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t YIS o 52ec S jal Gl gl D aapy -1
Longitudinal vibrations L <t i s —f
dgeall ady M g0 ) paa oladl b ey 0y (2enl) il of (5-12) JE2N oy

.the tensile and compressive stress Jaaall § A8 (salga) caas
Transverse vibrations 4aud & &/ 7 o ¥i—u

LeS Sgandl Jgb yme gl Ly dpgae 31580 38 a Ga il f 2genl ol a% Lotie
CAl il ety oady Wall oda g A jall <l ) 5aY0 @l cesy (5-1b)  JSAN,
.the bending stresses &Las¥l Clilgal cand il & S $3%3 Leo

Torsional vibrations 4l ¢/ & jf jib?l;z

LS a e Leie (AN algalW) 2l a0 3 gaally e @1 O (5-16) JS2D
Goa C oY B e deludl e aaslad) 3 A B oo deladl i olad i 4l 550
232l aa gl (g} il iy Sim A 5 C Cunsl (o ISy dagial g gl Sy B pua
Ay 5l ag jall

el Lls SIILSS
! ///l/[A !
‘ | !
! ! !
Il Shaft 3! i
l'"-!' - ” ‘I!l‘ “|. !
A Yt A !
it R |
el M \\ .
B "t' LJr I A RN !
r‘-i--'- A \,’ \'\::" i \'-’:7’ \\‘ H
c “opde N i L C )
i I—.—J -
i B}
B C
) (b) (¢)

B=Mean position
A and C = Extreme position

(5-1) Jsa
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0§ s 4 o o218 ;
Effect of the inertia of the shaft in longitudinal and Transverse vibrations

AN 'r\ T Longitudinal vibration skl 3i Yl :9_,1
) Ul 4 20 g s (L) s 2pee e (5-2) 520
i - A 055 0sSA w JskYl Saa gl gaall o a JAY) R B
A’f___l _____ A3y (dise) b aill Jad Gl b s 16 WemwL el
T Ok g ol oD o x Al e 3 3 panl s poaic Sy W
v MMJJ—U&HJ%M‘&S‘J&M ainl
(3-2) J5= 05—S5 ¢L_13 5 Longitudinal velocityds shll de jull 8 4(v) copadl
A0 ADUT i g poainll 4 LMe o
The velocity of the small element = —E.v ................. (5-1)

b eaiall 45 Y 4 (45,

1
The kinetic energy possessed by the element = -2—mv2

2 2.2
KE=L|¥& 5.v] = At (5-2)
2L g N1 2gl

.~. Total kinetic energy possessed by the shaft =
i

2 2737 2 3

W

“.Total (KE)= [T xdv= —— [1-] =2 .£-=1[—"]v2 (5-3)
o 28! 211 3§, 28" 3 2 3g

Total(KE)=-1— we v
o 2\3g
e Caing gkl 2330 o aad ilasd (AW a0 (g We canaalll )y 33 Laie ol
sl A
[ &

=1

2F\m+%

(R 1) ST 54
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T, Transverse vibration ‘&&MM
5ol ikl die Jaa @3 3 gand pagedall 3330 lagd-1
N :ARLY Ady ;41 -2
LI'_A17 ) oA t=ay i (L) b 2pee cuy (5-3) JSB
; b3 SI) Gl (e ey 4l sl e Sy

:(5_3) Jﬂ.‘.}l J,’Ly)e,_p)))):d’ ALIW up wc=1.|_/l.__,)¢-.u T TR ol

credt e sl g s, 0 Ll s

el e (x ) Adlsa e g Ax gl piae puaic Uia il 13 Transverse velocity(v) 3 seall

) 3x’-x’ . . ; .
Sl Sy v = Ty DAL eaial Ao g e ) (S Sand (a i

2L
AR e aiadl A3Us e

w

X

ALLLLLLHRLARRNY

2_ .3 7?
(K.E)ofelement=lw'm 3Lx 3 Xy
2 g 2L
L1 wad (3 -x*) T
Total of (K.E) of the shaft = J_z" . { I
2 L 2.5 6 7
< B florixt - 6Lx’ 4 x)ar = 2wt ZEE ST L 4
8gl° ; 8gl 5 6 7
33 W, , 1[33 w1,
Total of (K.E) = —.—£v? = —[ ==, 2% [v?........ 5-5
oK)= S0 g 2[140 g}v >5)
. ) . . T < A .
Hmuﬂmahaﬂog,wic.a,.nﬂu,umm‘-_,J,!IL.._.-,,L\L.

200 ADL i samg 3 gaal
14
Total (K.E) possessed by the shafi= %(-i%-;‘—]vz

o Jmall u.i_)_ul.\__'nd‘,u]‘ixﬁ‘:y%ﬁhh}gwayaﬂqﬂﬂJ,mmdc_&ﬁgdu'aou

J.-x“s.i_,U\__gWﬁ__)_,disc w}qﬁma,ﬂliﬁa,«ﬂwm»ﬂlum:ndm_,
:@T\Mu Jady thy‘ul-\:h_',,‘le)dJm Uoas W, J_,‘.AJ‘ OJ uu.\yl-“

rillaadle
4—-1‘.‘-Mwﬁ‘»ﬂu‘ldrﬂ‘@éﬁnwﬂ‘,&ﬂ1wﬁuﬁadﬂ1 ‘;,151.\1—‘
sl A
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G X T (5-7)

o8 Al ik e (e Gl Jel gale (e singe agendl (SN ik S -
AL 4 om gankall 2o il RE supported beam § g (o (J 5ASH

(CoPS) ecernrnrnerrieineireaasaeanns (5-8)

A JE2Y BaY-g

Moment(M) M
Fixed beam Cantlever beam
e J Ghae J S
wuli g
Fu
Fy
Simply supported bream
(5-3) Jsai
Cigal Ay jhay 41 jadt Gijhall die 38 5e Jaa 13 3ganl ekl 20 00 Saf ~2
7 s ' .
‘4 — W a—ainy B3 0380 Jege 3gae pua gy (5—4) JSaN
2 T A ey sm 391 Gy ik sal g ity
Mean position__t kx | x ‘W 4 )y aeen s
"';’“"""‘é"# HLITEN (K) .‘s_,u.“ pelwa Cul8 ‘.Jl.!
l """ k= stiffness of the shaft
, A= static deflation of the body
Position after time t m f_zx (X)) 2ganll SV o LadY
dt x=displacement of the body from the mean
(5-4) JS2u position at time t.

SESEIRE R 5 (RPN ER G,
The restoring force = 4l&l & galf =-kx
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iuya gl BN ) glal @l

mx=3 F,=-kx .mx+hkx=0 x+ K e O (5- 9)
m

H+oix=0 .-.w,,=,(."_ 4= 0 (2'.
m w, k
1 |k I’g
s E s 5-10
1. 2:rdm 27 VA ¢-10)

A:Eli:" .:."L.'!J‘_,A“ L_,LEA\JD Oy
3EI

ie

W= Load at the free end 3_all Algdl aie Jaall

L=Length of the shaft 2 gaall J4ha

E= Young’s modulus for the material shaft 3 gandl (y3aal 334 all Jalas
I= Moment of inertia of the shaft > genll AW ) palll 5 3¢

Akas 33a8 o By Jas Aall AN i AN ) FAS il 32 03

Natural frequency of free Transverse vibration due to a point load acting over a simply
supported shaft.

Ly

w

L,

e

i

Y.
T

L

‘." :'*'i.;j; 5

S il

¥

A

L

(5-5) Jseh

aic Juay L Alyh AB 2sand o (i is
(C) ik xie W Jaa s iady 4 5k
3 ganll gliad) Csgaa dind (5—5) JE2N Cpae LS
Sady o e ) ia) g 4l slad 5y S
ey ¢ W daad ae caulsy A o geall oliad]
— LS (s.h.m) Abpey 48 5 A8 jas 3 gand)
.(a helical spring) g1 3la (sads (IS

2N ADURY (pa gampall jadl 500 apdd 2 50 ey

1
f. = the natural frequency of the free Transverse vibration=-2—-J-§-
g

4.987

= [ | X PP (5-11)
Adtis Jleal ity JplSH e dibhiss g1 oY SO0 clad) o iy SN (5-1) Jgally
S.NO Type of beam Deflection (A) The effecting point
L at the free end JaJl i) uie
3E1




Se——— - ________ _ SR 2o —
S.NO Type of beam Deflection (A) The effecting point
4
= KL— (at the frec end)
8E1
272
= M’-’- (at the free end)
3EIL
A wi? (at the center)
- 48 E] 3 gardl Lhoaila Ui
4
= .—5_- wi (At the center)
384 EI
WL L,
A=—=>12 at the point load
3EIL ( pe ‘
3
= WL (at the center)
192E]
4
= —W—L— (at the center)
384 L/
—_— — —
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dis 3gas 5 el aliiia Jan Cpe &GN Jad) o all ) 5A30 Al 33504
Natural frequency of free Transverse vibration due to uniformly distributed load acting a simple
support shaft.

extreme position

vee - ««... Mean position
(static deflection curve)

7

o '/-
a R
."'—-_.‘_1._---"", \_
—

(S5-6) 2 L
O—e Baalliy J gha 023y JSI (w) uniformly distributed load a2 50! pliiie Jea 4dle AB 5 gaall

1 e (5-6) Jsab
Y= static deflection at the middle of the shaft 3 3ead) Ciialiia Aic US;:SLLM o LiasYy!

[— - - - --. extreme position

8= 3 gaad) Caialiia 2ic amplitude of vibration 3 _5a¥! aau

7

w=X = Uniformly distributed load per unit static deflection at the middle of the shaft
Y

3gandl Chualia 3o SouY) eliad) (e dany JD a5 40 kil Jaald
y o Arv adiadl Jab 09Ssg A S0y A b gal e x Alua oy ssie 3 pand phie o oe)
Al o2 die ) AV dan A 8 ¢ A Ge x Alas o S ladl

2N ADAal (e ey (eaiall) adaiall 13¢3 (W.D) Jgdaad Jaih -,

1 w.a, .a.Ax
W.D on this small section= —w, .q, . Av.a= l—~ﬂ——
2 2y

Gl 48 5 st—w at the extreme position pia 5a u.mi‘ die auny dilh ol i PP
ol LS g ga el das il piia g g S S 5ad (WD) gl

i
- (P.E),,. at the extreme position = I%-a—' ad........(5-12)

o< N
t0f ! (beam) ciall Salul cliadf) aie e Bliie 598y gandl iial e J82 o Jlacliy
a a ~
L =—=¢onst=¢c a=yc=4C Q. ... (5-13)
i ¥ u‘ ‘

1 gy (5712) b i pnillyy

1 i
1 1
~AP.E = [—weyedc=—=we? {vdx .o 5-14
( )I'I'Ia\’. 6[2 y 2 6[- ( )
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JiEaV n,5 8w Cia o Dl die ey dan giall ana gl die Ao pu il
.the circular frequency of vibration (5 sl

1 wdx 3 2" )
S (PE) g, = _[———( ) = gm ¢ _[y ax ... (5-15)

tqadnsall i e 3 n 4Bt (a6 sl Ja il g gl e piny 4Bl ] (Y

L . i
1
o’c? [yidx =—wc? |ydx

Natural frequency f, = 2.

