I{ ¢ distance between centve a§\j-rogv'\+\1/ o]c +he PLL“E_?/ and +he oxis

ot ffohlrion) but also chcncls upon +he spca:’ at which the shaft ~volates
ot which the shaft ~vuns so “that the oddional

The speed
votodion becomes infinite,

dtﬁccl—?on o the shoft fvom the axis o

is known as et Heal o Wh?"’“”?’ SPULA'

0

! ¢ ;

Y )
o0/

AN R
|

| |

] |

. L. A I

O.) wnfn Snaj o 1o -luiiuu.--tr L')) [\”\('] Sha{f LRy 1T
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> FirstRanker.cofmss nslisble mass cormying o ~otov, as shown in

FE%EES‘F%?FEJE@ O is omwihFiestRAbkendomand GwwwFirstRanker.o§mvovity-
of the ~olov: When the shaft is S‘\‘Oul-fOﬂcxvtj/, the, centre line of +he bea—rfma/
and the oxis of the shaft coincides. Fiath) shows the shaft when otu-

“Hna aboud +he axis of ~olokion ot o uniform speed of w9 ~od [s.

Led m— Mass of the ~otov

e - Inikal distonce of centre o:Fj’YD.Vf'l‘({ oF 4he ~otor Foom

the centre \ine of dhe bcmfn% ov shaft oocfs, when the
shaft is S’l‘a—|~iof\&"'rlj/
— Additional deflection of cendve o .5'“1""'{"{ o 4he ~otor
when +he shaft stovts “0'{”&4‘:“8/ ot W9 ~od /s

5 - stiffness of Ahe shaft i-e the lood —raq}ﬁwcc{ peY
uni + cqucc--lr]on & Ahe shaft

Since +the SD\CL:H: is ,-fo—ﬁ-ml-'mg/ ot W 'rou:{[s, -Pncvcﬁ‘fc Ccnlr‘TTJC-«‘ﬂOJ
fovee ac%-inz 'Yo\d{odl%/ Skl +h-(ou84’\ G c_augmz, the shaft +o dc.ﬂcc{‘

‘s given by
F o= mw (f+e)
The shaft behoves like o sP«(nca/.TF\r:\fefmc the fovee 'fcsTSJri’nB/ Hne

deflection v,
= Sy
Ry the equilibvium positon,
mous (Y+e) =5 Y
m. LJ:% + muiie = Sy
g (s—wypm) = muwe

M. ws e w” e

t= S—m-uw” 2w

We know +hot civeuley Frequency,

e S 3 w . &
A=y m o)y 2 ——
Llﬁn)—- (FV)

www.FirstRanker.com
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FirstRanker.comion wil show that when > wn, the volue |

Folarcs ;ﬂ rlt:::-:{lr 5;2 ° Irf%o;l—?v e MWW FHstRaeefcopieflec+s wiaw st Rap{ssesic-bm diveckion

2SS howin dotHed in Fig§ (b)-
T ovdex o hove the value of y ojw&% posidive, both P(ULS

and MYiNnus Sigﬂs ave +oken: C wn:os;)
1 |
we-. & +e +te
‘?f:i'(w)’*w"'z wn Y T ey
n - ey —— —_— —
(&) - &~

- - LD Hre ValU\.g—
We see ‘Qom 4he obove ax\:n'eSS\on Yot when L9 c,

e o ed.
e A Lol oy whm!m? spe
of Y becomes Tngc‘fnik-“hmcfo're U9, 1S Tne cribical o

(- §-32)

- .

C~itical o whh[incg/ SPeeA,

’5 S HzZ
wp_:u@n; —;: 6

Tf Ne {5 “the cvidical o¥ LOH’!\?“T SPCCA in T-ps., Ahen
04985

[ 3 \ I
2R Ne = 'g tox) = 'E;Y' 8 H"
whese § - stetic deflection of the shodft fn melves.

Hence +he cvibical ov wlnh'\(na/ spcccf {s the same as +the notunal

2 It W be ffavoh.&ions pPeY
gﬂwcﬂcl?/ o +txansvexse vibvaton but its unit wil

second.
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I' FHJ&MMN}W spc’.cA oJC o shaft 20mm diametexy and 0.6m

IE:; nck ci: :gtn \Ij\c%c rix MGSS V\foWg_Fk[?,t RalKdrsconi d- PO?W#wW'.F&railRaa kﬁ?{tﬂfn +he

shaft mabt~ial s o Mglm and Young's modulus s 200 GN[m~ Assumc
the shaft 4o be fvcc’.ly suppotfed-
d= 20mm =002m , f=06m, m = 1ky, £ = HomMg|mi= Loxl0° 8)m?
£ = 200 Gl [m* = 200 %107 N[m* (= uoxi® k9 |

‘ko{ G\r_j\"'\ 71"&{1

! ;\Q" MoMCﬂJr '§ Int,‘YJri&; I=
A j\ B = ,.75‘-.(0:0?,) = 855'-7“6‘1 g
ey
- 06 ™M __I