27r—27r

L hiill (e x ddlaa 2ie ._,Su‘-'h-‘ﬂ LY é (a simply supported ) .\lm,a_,ull OsSs L —1
1A AL aie e A

y= (X = 2L FDPX) coceeeeeeeeee e (5-17)

w
24E]
Young's modulus for 3 gaall Saad aily Jolas E ¢ 3 gaall Jshall s2ay Jo Jaall oo w Cua
aie ebad a5 el ol Cya o gal daglia e ol 2T (Kay o the material of the shaft
ARG ey A (o ki) Aaiil e x 4dlud

I~ = 20 2@ +¢
1o ans Jalsally

wx' wlx?

Ely= - +cx+c,
2004 290

‘ 3
=‘Wx _ier FOX HCynnnnniininns (5-18)
24 12

2ot LS sllanall dag i P t_i_,_)mio.n‘.hdl.j.g‘ OSary JolS Sl A ¢ g0 G
atx=0,y=0 ..c,=0
wl’
24

atx=L,y=0, ..¢ =
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{4) Wl s 3y (5) Adkaadl Aoy e o Ly

NS PN XU WP IS~ P PEN A S ERSTEN
(young’s modulus) 3 geall 3aldd &ig yall mihy Jalas o2 E
..‘._,.u.“ g.lhjl _)_,...4]]1 ‘1_)9'

(5-1%)
U-‘l:-d.aa.n()dbb.d‘&l&uj

!
w 4 3, 73
-2ix’ +1
5 J(x X x)dx

w | x* 2Lx* DI’x*|,
2 + ’0

0

i

5 4 2

IR , ] h] ] ) 3 5
o [yav == L——y— Lo L _wl . (5-19)
; 24E] 4 2| 24EI'5 120E]
: 24 2
. 2 W 4 3 3
oyl = | — —2Lx* + Px)| dx
(;[y [2451] J[(x +)
w? [ x® aI}x7 I°x* 4alx® 4l’x* 2%,
arrrrrrl + - - + lo
ST6EI*| 9 7 3 8 5 6
w? 310
RS ol BRSO 5.20
5765312[630 (5-20)

(520 (5-19) oiblaalt (o JS A (516) Wslaall (4o f, A Gima gailly

1 wL’ 576E 1*(630)
120E] wix3ll

24E71  (630)
............................... 5-21
27: wl' 155 Iss &) s’
WD (e A, plisia] oS dlly,
4
i TSP 5-22)
1 5 630
Sf=— 12 X —
& 27:\/ {3841\_‘} 155 €
-, =itfg al g =981 cmlsec’ ......cccoovevrrennnes (5-23)
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gl plilia Jaa ciady 4 b ope Cule 3gand 3 el duds al il Gl S paadal) 80,305
Natural frequency of free transverse vibration of a shaft fixed at both ends carrying a
uniformly distributed load.

C w/unit length

(5-7) J—

JJLSL_,JS]W o_,lai.@_j_,il\ ?L.\.ld‘.. d.nag'_\afl_,‘\.,ﬁ_)launﬁ-I:MAB -)_,auji u‘_).\'.'u.l
A e s A il e x Alle iy, (SEGY eliaiYl

¥, (x" + Lx? -—2Lx’) ................................... (5-24)

T 24E]

L w .
Ay de=—— f o Pxr-2Ix°
,,Iy <= Ak (x*+ L' Ji
w [x’ *x 21.:“]
+ —

i
wl’

= 720E]

0

T24EI| 5 3 4

( 5-24) e glitn) S,
A ciphl e x Al o Akl sie M, clai¥ e o jlael
d'y _wl' wxe' wlx

M, = EIZ2
12 2 2

fle Jeand JalSally

2 3 2

Elgl:wL ‘t wx3 _wix e,
& 127 @) (20

.Cy = Q‘.\aﬁd“d.g_, %:0 (_,\.ix=0 Ln.h:_,dn\Sﬂl ol < [LITEN

wil? N wx’ _ wilLx?
12 6 4

rs a3 e JalSilly

E)

wllx?  wx'  wl [x3 ]
= + c,
(12)2) (6)4) 4
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wl’x?  wx*  wlx’

- F 0y

-+
24 24 12

¢, =0 s Wiy, y=0 M x=0 Lexie o aasy Jal<al b b oy &

o Ely= %[sz2 +x* —2Lx3]

2;1_] (x" + %% - 2Lx3)

o [ yia [2451]2 [ 6t + 2227~ 200 f ax

SLy=sy =

2
=[_"l._] [(x’ + L% +4100x% +21%x% —4Lx7 —2L3x9)dx

24E]

) ( w ]’Fx_*’ JUx 6% B 20x J"

24E1} | 2 5 7 8 6

L 0
w Y[
- (2451] _83_0}
g de wL* Y (24 EI) x 630
f Jiax C\T20El wil
= 50:513 .................................................. (5-27)
o= % =3.573 fﬁ‘f ......................................... (5-28)
. I
Y= 38:5'}' .................................................... (5-29)
f, = 43; 17 where g=98lcm/sec’........c.oiviiiiiiiiiiiin
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Lg—Sa JS S5l g Jual) (4 230 Cial £ gulaga gand Biad) Dyl 5 a0 aal 22 -6

Natural frequency of free wansverse vibration for a shafi subject to a number of point loads Abd; U’

“’ w W W £ 3oy 0350 Jage AB el o e
l I L f o i JS 5 0y Jea¥ (e 2ae Zias
' , B2l slad oty (5-8) JSa 3 LS adais
Yi : 1 yday c;‘-—‘?'u‘
Energy method or .‘_)Lﬁ_, Al ALY AG
(>-8) Jo .(Rayleigh’s method)
-Dunkerley’s method J S50 43 )L-Z

LS il e W, Wo, Wi, W, Jlaayt 00 caas JSI cladV1 8 3y, 3,05, 5, OF i

1 1 1 1
(P E)max = 5 H/lyl +—2—W2y2 +5W3y3 i PR = EZWy .....
AUl AL Lo jaay A8 ja all y
W.
(KE), =W ( ) +_ AP  SCT IS
2 g 2 g
2 2
o o
=—(W,y,2 + Wyl + Wyl +.... )= —> W’
g 2g
.circular frequency of vibration _}U'AASU ol 2 A @ Cus
sl g ASm Al el (5 gl puny el (o i il Al ) A8 44 5k
(P.E),,, =(KE),.
ot = g2 Wy
LWy
W
= gz 4 (5-31)
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Dunkerley’s method (3 553 4k, b :Li0
Fmash (s 230 5 550 alitie Jan 3 g gain gall 3 geall umyall 35U apadallas

Akl 3 e S S

Jd . A, L

FARE AR A A I
G 20 5 a5 5 aliia Jas Cind g guingall Jganll i sall 50 kel 330 oA f, Cus
oo ) 58 a3 5l & f S, LS e Sy Ak Lhe JS S5al Jeayl
i g sl pliie Jasll aa el 15800 gl 33530 a0l dea Lo A JS)
gand 054
w/unit length
A B
(5-9) Jsa

eliad¥l a A« W W, W, Sl dagis (S5 slial) & ALA,, Aete o il

gaall s o gy altie Jaad das Sl
AN, ey Wy J oY) pliiial Jeall Aafis g sall ) 50 gagdall 2o il S
4.987 _ 4.987 _4.987

Jo, == ...cps, f, === ..cps,. [, =—F—
A, Jb, JA,
Syandl ¢33 o g ol Gaall Aais pasall a0 candall 2o S 5K ey
Lo X O U P OPPORN (5-33)

c.p.s

5.623

f:
n\

ekl 2y 5 ) sad - Sas 4l Dunkerley’s empirical formula IS Al i ails ity
(3D ADL A il

f"2 fn? fnzl f:: """ fn2
1
(4.987) [A, +A,+8,+......... +A,]
f,, ) 208 = c.p.s
\/A] +A2 + A1 b SO 172“7_
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seiliad

-

4.987

A= Static deflection due to load W )5 sV daii Sl ¢ Laoi)
L, and L,= distance of load from the two ends 43 b (e JS e Jaall 2a;
E= Young’s modulus for the material of the shaft 3 gasdl 82lal zily Jabas
=Area moment of inertia o the shaft 33eall A ) saill 5 5
L= Total length of the shaft = Li+L; 3gaall JSH J okl
10e Oaxy (T) siad (Mo e -3
T= J'TG.G ..................................................... (5-35)
J= Polar moment of inertia of the shaft cross-section
s
syl plidd il kilialad o 56 J="32
G=Modulus of rigidity for the shaft material 3 seall 33l 5:00Uall Jatas o tas
T= g3l M ade, =Gl oV 44 j L= dgenll Jsb, D= 2ganll kb

(1)-A shafi 12 cm diameter and 140 cm long has one of its end fixed and the other end carries a
disc of weight 600Kg. The young’s modulus for the material of the shafl is 2x10%kg /cm’ .
Determine the frequency of longitudinal.

a3y o J—any AN Cilall g 4k aal e Cafie 140 cm 4l yhag 12 cm ok 3 gac -1
sl 205 3 ool 2x10%kg/cm? (the young’s modulus) 4 s el Jelas 4S8 13 600Kg
Transverse vibration gz ! 7% 4 the longitudinal vibration S sh Sl

dadl

"+ d =14cm yl=the moment of inertia=—;£d4

cA=Z@=Z2f =36z em? , 1=24d" =Z (12} =1017.36 cnr’
4" 3 47 4
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(i)-Frequency of longitudinal vibration skl 3 53 gaylall 23 3

: -1 8 cps . g=98lcm/sec’.. f, = /981 _ 4.987
2z VA 27A VA
Wi A 600x140 4987

YU L = 0.00037¢
AE 36702%10°) e S 0005

(ii)}-Frequency of transverse vibration (g sall 1 5a5 bl 2
WL 600(140) 4.981
3E1 3(2x10°1017.36)

~0.27

-0.27cm |, f, =——=— =9.5¢cycle/sec

(2)-A shafi 6 cm diameter and 3.5 meters long is simply supported at the ends and carries three
weights 120kg, 170kg. 90kg at 1m, 1.8m, and 2.8m from the lefi support. The young’s modulus

for shaft material is 2x10°kg /m” . Find the frequency of transverse vibration.

120kg, 170kg, 90kg (568 S adde Janay 4l dic sis Sm Al shg < 6 cm o ki 3 gac ~]
3 gmandl Bl &5 5 el Jalae « peu¥) disall e @iy i ) Jelm, 1.8m 2.8 m Adlus e
v a0 2 aa f 2% 100 kg / m?

** d = 6cm 5 l=Area moment of inertia of the shafi = % d*

= %(6)1 = 63.6cm’

120kg 170kg 90kg

F—— 1.8m —— 1.7m —»

f— 2.8m 0.7m
- 35m —*
(5-10) Js—
_w
“* I = 3.5m, A=The static deflection due to point loadof ©* — 3Ell

Where /, =1.2m = 120cm
L =1-1 =350-100 = 250cm
Static deflection due to 120kg=A, 120(1 OO) (250)
" 32x10°J63.6)350)
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170(180)’ (170)°

A, = Static deflection due to 170kg= iz 1 OTX63.6X350) =1.2cm
A, = Static deflection due to 90kg= 90(280)2 (70) i =026cm
3{2x10° }63.6X350)
Frequency of transverse vibration= f, = —4—987—-—— with usual notations.
4,987 _4.987

=3.51cycle /sec

4 J0.56+12+026 1.42
(3)-A shaft 16cm diameter is supported in two bearings 320cm apart. It carries three discs of
weight 280kg, 450kg, and 250kg at 80cm, 180cm and 220cm from the left hand. Assuming the
shaft to weight 2kg/cm length, determine the critical speed of the shaft. Young’s modulus for

the material of the shaft is 2.1x10°kg /cm®.

300cm Blue e (two bearings) J—end Gars S o 4dsh (e Nie 18cm o i 35003

cn220.cm180:80cm A8lus oy kg250:kgd50 « 280kg i 5 o pgi )y (el 8 AN Janyy

el o a gl Jsdesan y O8I 2kglem el (5 o Gl L e Cilad e i e
2.1x10%g /em? 3 gaadl Gnad g el Jalea o ple 13 3 gaall 2oyl

5 5
280 450 250 wd = 16cm
~I=Za* = Z(16)" =3215.4cm"
B 64 64
4_,| w1 =3200m = 3502} J 3k
ﬁ;_g_o_._ soweight of the disc at 80cm from
_ 220 R (B)=W, = 280kg .
320 —>| weight of the disc at 180cm from
(B)=W, =450kg .
_ . weight of the disc at 220cm from
G-1h Jo (B)=W, = 250kg .
Weight of the shaft w=2kg/cm length, £ = 2.1x10°kg/cm
M2]2
The static deflection d ight W =A=—121
¢ static deflection due to a weigh SEIL
2 2
- A, due 10 280kg = 280580) (240) =0.017cm
3(2x10°}3215.4)(320)
Where /| = 80cm,!l, = 240cm
2 2
A,dueto 450kg = 450(: 80) (] 40) =0.046cm
3(2x10° [3215.4)320)
2 2
A, due to 250kg = 250(320) (100) =0.0196cm
’ 3(2x10° [3215.4)320)
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A, uniformly distributed load @235 kit Jeall dais (SAGLYT Gl it of aas Lad
5 w5 2(320)°

" 348 EI 458 2x10°x3215.4

N, =The critical speed in r.p.m= f,(60) DIl (o 2gaell i jall Ao jualt (psas

Where f_ =Natural frequency of the transverse in rev./sec

=0.047cm

s = 4987 with usual notations
A
A +A, +A +
\/ S Y
o f, = 987 == (;4:3948578 =14.42rev/sec
\/;01 7+0.046+0.0196 + 01(.)24_’_ |

N, = .(60)=14.42(60) = 865r.p.m

{50 sancy 4 g1 <l ) Torsional Vibration (08 o381 31 584 UG
3o 40 s <t 3 5aSU el sa 50 alag) -1

Naturat frequency of free torsionat vibrations
N\
NN (5m12) S LS (o g0ad b il G i 30 3) g o 1

st gy 4l (0) s s g 3

The restoring torque ol ""u 'I £ s cels P st
d'l_"w.‘ Aic ¢ the restoring torque
— Mean postion i T alh o el ety e il
Jo sty S5 aall 233 4K
o— poe Vg by od ) e
S e Jars (=58 ) ola
(5-12) Jen A adi ysall blaih aay die e il

o AelS Al W3Sl Ailal Jgas

ol S o gad sladYl b aliaay el (b (g gbe el W e oladl (4805 a5l
otle i oy ey

T qg Position afier time (1)

1=gelo sl W oe g0 =0 (M o
w16 =8 L 10+4q0=0 |
é+%9= AT (5-36)

-239 -



where @, = \/E , = @
I 2z

Spanll el IV Qul_ma 4f = E/—Rz ~Mass moment of inertia o il S gadll o e
_ g :

g=Torsional stiffness of the shaft

A ey 5ill AS yall L8 Chuai , @=Angular displacement of the shaft 3 yaall 439 38 dal 1

R, =Radius of gyration

Al A e q dlad oSay

WT_C6 T_dJ_ o LE_md'E
) g~ 1 4 > 9T T

T CJ ud'E
g = L e, 5.37
1%~ "1 5-37)

J= Polar moment of inertia of the shaft cross-section
L=Length of the shaft

E or C=Modulus of rigidity for the shaft material sanll 32l 5gluall Jotas

rollaadls
LN o AsitT Gy 1 U PN gl 06 01050 D 0 phaly dlacell pBiiiadl yo bl Alla -1
4
1=WD ..................................................... (5-38)
8g

wo Al k8 D a5y W Sya
.f=wn=_!_\/§_=_1_(ﬂ
T2 22V1 0 22N awD?
e il S D ¢ 2geadl el d Cya
A M e il car gy Fod L widly Loy Laptsh cutia o 5T Apatd 1S 131
=t YDA o gt Sy gl Spkiy § A gl

2M d!
o= —’[L +L —‘] ......................................... (5-39)
diE|T T d}
d4
L=1+1, d—l" ................................................... (5-40)

oo i Uill ypanlt A0 Jales 4 ki gt g ABTYS ddlise gl jaf 556 (a gD S panh S 1 —¢
BT (o gad o s Sy T oy Le fgb s sputiainy

L = L"E‘_

”

JI LS il o ol 550 O 40 s gl Alla A el (3 el oSy
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a m b ; 1w (5-13) Josal
- - > :
; | )
i 2
i | ,,ﬂz,’l_\ﬁ= fiz_
% 9, I, Vaq q,
i
) ' m Ot gl Gme JS () ZDdlas Lat g1,q, S
L JJA.I.“
(5—13)J$'ﬂ‘ £=£,L=a+b
b I
- Ll b= Li, ’

1 +1, ’ 1 +1,

ff e (WEGAL) G40y
" 2r\ 32L4, ‘

k, =k, +k,

6 =48,,.,=total deflection of the desk

9,=0,+9,,'.‘9=I-
k,
g T T_T
(5-14 2) jscu ok, k&,
1 1
_..:._+_
k‘rq k'l f
k, .k,
k, - 1 2
“ k, +k,

k, = Equivalent spring coefficient
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(4) A shaft of 12cm diameter and 120cm long has one of its end fixed and the other carries a
disc if weight 580kg at a radius of gyration of 50cm. The modulus of rigidity for the shaft

material is 0.8 x10° Kg / cm? . Determine the frequency of torsional vibration.
580 435 a8 Jaay SAY) Capkll g 4 sb sl e abie 20120 Alghy pul2 o ki 3 gec—4
0.8x10° 35—aall Balad e lwuall Jolaa (2u50 Liprgail A€ jall il Caaiie 2ic ol ja sl
v Y 550 el o i aa b el a 1S
d=att

*» J = Polar moment of inertia of the shaft.

J=Zg*=Z(12*)= 2034.7cm*
320 32

1=2 R =2%050) < 1478Kgemsed?
g 0
CJ_ 0.8>-<106 20347
Torsional stiffness = § = —— ( ) =13.6x1 OﬁKg/.cm

/

- f, =Fregency of torsional vnbratln——‘j’ 13. 6 =15.3Cycle/ Sec
27V 1478

A0 ) AT e g panll XN [ geall pie yili -2

Effect of inertia of a constraint on torsional vibations

ANNNNNN

‘ ) f aal Ge Oyl gl 3 gae pai g (5-15) JSA
Y gy (B 4 Cafia 3 gaall JAVH il y b
7 —_Tgx g s il 5 Cudill Adali G kel 2 ganlly couy
A iy Ml O Uy dx _)...m.ll Q_':E\I'I J_,..ai.“ ‘a_')C- .t

_T' w Y Mass moment of inertia of the element=

; Wik gy _ i Wik, _ &
(5__15) L}S..‘.Jl e‘emem‘ g 1 g l <

AT ADAN (e (ad _ealially 4535 48 jall Adlh
2
ox w
(K.E) possessed by the elemenr— 5 '1— x ] —1— X

2.2
(K.E) l.o'x

element = 3
2]

ool LS AN A all BN s (S Jelsllyy

&
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2
I .w 5

{
. [
Total kinetic energy of the constraint= _[ Y -X
0

1./ ff_i[g)mz a3
=5 |3 |3 e (5-43)

/

w X
!

@ o Y 0 W0 dgeall S il H‘;—.%‘;a,‘ﬂi Jsb L eJshlsaa g 5yl w
ad Gkl Al ac

= el Ay 30 Al ¢ ey S AS AN SR i g R i

. W
Ie=Total mass moment of inertia of constraint= — R f

g
il 35 e B[’T}oz} sgenll (o ) A gl pe Adlan) (S 4l L
:UJM1BJFJ=LM¢|*+H| 2l UJSgcﬂhSJ(l) ua_)i.qu.'ln

S, =— 7 cycle/SeC ...t (5-44)
I+-=
3
daly Jgd <l daghiial 5 adt 4un @) o) i —3
Free torsional vibration of a single rotor system
oa DAY Gl y g b aal e Culie 3gae s
o3¢l (bl 2 il 5 (carrying a rotor) 33 Jeay s
AL aie ey (5716) JSAIL Aanadl A gl

1 jg 1 |CJ
=2 =— |=—...(5-45
Z 2z N1 2z V1] ( )
Sy
_C‘] ,_W 2
(5-16) s == > ]—?R“

C= Modulus of rigidity for the shaft material. 3 sesll 32lal yalll Jals
md* - W

J=Polar moment of inertia of the shaft= 3 3panll ibaill | gaaill o5

dgaall Jgha L ¢« d=diameter of shaft 3geadl ks

I=Mass moment of inertia of the rotor ji jall SN ; paill 25

R, =Radius of gyration 4ze) 3} S ;) kb Cauai
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W=weight of rotor _f salt (533
iy ( 5-16) 830 (e L& B i (Katle 38l (385 ¢ A Do jhes (o lud A of B3l
YL ageadl Y Al o3a Ny pakelly el B glose Zad ladie (5S5 A Al
@ Q o oh Ga S N )0 Janag aged ) 55 4
L

Free torsional vibration of a two rotor system

-

J5a G ayy o5-17) JSdll A spdl A o gl
O d) st 3B A gyl Losie L gy

M t_..:_)__i:- a\a..ﬁ‘&.bujA _)‘J..ﬂl _)‘J |Jl$ s(w.\LalA) u:\bu.'l.a
”20 il i Aelll e olad i 5su B sy el

O sl o e aBy 4 ld (amaa e Sall g) Adaall

. the) s dall o e SO 3 el p ]
(5-17) g . N 4haiill xie &% (node
D5 Leia JS Janyy Laghiles tie (fidialagia JS 5 PNy NQUresd ] pusily 3gandl of (im i I
AW e B sy A Llsall Y 3 a0 papdall o0 slad (Rany oo pad e die

1 CJ
Jo,=50=
2r VL,
7, L I L A A 4 (5-46)
v 2r L,
Sy Sy f, =7, o Waade ae
1 |v 1 d
2z \Ll, 2x\L,i,
oL, =L,,
vy =I"L" ........................................................... (5-47)
]A

fn,,sf.,d Jh:‘ius";""‘thJ L,; t)‘“ds-l;ﬂﬁ:‘;“, L=LA+LB Jjaa.“ d_,.LC_:._;:.