3
Stace the clmsi-h{ o—f shaft malevial is Lo %10 kﬁ”[m/ thevefore mass

o',( the shadt pey metre lerlﬁ-l—h)
2. 3
Mg = Arcox Length x Dcnsih{ - %‘” (0-02) % | 3 HO*(0™ =12+6 kj/m

5+o:l—'t’c c‘e:(lcc-h’on due +o 1 k?/ o'JE mass ot The ccnﬂh'e/

= — 28310 ¢ m
T 4BET L 3% 200%10 1% 3.855%(0 1

s Wi |5 G 3¢ (06

ond  stodic defleckion due 4o mass of the shaft

4 % (26 % .81 x (06)1 N
Swi _ 5% (2.6 %9 ) 0133 %53 m

QUET 384X 200%107%x7-855%(0 7

5=

|
|
. F:req,ucﬂc?/ & dransyerse vibvodion,

i 0-H985 0-4a85

—— % ——
o 0133 %103
6+ 19_4 28’%0 -+ .-——————""?-q_

fa = 0'%81 = 433 Hz |
11-S2 %10

y e / of
luhh'lfno/ S?Qu( A o shaft to TPS s equal 4o the Frequency

Fansverse vibrabon in HZ,

Nec = 433 vvp-s = 43-3x60 = 2598 3PM

SR www.FirstRanker.com



:I :1 Eq%ﬁﬁgk{eﬁgmpcd Vibvations (Viscous Dcmeiﬂj)
rstrankersgnholce www.FirstRanker.com www.FirstRanker.com
Let

W — Mass SMSFCnACC‘ :(:[gﬂ) 4’h& S.P’T[Qj L o o oy
s — shiffaess of the 5P™109
x - D15F|o¢amen+ .:F +ne moss 5?'"‘05 Dom‘f-'—‘f
Hom e mean FosH%oO . s ,J
0sit — e — s — e — s —
6 shabic defleckon dhe  T57°0
an T—s-x CC%:I
spYi :
§- oI o
- s posiHen™ 1T T T T —_: -
fdy Limet [ 777
C - Dcxmrinj Com[ﬁcicﬂ‘[' cov) e m:"-‘
d¢

UI\H' \I&lbd‘\—nz/ Fij‘- FYCW'Z’ .1[ ‘.(-ch damrcc, vibfakons

i
l
! +the damr'\nj fovce P@’
i

c B
0= gm0 e
’ 2 ) C \*
wd: Wn -~ :J;i?_;ﬂ;
27T

Civewlan damruj vi brations -4

— = 9

| Fmsodr(_ +Hme °3C VHD"‘“*‘W”I t],: W9y & (f' 2 w’,;-a

—'ﬁ when no cJoch-{ is F"O\licllcl in the 5'3’5\"'“' +hen C'"‘O’—mc’“{cwc
i Hne frequency & 4he undamped

] S
fn= 3ad™

v bvation 3

|
| 5 - 2mx
cikical dampiny coefficient, Cc = ’-"‘\}: 2

S
=R EE
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:I : 1i§5{1§¥§§&g[}!§%§["’cqm Darnping ~vaHo —CC_; - zcmwn

|
|
l Lcjon'lynm\(. decrement

o-t
Amfh‘lw:le. 'YcAur_-Hon :Fac,-h;"r/ _3(_('_= e P :Lon54arﬁ
2

Lggoithri ¢ decrement , § = log ( %) = Joge

62 |05¢ %)’; Q"EF

. l:? L34 2T ox 27
| = OX — 7
i 91 - \,g‘afcz' 6 Wd ijﬁ _o*
i c L, o 2
| o= m ( Zm Cx% 27
- —_—_— =
b..90 5 so0) 1 W -E_' v 5
Ce =20 3 osL‘\\o)n wn,| 1~ -:l;;' ik n\J lp.(zrmdr))
§ one® e ’
3 ° v|»
er'O nt Cx 27 27C
-~ A 5 .
51 i\«\t g@w’ o_mﬁ.‘w'éc $ = ZJ,—?_ 1
S -~ Jed-<
o0
Amﬂmde,ﬂamyw\ém%f
a-t
Xy _ _:ﬁ:: _1__3_.: - = IF’ - & P —;;ConS'l'an'l:
x, Xy Lni
x 27T¢C
Logarithmic decrement S=lo - = il =
> ’ J P
B Iﬂ-rl C:“ CL

%, £ %y > Successive values o Hne &mf\f-iudc o the same side of

+he mean fo0 s\hon

‘e
1IN | decacasing @
| -"‘J \ = - = ru'f"lol
| S \ -
‘ E -:-1 \\
|3 \ )
{ ‘2 \ - - —
T \ mean positien
¢ o {
{ T \ ,_\ — = Time
| N\
(WA Loaaxithmic Decserment —> The natural

logatithwd of e amflihck e duc fien farker-

| www.FirstRanker.com
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When the parkicles of the sha oy disc move in a civele aboud
+he axts of the shaft, Haen the vibvalions ave known as tovsional yibva -
Hons: T s case, the shafd Ts Awisted and untwisted a(‘k‘—m&k{'a/q
fosional shear stresses ave induced n the shaft:

N atuval Frequency” 4 Fee Tovsional ~vibvadisns

Considey o shoft F nggligi‘ble mass whose
one end 15 fixed and the other end coxwga'ng/

L e T T

o disc os shown in Fiz—.