I,,1,=Mass moment of inertia of rotor A and B

d=Diameter of the shaft
J= Polar moment of ineria of the shaft
C=Modulusofrigidity for the shaft material
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o33 pluac] SO bl Aaghiial 5 el A0 X <Al —<

Free torsional vibration of a three rotor system

= ~ B N 2y—ac & { 5-18a) JSANL Adnall 4a plaial
Q A Q C QJ-—\;L(A,B,C) qAJbJ\_’JaL.hc‘:l:lj:ld,ﬂ.c-

saaly 3aic Lef Let g iy yhay 350V 3 550

Ol gl allall DS iy o iie f

e ST - RS PO PN PIEL YU pYee

o Loaed 13 o a3 ity SAiad olast

— s A shiall 035 C sy A gl

f I ol aWl i sy B 5 Leiy coladV) i
a‘l

Ll

o sk dua Ny, N, S o oosiadl of (msisy
Os—Sy iy Ny N, ikl 0l die Dyia 3 gadd)
A J o altala A el pagdl o
AR e

1 1 1
p S e b | e 549
T, 2r IBfL,-—LA LZ—L(] 3
1 cJ
e = o e et s 5-50
S = L, G20
(L,-L,. ) onndls B ) 53U (the resisting torque) p gliall o 5adl Ala 8 ia goi Casa

D (torsional stiffness) e} si¥) 3L o3 &l ¢ N and N, oialt o (L -L,)s

CJ:(L, _]LA]=(L.—LA)
CJ[ ]L ]=(L:-Lc) S ol 5 5ol LS,

2 (8

AN ADY e oamy (B) sl S o1 V) Sl

.. Total torsional stiffness of the rator B=CJ ! + ]
L-L, L, -L,.
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I3 IS (B s slude OsSpm ganhll 2 Al (Y1l

Jor =10, = 1
1) 333 (5-50) ¢ (5-48) oabledd Gay
Li,=L:,
L.d
L= (1,.( ....................................................... (5-51)

€ (5-51) Aidiladdl 3 L, %l oo mpailly
Oa IS e s s a8 iy L olad oSay
iy L, Sed oISl L5 L,
AWy oioiall gaiage Ghaad L. lgd 5 bLial
e J—S e Gyl salay ey 03 s
(5-50) « (5-48) gablaad 3 L. « L,

. 1elBada
. ‘ R
o n\g‘quJAogJ‘Jﬂ\L'}n‘_ls')ﬁm']

b g ol aa sl a9 G C islly aaly
LS 2 albgbaie die Cuay A Y ma
L)L, O3—So Allal) o3a i, (5-19b) JSAlL
(C) Jsat s (B) S o adtsaiall of ]

glaill aiall 2a aadY g1

Actual node

(b) ¢

aalyoladl (B 5 C ol sy Levie -2
Fpa¥ ol @ olaedad 4 5 A el
(C) Sl LS saal y boie aie daay )
el of gle LI, oS alali o iy
Aagl —daxi¥ Ky B Jsllg A tsall O

©) kel 4leil
(5-19 a,b,c) e

Actual node
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ij)\.-.\i_,.ad._’.B J|_’Jj|a.wu}5135}aAJ‘_,ﬁJ1_fﬂw"¢wdﬁm"1

a, = I (@), (5-53)
1D 56 C sl e SIS,
L.
A= —=—(a,) oo 5-54
By ) (5-54)
a, =Amplitude of rotor A Zua
Torsionally equivalent shaft #) iU £ Al 3 gandl —6

Sg—aall L8 ol IV (Ailisn P ghly Aibas JUdl i (5% saee Y pline of Agdeall Bl 8 205
bl o Bl 5 gandl 350 13gd5 canl g Jphay b o3 Al 5 gany Al S ARV il
S 5—any ddiad Kay 3 ganll 13 ¢ (5-208) JSATG WS s Al Je L1, L by d,,4,.d,
AN W A5 e i el Sy (5-20b) JSAL WS L aaly Jshy d asly shE iy al
L Ay ol ot caaladl A 4 h ie T oo aie } aie 0 IS le Gl Letie

v T V) DN, e
CP T O 0=0+60,+6,............... (5-55)
l 3 . TL Tl TL +TL
d, d, d, ”CJ aJ, CJ aJ,
| L 4L L L
J J, 0 J,
d) (5 L L L L
L L L =——t——4—
le ole ole N g0 g T e
! ! i 32 32 327 3277
(a)
Ty ,-._5-=£ L, L cerrennn{5-56)

3 gead) (AST bl ga g haill of (a $ pe
d=d, @ d oS53l JLEY a6l

CB 3p—andl Jb of iy (5-56) Astadll i g gailly g

(b) Al Altaally LS ; SIS

O

(5-20 a,b) IS
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4 4
d
nL=1, +L2[j—‘} +L,[j] veeed(5-57)
2 3

I
Lo

-

i Jo Ly, Ly, Ly Skl ageadl U 2 d),d,.d,
cos A e L, L, L SN a0 4 6,,6,,0,
Al Mgy a8

w i Je d,,dy,dy e sie il el 03e A J, 0,00

5- Two rotors A and B are attached to the end of the shaft 70cm long the weight of the rotor A is
450Kg and its radius of gyration is 44cm. The corresponding values of rotor B are 580K g and
56cm respectively. The shaft is 6cm diameter for the first 26cm, 12cm for next 20cm and 8cm

for the remaining length. Modulus of rigidity for the shaft material is 0.8x10° Kg /cm” find:

(1)-The position of the node.

(ii)-he frequency of the torsional vibration.

b i .ai 450Kg A Sl W 539y . 70cm Agh dges B ks cubiais Be A Sl gl -5
a3 a0y 0l A8 jal jhd Ciualy 580Kg 43 B sy R, = 44cm 4 dggy sl S a
Ja—mdall A 120m s pkaly «26cm J bl JHS 6cm 3gaad Hhad i A Je R, = 56cm
C=0.8x10°Kg/cm® 35—aall seluad) Jolea (S 13 03 gaadl J gk 25d 8cm ok y 20cm

() a

:.::_._,1
b O baiall auia go (1)
c s P 5l apkall 20 3 (2)
y
d

3 "W, =450Kg, R, = 44cm
W, =580Kg, R, =56cm
L O C=08x10°Kg/cm’

4

l w1, =—2R. = ;—2—?(44)2 = 888Kg.cm.sec’

W
B O I, ='—BR.§;: =Z—§$(56)2 =1854.1Kg.cm.sec’

d, =6cm , L, =26cm ., =12em, L, = 20cm

(b)

d,=8cm,L, =24cm
O Goathall sy = adll 3 gandl g g (5-212)JS00
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il Al A ey eadlly d =4 o e

4 4
d

L=1, +L,(g‘—] + L{ELJ
2 3

L [, 0, c35—aall [ S Johall o L Sy
L 4 4
A Ly L=26+ 20[3J +24[9] =~ 34.84cm
(c] 12 8

(5-212,b,0) <2 AL LS N sie a5l of (in s 1o3ia) g ya e
A S e il a0 L, 5488 (5-21 ¢)

: B PRURCUSTEN RV
“L,.J, = Ly, with usual notation
_Lyd, 1854.1
1, 888
wL,+L,=L=34.84
2L, +L,=43.84 - L, =1124cm

L, =2.1L,

LA=]—LR=23“6cm A el e 1124 cm :\.ihuu.‘cc.'ﬁiﬁ
sed and AV 51 5aS agdall o a0 alagy
j;' =j;'.: =j;'ﬁ

o.suo‘{f—](é)"
N iy KU o 32
Ut 2zYL,d, 2mY 23.6x888

6- A steel shaft ABCD 1.8m long has flywheels at its end A and D the weight of the flywheel A
is 640K g and has a radius of gyration of 0.7m, The weight of the flywheel D is 860K g and has a
radius of gyration of 0.95m. The connecting shafl has a diameter of 60mm for portion AB which
is 0.5m long and has a diameter of 65mm for the portion BC which is 0.6m long, and has a
diameter of d mm for the portion CD which is 0.7m long. Determine:

(2)-The diameter (d) of the portion CD so that the node of the torsional vibration of the system

will be at the center of the length BC, and
(b)-The natural frequency of the torsional vibrations, the modulus of rigidity for the shaft

material is 80GN / m’

a—aS 640 A Ailaall 55 DA il Je (il 45 1.8m 4l yh ABCD lall (e 2508 ~6
Gy g3l A8 jall i Chiaig paf 860 D Adlaadl (5. e 0.75 Led Ly 30l AS I i Ciaiy
b—J gk y a5 Lo b8 BC diaylly 5 0.5 Ledghag asb0 o kol AB 2 ganll ey ¢ jia 0.95 1]

=11 ¢ps
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taa gl e 0.7 Ldshy aa{d) W _ykd CD 2gand) Aliay jie 0.6
BC Al gl Cacalia g (5555 o g Ao ghatall pain jall ) 5500 338ad) Caa CD Alia ol (d) il
.C-_—son‘y_1 3and 5Ll Beluasdl Jalna o Jlie) ga = puimyadl 53S0 apdall 20 -

O & QD gl

[ L=18mW,=640Kg,R_=0.7m
a <pomm | | d=o W, =860Kg,R, =0.95m
T } : ! © d,y=60mmL,,=05m
dy-=65mm L. =0.6m,d.,?
Lﬁ;r L e L, U BC HC cD
D L, =07m
A W 640
O CP AT —;’- R} = E-E(O.'Iﬂ')2 =31.97Kg.m.sec’
= I, = Wy g2 360 (0.95) =79.12Kg.m.sec?

| d=d =60cm g * 98I
L =L, =05mL, =Ly =0.6mL, =L, =0Tm

Syaadl bl (g (L) 2 ganll (AS Jabll of iy
.d, = 60mm 7, iSa

4
d

L=L+ Lz[ﬂ] + L,[—']
dl d]

4 4
S L=05+ 0.6{2(2} + 0.7(99}
65

d
907.2x10* _
aLLApE

L

y L,
(5-22) Js S~ L=05+044+ (1)

Adlue Lo ol 4SSN Aokl N 3300} of Gasiny 3gaadt 3o CD Ahiasl (d) Lol (il
D Adaall e L) ddlas e g (A) A8laadl e L,

4
0.94 + m o

Ly =Ly,
97
L, =L|la|=1, [3—19—] = 0.404L,
1, 79.12

v ¥l 3 geall LoV Aaphaiall L4 BC skl chuaile 8 ol sl o6 13g]

- 250 -



ay ¢
Sl =1 +ﬁ[-—J =o.5+°7'6[%J =0.718 m=71.8 cm

2

07.2(10)*
oL, =0404L, = 7i.8(0.404) =29 cm.....(2) .. L =094+ gd—f) =1m

907.2(10)* 7.2(10)*
_.zfli —006 ~d=t ’&?_‘l‘l)_ —110.9mm
d 0.06

J
-~ J, = Natural frequency of torsional vibrations = RENRS =
27\ L1,

9y 7 4
N (80)(10 )|:32 (0.06) :l .
= - - = . Z
2x 0.718(31.97)

7- A Single cylinder oil engine drives directly a centrifugal pump. The rotating mass of the
engine, flywheel and the pump with the shafl is equivalent to three rotor system as shown in

fig(5-33) where d =8cm,L,, =180cm,L,. =120cm. The mass moment of inertia of the
rotors A,B and C are 1200,2800 and 700Kg.cm2. Find the natural frequency of the torsional
vibration. The modulus of rigidity for the shaft material is 0.84x10°Kg/cm®.

Somaddl oy Jpr o ol ABS 5 4y 8 jo a5 p8le s A shanll 3 sie Jg s ol o =7
pime (522 I e LeS il ) g3 O 3 da gliia 1,35 3 pand an Aiiaall y ddlaadl
230 aa 4} i @) e 2pu. a2S 700,2800,1200 & A,B, and C il 5l YST I ) sl

ZpnfpaS 0.84x10° capalll 33 delundl Jalae Cua . YD 3 5030 eyl

1200

w1, =——=122Kg.cm.sec’
(P B c 981
O A O N % = 2.85Kg.cm.sec’
. I. = 700 _ 0.714Kg cm.sec?
[ d=8cm 981
" d = diameter of the shafi=8cm
O O Ly =L,180cm,L, =L, =120cm
O Nyl il 8 L) o Badl Cua
f sy N, aiell (o ddlial) L. A Jl
. J 3 O - A sl
( 5’23) pl 2 ‘;A C
.C
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1 1 1
"L((0.714)_285[180—059L +120—L(,:|
285 120~ L, +180-0.59L,
“T.(0.71a) (180- 059Lr)(120 L)

3.99 300-1.59L,.
L. 05917 -2508L.+21600

o L2 -329L. 421874 =0

(5-23) ‘}i-ﬂ‘ o L(' = 236‘50"1, L(' = 92.5(,‘m
L, =059L.

atL. =236.5cm— L, =139.54cm
L. =92.5¢cm— L, =54.6cmat

g LS iiinll asia ge uia gy 13ay L, = 54.6cm A L. =92.5cm (35S Ladie il i
Baiall o Jaaylaay L, =139.5cm ol L, =236.5cm Laxie Lad Jaadliy ( 5-23 b) JS.20
fr el 25 B Sl ol (K45.(5-23 ) JSAL WS L, =139.5cm day e 585 bua )
tk LS gl 3 el
At L, =139.5cm

(084x10° (s)]

I _'23? L 1 ~3r (1395)(1 22)
at L, = 54.6cm
0.84x10°] Z s“]

(084 {32()

27 54.6(1.22)

= 224.3Cycle / sec

= 358.5¢cycle/sec

f;'=

8- Determine the frequency of torsional vibration of a shafi with two circular discs of uniform
thickness at the ends in the system as shown in Fig(5-13), if the weights of the discs are
W, =800lb and W, =1600lb and their outer diameter are D, =40in.ar D, =75in

respectively. The length of the shaftis L = 100in and its diameter d = 5in Modulus in shear
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G =12x10Ibpersq.in .
€ gy e b (B (e 4 S 3gand 351 150 el 3 5 a o -8
3 D, =40in,D, = 40in  Las Sgea @ e JSI o AN il g o550 o<1 L (5-13) Jsan,
S g d =5in o kiy L=100/b 25 aall Jy— oy W, = 800/b,W, = 16001b
.E=12x10°1b/in
Jal

_ LI, 1, =W,.D} =(800)40)
L+1," 1, =w,.D? = (1600)60)°

___100(800)40)’
800(40)° + (1600)60)*

4 6
7 ngdf 7(386)(5)".12x10 = 32.46¢ycles [ sec
T on aw,.Dl.a \4(1600X60) (1818)

9- Determine the period horizontal vibration of the frame, shown in Fig(5-24), supporting a load
W applied at the center. The mass of the frame should be neglected in this calculation.

ol W das g ag i (5-24) JSER conad ISsell Y1 ) 530 (50l e W a9
WJSel Jlaa) & JSel) Caalie

A e

Lj_?% cand o5 2y Sl Y Al A, ;,,;

=18.18in

) e g o liadWt Saalyy F 41 5 400 8

A
FT
A w i 5 3541 g ISl elacy Joially 220

]
/
% ,’ et 23— gintt sV 5 AB gumall elai¥) Jaid
’& U‘J_,.\_Iad.ij_)]'[ ]‘ng.uds_)hur_,_)a.“

(24 4 AR o (gt 4, B CDla gl
_FhL
T12E1
S Dy s gy Sy gD plia) Ao Leaal G 5a (e 0S8 LYY e LadY)

a L n A B

Fn Fh L _Fn LI
A\'.l = ]+
6E.] 12151 " 6El 2hi
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6E]

1+ A
201,

' LI
14+=-1
. 27 wh’ W [ " on ']
Tf'=t5JJ"n B =5—=27r T=2ﬂ 6gEl

-u.a-asmscﬁqz% b Al B Bolunaty 20k s 008 JSED G0 (AR gl Brlucy i3S 1Y
1 .

. k = The spring constant =

D=

k]

6gEl]

ST, =2 sec

10- For the system shown in Fig(5-25), the weight of the flywheel is 0.4ton, the radius of
gyration is 16in., the shaft is 4in. diameter and 5. long to the flywheel boss. For the shaft

material Young’s modulus is 30 x10° Ib. per sq. in. and the modulus of rigidity is 12x10° Ib.
per sq. in. Find the frequency of the free longitudinal, transverse and torsional vibration.

16 Aparsal) A 5all 5 dof Ciuaiy ¢ b 0.4 Adland )y (5-25) JS&M Ll 2 phiidl ~10
Apas il LS jall Lol iy = Adlaall 5 ea ) a5 Alghy din g 4 Sgeed) lly diay
5D syl Jhay e deags ST a5yl 10% %12 seluadl Jalaay Gy po Reay IS 2540 10° x30

ISy o all g gl 3 5ATY e O pmsikad

V777174 Ll
. xAx
L
oia VD)
Sl 51y oA I ‘sr 3
(@) (5-25) Jsa ®) (©)
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a-Longitudinal vibration , J sVl 3 54!

2
A = Static extension of the shaft= ﬂ, A= Ll = -15(4)2 =12.6m’
AE 4
A ;).4(2240X60) 0000143+ [ =1 £ (kg
~(4)2[30 x10° ”
1878 187.8

=15710 ¢/min

S =——c¢/m —_—
N = J0.000143

b- Transverse vibration  gun yaJl 3 54y

3
.. Static deflection of cantilever A = &
3K}
3
- o 042240)5x10%) o .
3ox10° ]35 (4)*
187.8 187.8 .
o, = 455¢c.p..
T = 55 T oazs - sep.min
¢- Torsional vibration
4
e = 7
32
6 4
=.Cl (12’(]0 )’7(4) = 5%x10%bin
(5x12)32)
&
1 [ag _ 1 (5x10 X32.2)(122) < 462078
2;: W.R! [0.4]224]16)

= S, =2772.8cycle per min.

11- A flywheel is mounted on a vertical shaft as shown in Fig(5-26), the ends of the shaft being
fixed. The shaft is 3 in diameter, The length L, is 4 fi. and the length L, is 3 fi. The flywheel

weight 50.6ton and its radius of gyration is 20in. Find the natural frequencies of the
longitudinal, the transverse and the torsional vibration of the system. (assume

E=30x10%/in)

Ao 53 g call hai afiled (e cafie (5-26) LB LS ol ) dgee o S pe Ailaa -1

gkl 23 5 aa g (a5 20 dioggualt A8 jall b Buaiy a3 L, shllgpid L skl

(E) 25—aall 33lad Ay pall Julna of ot . ot iy pum a5 gl ) 5081 e I
Any o duagy S i gy (30 )10 ¢
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” /// 3 Rayl: ‘

W S 0ol e e s W, 0080 of Jliel
L OIS 0sSyy sl e Ly Jokd i Sy ddlaall

O— \—O—th L, okl P Jisdl 5500 s (W -W,)

4
.. The extension of length (L, F%EL—
(5-26) Jo o Bl oy 0 gand) pleie dals 4 A Sy

SN AN e g 3 gand

w-w)L W)Lz

The compression of the length( L, }=———

" (L)) D dgandt L Blaaiy) = (L,) > FREPVRL I IEEV.
WL =(W-W)L,

W, @4)=("-wX3) ~w, = %W
3
2(0.6x 22404 x 12)
Yol 7 = 0.00013in
AE %(3)’[30“0"]
s f= \/6]% = 16474 C per min.

3% ‘_ *
D ADUAD (o gy W el a3 SR Y
173 3 ¥
- ’:1}1? _ (0.6)2240)4*12) B*12)" _ (594 i
B 330010% [”(3) ][7'12]’

187.8 1878

= 346.5 c.p.m
== Jooa P
i B Y
A
ql L' qu Lz

(1 radian) A5 dal Jf U adall gl S0 o el

qzq'+q2=w[{-+%] 2 106{z§32)2][‘2[4+;ﬂ

1 1

5 g =0.52x10%b.in
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o1 [gqg _ 1 [052x10°x(32.2x12)
2 YWRD 27Y (0.6x2240)20)

" S, =13.77cycle per sec

= 826 cycle per min.
12- A flywheel of moment of inertia 500 Ib.ft’ is fixed to one end of a vertical shaft, diameter
lin. and length 3fi. the other end of the shaft is fixed. The torsiunal oscillations of the flywheel
are damped by means of a vane V, Fig(5-27) which moves in a dashpot D filled with oil. The

amplitude of oscillation is found by experiment 10 diminish to —2-601' its initial value in 3

compete oscillations. Assuming the damping torque to be directly proportional to the angular
velocity, find its magnitude at a speed of 1 radn.p.s The modulus of rigidity of the shaft

material is 12 x10° Ib per sq.in.