© - Angulay d?s?\accmcm'l: o:rr ‘he shmct :From mean |
position after Bme £+ n ~odians

M- Moss oF disc n ko

And
I - Mass momen + &F texHo aQC‘CLTSC' n k_gnmq’ .\w“gﬁl
/
L = mf — »
ogikioN
k- Radius .f jy—ro&%on | ke Lime t
9, — Tovstonal shffress oiF Ahe s'no.]c*(: n N-m
Rcs%m?ncb/ fovce =2 9.0 —sp
ACCC]CTOJ:‘?NCY :FD'YCC = I..K_dz_@ — @
d¢-
Eq,umbm?/ eq}m:[-’.on.s@ % @, +he gq}u\oc('im ‘,:F MO""lDr\ r's
d¢=
d4*e
= $+ 9.6 =0
= d¢" L4
4o -—9—/—- @=o0
T =g .,
The func!ame_n.[.a\ aq,mLTOG cfﬂ'\c s'lmFle_ haxmonic mol-\on 15
dl_‘.wx-o '—’_’9® d2_6_+u.91-@':'0

d8 d¢

M:\E
L
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Firstranke :n:hcr ce .
S ' I WWW. FlrstRanker com www.FirstRanker.com
I %

—t \ | —

|
NO."‘UJ\U.\ S;rtcv.l.ﬂﬂc,t?/ , ]Cn: --{-:;z on T

s <
T3 = T ST
=) . (L=

c-T Tovsional ot ffress -9,
2y

C— Modultq o'(: —ﬁg{c{:w ﬁ;{ +he slnanc{: ma.&:ri’o.‘

iol
P PO\CLY momgﬂ-lr O:FTT\Q'{"HO* a{'—Hqc_ Slfnjc"t ma.{;“{la

J = ;‘; dq d - d{amc-{{‘( .,‘_‘f" +he SHQ&

(- \.e_r\_.yH\ o'f +he Shc{F‘E-

@ B Shccﬂ,‘ ‘A: 100 mwm dfame'Jf.Y and A4 metve lonta/ has ont oaCH-s end FI"ICA
and fne O‘Hf\c'\’ eﬂcJ Cax¥YICS o\c]:s( :fr Mmass 500(&%’ ot a 'Yad’w, gc 5y-ro}1'on
£ usomm - The modulus ef’ngud 41?/ ot Hhe Shaf{ ma{}:nod is BOG.Nlm Detex-
¢ >

mine “the :Frcq}mnu{ o toesional vibvations

- 0.45™
L=1m, m=500ky, k= 4ysomm =

d = 100mm =0\ m ,
C = 80 GN[mZ = 8oxl10! N|m™
Polay moment £ tnevtio A dhe 5[,,0_{{_-, I = %%dli

—6 Y
:r:———(o;) - q+82%10 ™M

32
I Tovsional shiffness of the ohaft
T 20 %101%a-82 %10 _ 2956 XI6° N-™
- 1

(b =
Mass moement o{ ‘I"f‘ﬁ‘f‘{‘f& Q3C-H—a<: SHQ{'{L

:r_n_m\f: =~ S00 (ol{S) lol-25 kg-m"

£ Hors lonal vibvalions

!, Prequencys
. Ex (53
([T [ g
NS aqx VT T 24 10l- 25
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mgwﬁ‘k*rlmw{o”s’ °7Fw®w.%ff%?kan'k'@rl?€“6msys+‘“ﬁ/ww.FirstRanker.com
Sha‘ﬂ: 'affxccl o:[» one Cﬂd ar\c; CQWKT!’\%/
(0% 'To+oY ot +Hhe '_(—{cc c’_nd as shown 0 Frg"

S

N

Tre natuval %eq}xenc%/ a:(: 4orvstonal ibrtodion,
&5
0= 27N T = 3w\ LI

! No;le.

Wheve ¢ — modulus oF ~igidity fov shafl motivial
T _ Polax moment o e o 5 shaft = %dq
d — dlametey o shaft S0
[ — Leagth .§ shaft
M- Mosgs of ~otor

k. - ~odius o'.( .5‘6"70*'“0(\ o‘J: 'YO"‘OY
T — Mass mom&n—l c:F ?ﬂc‘(-ko .t§ -(a'!'o"/ =-ka

h
The Oﬂ‘fl"}uclc of vibyakion s Zevo o_—!— A and mMmaXiMmuwm CL‘L B, as Shown
in Fi?’ Tt s | be noted Aot Hhe PoTn*{: oy the cecHen 0£'H1¢ shaft whose

. Th -“nc{ wovds
C‘mplluc[e A 4orsional vibrakion s zevo, Vs known & :OAC o
t 107
ot e node , Hhe .stnc;f—{ ~emains uno\{a(‘tc-lrcd by dhe vibra:
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