*—L’L\_, a.-.a_,.: ] a‘)u U"‘"J J_,Ac. a:'li"‘q’mt’zfj"\"_,lﬂ' 500 ijl.hl u:l'é.“ J‘,udi]‘ r} "]2

LS (V) o sgll o 3 Aand yr 0203 3 Adlaall 3 Y0 3 a0 ulh 3 ganll i Gl L0 3
1

O o5 o AT )5 A ey Sy e glee D el T D (5-27) K

g Y e ol pa e auliy 200 a0 ] G LALIS 43 Al g0 SO 330D e
g pe L gy JS 2550 C10x12 5 gandl 2okl 3eluadl Jobaa 1 rad.p.sec Ae_juw die d5ad aa )l y
) — |

o f __‘/' =__ A‘i)_(y

-, g =3.27(10)" 1b.in. per radn

Ly L (3.27)10)' (32.2x12)
T 2n (500)12)°

2igd ASsal Aslaae ol 2asd 3 4 3 EaN8 Al

A Adkaall 5 ) g o S Ky da gliial

=2.11persec

10+4T,8+¢8=0

A el aie Y paay e Ry 0 Aal Y 8 O i
gl Ae pusany JSV aedll a3e T Lo geedl (I Jelas) o V1 ol g
T, = damping torque per unit angular velocity.
A Allaall 5 ) gem o (9% (1) Aotaddt 038 Jay
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¢ 2
- 2
y=Ae ' _cos » —[—c—] d o ()

2m
ey = 27 _ 27 _ 2x
’ w;_[i]z Joi-(w)  eqi-¢
" A\ 2m
.1 e1-¢?
f"_t - 2

w;thout damping ¢ =0, 0,. —-———‘f:_ \/'
ping =01, 2r 2w 2m

Ot (61 O Al 5 Sl B (ol Sadd 0T Giinas (51 O Al 0 X%, S 1Y
ek LS i,

:1 2’!’(:

C
..‘ﬁ_ — Aez'" =ezf“‘m"p =e 2"‘1 w, \} J

b ea—leie posd (Sas by ca, oy AN 3300 A0 Aeld 0 A calS 1Y,
10 Aledl (e tastadd (Sar ALaIS A 3 el g0 S A die A i e das Sy

20 64,)
—1— = € , —ai, =log, 20
T
‘.‘Ip =_.._2ﬂ— , where a, =—’bl =-—q-=(2’#'n)2
Y2 1 1
b
%)
g _(3.27)10" J32.2)12)
b] === 3 =]75.5
I (500)12)
,_§3_)(_2:£)_ 108, 20 = 2.9957 w..veovooeeenee e (3)
2.5, ~ oY
2
3m a, ’ 2
= ,—( ] . 9.895a4 = b -~
2.9957
by
a, ==
10.15
175.5 T , 500(4.16)
a, = 10-] ——=4.16,but a, = —_ .-T,=—-£2—=64-8
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5T, = 64.81b. fi. per radn.p.s
“* f, =The -f‘requency of the damped vibration.

w2 7 2
af=Ly _[m =l\[175.5-[i'19] 2.08c.ps
2T 2

2) 27
~ Ratio = §“— = (0.988 = 98.8

n

13- The moment of incrtia of 3 rotors A,B and C are respectively 2.5ton.ft> 7.5ton.ft* and
3.0ton.fi>. The distance between A and B is 9ft. 6in. and between B and C is 25ft. The shaft is

8.5in. diameter and the rigidity for the shaft material is 11.8x10° Ib. per sq.in. Find the .

frequencies if the free torsional vibration of the system.

Bluadl 2.5.7.5and3.0ton. fi* i Lo A,Band C byl ,p0 &N AW pall 23 ~13
L—A.ays-sa_)_kijj_n’.“ HJ?SCJ‘}J!_,B _)13.\]\&:&3&;51_,?459B J‘j—‘MJA J‘JJ]IL.)_”
3 5B Gl W o Ay e A gy S L (10X 118 3 sead) 0l Belindl Jalasy

o o
O

(a)
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L (LI -L, XLz _Lc)=

(9.5-1.2L Y25-1,

Ve phaial) 033 5 el At @I

R R N R
L, I\L-L, L,-L,

1L,

L]

L+L,—(L, -L)]...2)

wl,=—1 =12I,
2.5

3

e duani (2) (B Gl

)- (2.501.22,)34.5~2.2L )
- 7.5

L -256L +114.1=0
S L. =19.88 /i or 5.74 11
L, =23.86fi or 6.89fi



the torsional stiffness of the length L_ of shaft=g, =Lg

-

11.8410°
When L, =19.88f1., ¢, = %9%)@—2%.[%(8.5)‘]

< g, =2.54(10" )ib. in. per radn

I = (310'224011 2)2 =2.5x10%b. in .sec?

‘T (322)12)
y _ 1 fg. _ 1 (2.54)10) _
U 2xY 1 22 (2.5Xi0) per sec.

-~ f,, =16 per sec or 960 per min.

.. the two node frequency = (16 % = 29.8 per sec.
= 29.8 per sec or 1788 per sec.
(AN AT e (a3 B pall Aras o Sl 1 radn el i A ) g} Zasdl
L,-L 2386-9.5

The amplitude of rotor B= = 0.602radn
L, 23.86
.'. the amplitude of rotor C=————_ amplitude of B
e T 47
= ﬂ(o.eoz)-_- ~2.34radn
19.88-25

.\. For the two-node vibration, the amplitude rotor B
_L,-L 6.89-95

= —0.379radn
L, 6.89
and the amplitude of rotor C= ——— .amplitude of B
c T 4
= i(- 0.379)= 0.113radn
5.74-25

Alh i gy (5-28) S
Free torsional vibration of a geared system 4w 5 da ghiial o SR i -7
S S pend sy A s damg (53 (C) 5431 3 ya (om 555 (5-29) S5l Al eyl
o Bal E eV N (Gear) ¢ pe—seall u i (pinion) JMA B sl Jeay (53 D
Sy 3pae (e 5355 A (b) sl WIS da yhies Jas of (S (5-292) JSAIL da slaial)

o i (5729) JSA e LS AYY i SBH BB silly ik el AA s
(a)-The gear 1eeth are rigid and are always in contact.
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ol Wl s 0 (5] Bl 9S5 o land
(b)There is no backlash in the gearing.
o Al b it 2 gV
e Al y .\_,A:.UUS\Z\“ ) guadll \""U‘JSJ"H—C
O S dsb o Ly, Ly il e DiC agaadt a IS Ul 8 d,d, o iy
.g._.::ﬂ_)ﬂl u.‘l:- D!C J_,n:.“
i e B Jialy e A el e JS BSY SN gaill o e L,
B Y A L G KA e 0,0,
(G)ADall (3o (ppad (pu g il Agani,”.
B Speed of pinion E
(Gi=Gear ratio=
Speed of wheel F

w )
=—4 = Gear ratio
@y

O— 3% die 3yl J¥SFE e Kae g o
Jds—hy ki AL yd LB JallyA gl
Sl D ganll
(@) B gall LIS B A gl g b
A g (S-E) Jimaifit 48l y (K.E) 38 al alla ¥ 1 ki,
Wy 4 ja) A8 (5 skt o caag THKA 2o glasall
ALY A kil Jlaidyt

- K.I' of section L, + K.E. of section L,=

K.E of section L, + K.E. of section L,

| o . 1 1

(5 L O L, O .'.-2—],:.61);\ =5]Hm;

2
i
f):],,[f’i] =2, (1
wff
G=24 2
Dy

“(S.E)of L,=(S.E) of L, and L,
S A(S.E) of L,=S.E of L,

re =lre,
2T T

(5-29) K
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ekl M g5 b 6,0, i) e L, Ly dsh s agend ahidd 3l g8 T),7, Caa
Lag—tsh (530 (pmpalaiall DUs A sk 5,001 of iy i A e Ly, Ly Alsh 3 3 gand

......................................................

....................................................

..........................................................

........

'L‘)L‘.'-'JL“:“ ‘J"}S:' L]) Lz

i g (6) ¢ (5) cuibiladd (pa

rod ani (6) Akaddl (e

AV ADN B e o LS oS (T} Aslad
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ot el e 81y A 0 AdiaY) A ghiall £ 85 3 il 3 geall D de gl (fd 130
(8) AU e phaaddl L, (S 3sanll Syl Y ALYy (1) ADMRYy (dans BY 2l S
s 2
(L) HSal 350nll Jsb o i
~L=L +1L,
=L,+GZL1[-::—'] ceeeremeecerieenne o 9)

1
P ) PC INZ ROV WG [ DY R g 1 IS PR N A I
Al agdall 2yl ol (29-¢) JSAN B LeS LK) Aashindd) B (N) sl of L ynel 13l
AN A (e (pes (A) g0l q.jl_,iﬂl

S o e 10
f" 27\ L,1, (19
ADWY (e ey BY ) sall A 3 500 apdal a0 3
t, MLy E A O S Qan
¥ 2 L1,

27\NL, 1, 27n\L,.1,
Lydy =Lyl y oo (12)
L=l 4L (13)

JSE 5 el Galuaall gl (i — (5l S geadll oo LaeYE B 3a g Levie Ak pale
A el e L) Al s S Lo phiiad introduced (Jhang of g (29-b)

],:.+El2- @JJ‘QAOHJ\_,JH IJ@.\"‘.JAH J,mﬂ]'l f’-};-’

w05 elumed B ) Ao gl s Sl
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14- An electric motor is to drive a centrifuge, running at four times the motor speed through a
spur gear and pinion. The steel shaft from the motor to the gear wheel is 6cm diameter and L cm
long. The shaft from the pinion to the centrifuge is 5 cm diameter and 45 c¢m long. The weights
and radii of gyration of motor and centrifuge are respectively 40 kg,12 cm and 34kg and 14cm.
Neglecting the inertia effect of the gears. Find the value of L if the gears are to be at the node
for torsional oscillation of the system and thence determine the frequency of torsional
oscillation. Assume moduius of rigidity for material of shaft as 0.84 million Kg per Cm”.

S DA gadl Ay 0 e dag f Jolali Ao s (538 50 b Slen 1 1068 e 14
s ey Al s s 6 cm ok ol (e 30 s (305 i o shad
adsby 5 om okl (5 3 pall kY ey piaall ol Date Juay By JLem 4lshy
34 555, ShY Slea (s 12 om 4 eyt A el L iaiy 40 kg o sadd ()35 645 cm
(L) 3 2o gl \pu gl S gl p3e 5l Jaal (14 om A Jaayul AS5al hd Caaiy kg
Fral aplal a5 W oo o b GU3Gy Aapliall A @Y AN aie die ey 1 0 5S0 Ledie

.0.84x10°Kg/cm? 2yaad babe selua Jalao of Ly i1 . 3580 (k)

Speed of motor _I

*> & =Gear ratio—
Speed of centrifuge 4

iy (L) dsby d) = 6cm Cys Gl ) o addl on Jakd (D Sseadl jli= 4,
Length of the shaft from pinion to the centrifuge= 45cm and its diameter d, =5cm.

R, =12cm 4 dyey 5l A jall Hhai iy (W, =40Kg) (A) &yl 03

'Rg,,=]4cm d:t,ug_,aﬂi :\S_):J‘ _).Lét..m_, (WB =34Kg) ‘_;;_)S_)an .\)‘:ﬂ e O

Y =ﬂx R; = ﬂ(lZ)z = 5.86Kg.cm.sec’
+ 981
1,,=ﬁR§ =—3i(14)’
g " 981

= 6.79Kg.cm.sec’

Modulus of rigidity=C = 0.84 x10° Kg/Cm*
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(a) Sl e 55 AbuaY A shaial
(b) S g s AN e plaidl
=1 S pi (L) e e
I A palll oo 225
ALK Je SN, ¢ SN B
il S kil ol jlie] g 2 geal

pinion G ' d, = e
], =Mass moment of inertia of the equivalent
F D rotor B',
Scmdia ——J é L,=Additional length of the equivalent shaft.

! 6

=Lt = = 6x16 = 96Kg.cm.sec?

B Gz [1 2 g

A ' 2

s C B\ d 4
J E L,= G?'L2 [d_IJ with usual notations

(b) 6 %m g v 2 iy
* n Ly =[— (45(— = 5.83Cm
e 4 5

q_'.i,ﬂljl_',mn 1@3:1}43&.1101”;_,559.1&1

O

.LA =L
“+ Ly =L, =58.3Cm
el dy=L1,d,
_ 5.83(96)
587
s L=L,=9535Cm

1 WS f ekl 20 dlay) Sy

0.84x10° (6)‘}

= = 69.6cps
UhE L,,J,, 9535x587 p
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15-A 12-Cylinder aero engine gear drive to the airscrew is equivalent torsionally to the system
shown in Fig(5-31a). The shafis L, and L, are respectively 39.5in and 25 5in. long and

2.75in. and 3.5in. diameter. The airscrew runs at 0.6 of the speed of the engine crankshaﬁ and
the moments of inertia of the rotors are: for the combmed engine masses A, 15001b.in for the
pinion B,54 Ib.in, for the gear whee! C,850 Ib.in? and for the airscrew D,50000b.in’. If the

modulus of rigidity of the shaft material is 12 x10° Ib per sq.in., Find the natural frequencies of
torsional vibration of the system (a) when the inertia of the gearing is neglected, and (b} when
the inertia of the the gearing is taken into account.

S el 0 2 Y Hyaal ey 5 Bstiay A shad 12 (e 0305 i o e 15
e a3 25.5 ¢ A1 39.5 Legleh L), L, see) .(5-31a) JSA LS a3 i 4 plat
0.6 3z Ay pali B 303 Hye o 35ee cqui A o Lnyy 3.5 Ry 2.75 Laa kil i Sl
1500 A 43S yall ol ) ol 4 QT 5y €5l gall SN ) paill o e g jaall b SN 5 gas e
850 C =S¥ (pu iBy dmy jo Ao gy gl 54 B p—buall (i Uy Aay ja.dia g gk
ol sl Jabaa (AS 13 L3y e A g0, 51 50000 D old 58 Aanilly g Zay pan s go. 33 gbs
— i plaial] Y A el 3 ) aa g By e Gy ST gl $10% 12 3 peal
oy Al A gl o0 A Lie - o A S gl a0 Sog Letie—]
2.75in ok il ) o2l ) AGISaN do glaiall 3 ganli—1—: )

A
L =G'1, a4 [ ) {25. 5{2 75] = 27in
d, 0.6 3.5

I = é = 50000(0.6)° = 18000/b.in’

. the distance from the rotor A=L, = (L,+L1)
o
o 18000 g6, 97)= 18900 (56 5)=61.4in
18000 +1500 18000 + 1500
. e 2
B- D O d] ‘ |B O
y £ Q S
’ T 7z H d T
¥ [}
. ( b/ d T ::_\' L 0
/ T 7 'Ll e

L.
7

(5-31) e
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The torsional stiffness of this length of shaft=q, = -Lg

a

6 4

-4, =(12 10 ”—(u =1.1x10%Ibin/ radn
614 [320 4

< the frequency of the torsional vibration= f,

Pl JZ _ L (00000 G2D02) g0t /sec

2z\1, 2n 1500
= 5090cycle / min

P Akl sic (s LS Bl 53l 1,818 (39S (fd Lew ol g 2..75in o el (530 3 gand! Luilly ()
(5-31 b) JSii d

~dy =141, /C? =54 4850(0.6) =3600b.in?
2.75i0 o Lk (530 5 pandl Siles die DNA G p0 S0 Ge ) pSiall g RIS D plaiadl i A
D' (s e 31 27 (A e ey 39.5 Aiill 2ie B' IO ) g2} as 66.5in 4 ph y
Ot 830N oy Adladll (o 2 A 0 A glaidll A Lgatind e AN Yol CAD e
.in3.661463.15in A A _J gl

", The fundamental frequency'-=84.8Jé’)51--_'li5 = 83.5cycle/sec
=5010cyice /min
FADLY (e Cpaly (siall 2030 o
Sy = M.SJ%_:] = 347¢ycle /sec = 20800cycle /min
A1 33 50 G A e s ld g A1 IS gl o ] iz 4d s ol
-y aldd b 1 4 LS
:dala ciBadie
o Jbiely dlly ) (5-32) JSAN, cpsad (cantilever) vl o JadSH 28! SO Juun e (S0 ®
Sl w5 g Gl el SN Caaag 13y 4k i 53 e ALS Jangy (g0 pe

L (W) ﬁﬁﬂ syl oiliel e e A

3

A= WL

3E]

Woasil il cias J gl Gl el (5-32) Je

W
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AD e s W S al 08 80 as JaSH A s b G ALY B e
e
3E]
Where E= Modulus of elasticity 4 y jall Jalaa,
i= Moment of inertia Sl ) yaill 5 5c.
L= Length of cantilever J S} ok
W= Weight ;.
100N AN (e Cpmgy k Jalae ) i€ JplSH ey @l

W _3E
A E’i I
3E]

B e 005 53 Janadl LSSl el A8 al Ailae uis o JrSH AS . Jalas (19S55
A 0GN Aalaally LaS sy k alolas (g3 aadill y m

mi+kx =0
60 A8 al Adilas Ja ks ga Alitaal o3 Ja 05y JgASH b dal ) b x Gy

k
o, = \’—CPS Al gkl 35 50 56K Jasadl Sl
m

@ 1 13E!
= e e e HZ
/s 27 2z \ml’ (Hz)
27 ml’
r,, =—2= sec
@ JE]

SR VR PET TR S A R 18
La S il o0 Sy el e o il adaiall o) JplSH Al 4
4

) g S A Dy 1=% R E

sbL_thG_,(a)dJLn::n quhqa,dlcmjuﬁgﬂwitwiﬂhqb—u
3

bl e gy E Ay el Jalasy 1=£1”5_ A S 85 I yeaill e i

CE=2x10°Kg/om® o s qaluall aall dpuailly Dad JplSH Lgie  givad

Ol g e Jaatl 3y yla y 3 ganl pny CDGERY bnd cilids A il jai¥) aDe —

03 o gh gy lagio JG (aladl Gadlill Jalaay il jally algdh VL s (5-33a,b)

N Gal 3 Jalae Jagal ae ABSH y adih allad Miles i 3 5 St 558 @YY

el Al A dlee 05 LS Gl a1 Adlas
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E._

J

L

1
]
]
L]
i
1
ol
"~
1

.

Uasulh o paSH g J oSl (aish cul) Jaladly it a1 (5-33) Jeab

_wr LS
3E] " 48E]
3EI 4A8E]
=T T
_ Lk ﬁ3£1g 43E]lg
n \[; LJ.W (Cps) n L‘!H’ ( )
1 (3F]g 1 [48Elg
= H7 =— HZ
/s 2 LJW( ) I 2r L-‘W( )

16- A vibration device consist of a light steel beam, at its end a mass of 0.35Kg the beam
receives vibration from electromagnate, the natural frequency for the system should be 60c.p.s,

Determine the stiffness coefficient and the length of the beam if E/ =10° Kg.cm® /sec?.

i 0.25Kg Loa_jaie L€ e ey aidll alall (e S 0o 3 ke 4 Slea —17

Jalns 2 4] (60cps de panall gapdhall 23 3 03K of gy 2 06S Dusbiline e 0 ) 58] Jil<H
CEI=10%Kg.om® /sec? SV satiadly J4dSH Jyday Gmstdl

J—all
.k =£ (351 [3@10‘4 \/Z
m

Sk =w?m=[27(60)} (0.35) = 49692.4Kg/sec2

L= =3.92Cm
49692 .4

17- A disc with moment of inertia (/). Suspended at one end by a wire, and allowed freely

vibrates to produce 48rpm, If the disc requires a moment of 2Kg.cm to rotor 15°. Find the
moment of inertia of the disc.

o 0030 48 Jonay L 5] S by ll Mles i T A I sl o3 A e 17
I, Y gail sje aag 015 41y punpa€ 2 o aie pje 4asb el OIS 136 (A
:d———-ﬂ‘

~2(980)

15(5J
180

k, = = 7490Kg.cm’ / rad.sec

I
6
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o2 = g ek %0

1, el )2[43]

60

s, =296.75Kg.cm’

18- An electrical generator coupled to an engine by a shaft of 1cm diameter and 35¢cm long. If
the moment of inertia of the rotor is 40kg.cm find the natural amplitude for the torsional

vibrartion.
I gl 5o SN L pu2S Al gk g anl okl 3 gac ddaud gy o jany Bale 168 A se —18
e s 3 a0 el 33 50 2a 8 canpaS40 A gal) gl
b0 WP, |
' 3.14(1)

1=—3—2—=T=0.0933cm‘ , ~E=08x10°Kg/cm

&
LTE = 0‘0983%8" 10°)_ 3145.6Kg.cm/ radn

4y kb s Ay g) Y 2K 3145.6= b, o 4

k=

ok, =3.08x10°Kg.em® / radn.sec’

]
Lo 1 /__ - _1{M = 277.48cycle /sec
27: 2z

19- A weight W is attached to the end of asmall cantilever beam of length L by a cable of

stiffness K as shown in Fig(5-34). If W=100 1b, E/ = 2x10°/bin’ (for beam) k=100 Ib/m,
determine the length L of the beam that will make the system’s undamped natural frequency
S, =2Hz consider the mass of both cable and beam as negligible compared with the mass of

the weight W,
1L (5-34) ISl LS k alelas ol Aot s L dlsh i S Ales & Blae W ()39~ 19
Hi)Lo
kq=b'\1_001b/m , W=100lb ,  EI=2x10°bin(Jsi<0)
Al e JSAES Jaa) ae2 Hz 2e3 (33 prshll 035 Jazy s J Sl Jgb 2a

L W 0358 R8s 0 e 1 sl
, >
Z —
g
é Cable O i

El=2x10lbin’ 2 _/~
k = 1001b/in
W
(5-34) Ja
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J== where k,, =J sV 5 il { SIS olaal
2r 27
4 k 100
1 - . ok, =Y m=(4n [ ] 40.87n/i
(Zﬂjl L ] eg ( ’grn) m ( ) 386 m
k, JsSU gt e of Slaely
el b Lk 26902/ m
k, k.. k4087
5
“ky = 69.121b/m k, = 351 = 3(223'0 )_ 60,1218 m
o L =20.6in.

20- A body has a weight of 401b is vertically suspended on a steel wire of Jength L=60 in and of
cross-sectional area A=0.002in’. Determine the frequency of free vibrations of the weight if the

modulus for steel is £ =30x10°/h/in* Determine the amplitude of vibration if the inertia
displacement X, = 0.02 in and initial velocity X, =1lin per sec.

K1 21 C10% 30 ealeall Gyl Jalas S 13 W sl el 3 e s gl e f = Tia s

SN Ao,y (X, = 0.02in ) At Ast Y el 1l ) e A aa )l Fiiay
{X, =lin/sec)
:(J_A.“
W L 40x60 o oain

A, 30x10 x 0.002

’ “32 2i]2j
=— |-& = 15.6cps
" ,\‘f 004 p

Lo, = ann =98.3rad / sec
X,=002, X =1in/sec

. 2 )
]
". the amplitude of vibration= | X} + X - (0.02) +[——] = 0.0224in.
o, 98.3

#

21- The simply supported beam in Fig(3-35) has a static deflection of A = 0.1lin. when it

supports a weight W at its center. The weight W is then dropped from a height of h =10A

onto the middle of the beam. The weight remains in contact with the beam after striking it, so
plastic impact can be assumed. Neglecting the energy lost during the impact, determine:
(a) The ratio of the maximum beam deflection y,, to the static deflection A with damping

neglected, and (b) the same ratio if the damping factor £ = 0.1
A, =0.1in St el Cilad) 4 s (5-35) SRS e LS da Japy S -21
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sl oL 5 il 4D (Jaa) ) pileail (f g Aslabasl axy J ST Guede By
o () e2adl Jlea) po A, Sl el O oS eling el e ans (1) 20
£ =01 2a) Jele 18 13

L2 A,

E=modulus of inertia of elasticity(psi).
I=moment of inertia of beam cross section about
neutral axis(in*).
L=Length of beam(in.).
y=displacement of beam from static equilibrium
) position(in).

¥ p=maximum displacement of beam from static
% equilibrium position(in).static equil. position.
L ¥y =maximum deflection of beam from X axis

ﬁ’ (in.)

A =static deflection of beam due to W(in.)

X
A
h / yl)’u
- I
~—I W =\/—£=1/18£=62.]3 radl sec
; 1 m 0.1
A, = 4";11;_] in Lo, =w - = 62.13\/1—(0.])2 =61.82rad /sec
515 o Selys (SHGY YY) pu g (a ASH da )
—_ (A
(9733) S g (sSes Al (g gl 5 Jid Aat )

.y, ==A, =-0.lin ‘.’Ai_-d_jy‘ S 23 A0V CoyLhN ey o gall puia gl 8 i
poin sl 38l g 5L AS jad) 8L i IS ae W 500 plabad e
.‘.-;-mv2 = mgh sovi=2gh

SV 28A = P e (N
ADLl (e cng IS Ciatie b el ol

ymax =A.\ +yIJ
.2&‘_}! u‘.mi‘ ‘.’A yma'x l:-l-’!a

O Alie Aad ) sl 8y J oY e die p,) Al ol Gl S (5-35) JSEN (e
v S Y pia g
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Yy =84y,
(X) ssal o JglSD eliadl a8l 4y,
rof aa0 Aal Y Alslas (e
x=y=e“"“’“'lAcosa)"(\/]—?}-kBsina)n(ﬁ)l ............ (2)
ol g SR ) Y1 pada g dic g a8 Ciatio ey, Aad ) el dlad (Se
A 3Bl e Qiani1=0 5 E=0 ge A5 Gkl e
ie. at=0,x=0,5=0
¥, = x=e[4cos(0) + Bsin(0)]= -4, A=A (3)
A e Dot e 0 Al y, Zal 1 Ll
—AL’ e ( sin @ \/1——)1 \ﬁ——_ Ew te™*" .cosw (\/l——H
L"'"’ .COS @ (\[l——‘)l( ) Ew,te sinw (\ﬁ——')!]

Oe pasyailly g
Att=0,5=0,-£=0
j’,,':B.Ct)"
y 1/2!1
B=de N e (4)
a)ﬂ a’ﬂ

Y, =-A .cosw, 1+ SIN@, L coeieee e et (5)
1) ans AN SlEL e

W y=-Acosw,t + Bsinw,t

Ly = (\/AZ + B’ )sin(m,,! +¢)= [ JAZ + 2~’g—:'1Jsin(w,,: ) D (6)
w"

oSl sl gally) u\_,.'&|¢.a,w°_\ytsuy4_-.l_,‘y1u [a) r+¢=%] a5 Lexic

2gh

wz

n

N T Az‘ +

AN AN e (pagy AR Chialia S G5 eliadl ol -
Yy =B, 4y, =4, + A+ zgh
w"

2
27.78 =0.56in
62.13

oo deast A chew, o (o Ly gailly

y =0.1+M(O.1)2 +[
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- A steel bar 3.5cm wide and 6 cm deep is freely supported at two points 1 meter apart, and
carries a load of 220kgf mid-away between them. Find the frequency of the natural transverse
vibration, neglecting the weight of the bar. E =28x10°Kgf/cm®. What will be the-
frequency of vibration, if an additional load of 210Kgf is distributed uniformly along the
fength of the shaft?

2- A beam supported at the ends has a load of 200K gf placed 24cm from one end. Find the
frequency of the natural transverse vibration. The length of the beam is 95cm.
E =2x10%gf /cm® and the cross-section of the beam is 3.5x 6cm’ .

3- Referring to fig (5-36). Let the moment of inertia of the rotors A and B, be 62kg.m2 and
38kg.m? and the length ,,L,,L,,L, and L, be respectively 24.0cm, 20cm, 30cm, 8cm, and

20cm and diameter d,.d,,d,,d, and d,be 6.0cm, 10cm, 8cm, 14cm, and 10cm respectively.

Find the frequency of natural torsional oscillation of the system. C = 83x10* Kgf /cm”.
4- The shaft shown in fig (5-37) carries two masses A and B. The mass at A is 420K g and its
radius of gyration is 64.0cm. Corresponding values for B are 540K g and 76cm. Shaft diameter
between C and B is undecided. Assuming it to be 8cm, (a) determine the frequency of torsional
oscillations thereafter. (b) determine what it should be if the node is to be in the plane CC' as
shown.C = 84x10* Kgf /cm’ .
5- A shaft 2.6 meters long has a diameter of 8cm for half the length and 8cm diameter for the
remaining length. If one end of the shaft is fixed and the other end carries a rotor of 280K gf
with radius of gyration of 60cm, calculate the frequency of free torsional oscillation. Neglect
inertia of the shafi. C = 82x10* Kgf /cm® .
6- A motor generator set consists of two armatures A and D as shown in fig (5-38) with a
flywheel between them at B, The modulus of rigidity of the material of the shaft is 0.83 million
Kg per sq. cm. The system can vibrate with one node at C 12.0cm from A, the wheel B being at
antinode. Using the data of rotors given below, take data of rotors:-
Weight of rotor A is 480Kg and radius of gyration is 28cm.
Weight of rotor B is 570K g and radius of gyration is 32cm.

Weight of rotors D is 380Kg.
Find:

(i) The position of the other node.

(i1) The natural frequency of the free torsional vibration, for the given positions

of the nodes and.
(iii) The radius of gyration of the rotor R.

7- A shaft of 12cm diameter and 120cm long is fixed at one end and other end carries a flywheel
of weight 0.8 tone. Taking Young’s modulus for the shaft material as 2x1 0%kg /cm®. Find the

natural frequency of :
(1) Longitudinal vibration.
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(ii) Transverse vibration.
8- A flywheel is mounted on a vertical shaft as shown (5-39). The both ends of the shaft are
fixed and its diameter is 60mm. The flywheel has a mass of 450K g. Find the natural frequencies
of:

(i) Longitudinal vibration.

(i1) Transverse vibration, take E = 200GN /m*.

9- A small turbine rotor and its shaft are equivalent to a shaft of 100cm long and 10cm diameter
It carries three discs weighting 250Kg, 300Kg and 375Kg at 25¢cm,43cm and 70cm from left
end bearing. The total deflection under the loads are found to be 0.012¢m, 0.017cm and
0.013cm respectively.

Neglectmg the weight of the shaft, determine the critical speed by energy method and compare
it with the value obtained by Dankerley’s method.

10- A marine engine, shaft and propeller are equivalent to a torsional system as shown (5-40).
Determine the frequencies of torsional vibrations and the position of the nodes and find the

amplitudes of vibrations for both the nodes of vibrations. C = 84 x10* Kgf /cm* .
11- A motor generator set consists of two armatures A and C connected as shown in Fig (5-41)
with flywheel between them at B. modulus of rigidity C = 8410* Kgf /cm® . The system can

vibrate torsionally with one node at x=8cm from A, the flywhee! being at antinode. Find:
(i) The position of another node.
(i1) The natural frequency of vibration and (c) the radius of gyration of the armature C.

A B C
k 32cm 38 .
m 440K g 520 360

12- Fig (5-42) shows the engine, the transmission and the propelter for motor ship. The
crank shaft may be assumed equivalent torsionally to a solid shaft of unifornn diameter
30cm. The combined reciprocating and revolving masses of each crank have a moment of
inertia of 460K g.m’. The moments of inertia of the flywheel and the propetler are
respectively 6000 Kg.m’ and 3200Kg.m’. Reduce the arrangment to an equivalent three-
mass system on a shaft. To uniform diameter 28cm and determine the frequency of torsional

vibration system . ¢ = 830000Kgf /cm” .
13- A torsional system in fig (5-43). Has the following particulars, moment of inertia of

N
motor=30|(g.m2, moment of inertia of flywheel and pinion=]20Kg.m2, Gear ratio=—2=G=4,
.
moment of inertia of the gear wheel=35Kg.m”. Determine the moment of inertia of the pump so
that the frequency of torsional oscillation of the system is equal to 6.5cycles/sec.
14- A reciprocating internal combustion engine is coupled to centrifugal pump through gearing.
The shaft from the flywheel of the engine to the gear wheel is 7cm diameter and 85¢m long.

Shaft from the pinion to the pump is 3cm diameter and 28cm long. Engine speed is %th the

pump speed. Other particular are the following:

Moment of inertia of the flywhee!=750 Kg.m’.

Moment of inertia of the gear wheel=12 Kg m’.

Moment of inertia of the pinion=3 Kg.m’.

Moment of inettia of the pump impeller =15 Kg.m’.

Determine the natural frequency of the torsional oscillation of the system.
15- An electric motor drive a centrifugal pump running at 3 times its speed through gear and
pinion , The stee! shaft from the motor to the gear wheel is 4cm diameter and (L)em long. The
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shaft from pinion to centrifugal pump is 3cm diameter and 36cm long The weight and the radii
of gyration of motor and centrifugal pump are respectively 22Kgf, 8cm, 32Kgf and 12cm.
Inertia effect of gear may be neglected. Find the value of {L) if the gears are to be the node

point for torsional vibrations C = 84 x10* Kgf /cm’ .

A
B
b #
4
6cm 10cm 8cm f4cm 10cm
 24cm | 20cm | 30cm | 8cm | ZOcm__z
A B
1 C
5-36) <
| sy |
6cm 8cm §Ocm d
c
20cm ‘,‘ 18cm | 1l6cm 26cm
o o b "
(5-37) Jsh
i l s,
A E 1 10cm| | B| 8cm D [, =0.8m
T 30em | 20cm L, =0.4m
- T
(5—38) J‘—‘J" (5_39) Jg_‘JI
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L, : L,
A l —,x—ﬂf'wheel :_ c
5
. 34cm.¢ 30cm.¢ /S propeller
engine T
\-,ﬂ B-ﬂLwheel
2800Kg.m 5
| ] 9000Kg.m a
420cm 860cm
(5-40) s
B
A
e
]
120m.¢?: 10cm.¢
! 1
x=18cm i
(5-41) 32¢m | 20cm .
— B
o ¢T i T F 28cm.gp 30cm.¢
cm 1
: ! L
b . - —
110 | 180 100 170 | 520cm | 600 620
(5-42) JSKuh





