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1Y U.A‘,'amsu_)s-“ j}n&]&!,ﬂ Qs g -1
Longitudinal vibrations < ebsf & 3/ zia §/~f
2 ganll aly Sl g o gae sladl i RaSiy ol aady (0 geall) cansill of (5-12) B
.the tensile and compressive stress Jaiall y A8 (galgn] Suad

Transverse vibrations duud st/ QJMY/}
LsS 2gaall b yma ol L B gae &) 58] A5 m ol o 3 ganl 8l ) Latic

Pl palll giasyy aaaly Aadl ode Ay A pall i 5aYL D ey (5-1b)  JEN
the bending stresses eUai¥) Cialgal cad Cuall ady of W 509 Lea
Torsional vibrations Luf 42 & jf sia$/i~

Soa e an Lexie (AN dlgal) 52l uad a3 geally el o (5-10) S8 Cay
G C Y B e 2l Gojic aaslad) Ly A (N B Ge deludl e olad i 4l 5
Bl i gl (gl Jaidl g Bt A 5 C Omada sl (o JS dagiall i ) Jiy B pua )
Ay ) el AS jall

CLLLLL LLLLLL
! 27777 !
1 [ g
i ! !
Il shaf i !
] M |
S v IR i
A '.-.i.-.' /’ ’lll\\\\\ |
O - NN/ N |
I AL TN i N '
C ‘-_‘;'_,T_“_'_f" N i S C ;
i L.,_] _
i - N
B C
(2) (b) (¢)

B=Mean position
A and C = Extreme position

(5-1) Jea

=12231=



) a4 X1] 7
Effect of the inertia of the shaft in longitudinal and fransverse vibrations

AN ‘r\ T Longitudinal vibration Jehlt 3 jaaY) :ir_,i

' Uad 5 4l aal 0 oy (L) sk 2 pae rain i (5-2) 20
T i S w O5M i) apead 35y 81 T e
' NJ _____ Ay (dise) b caaill jall Gkl b ot 1l Wemwl quail
I_l—j Jyhy 4y afiall il o x diluse oy 3 ganll ias suaic 30y W
” oa-)-ﬂa,,-mw—u,lf—‘ i LS (S Ax _poaia)
S-S O9—S5 L1, Longitudinal velocityA skl e judl 2y ( v) casadl
A0 AL e _ying a2 b0

The velocity of the small element = —E.v ................. (5-1)

@ il 48l Al (35

The kinetic energy possessed by the element = -;—mv2

2 2.2
KE=Lf WA 1.v) = At (5-2)
2\ g NI 2gl

.~. Total kinetic energy possessed by the shaft =

t 2 1ifaY 1 13
y : , 14
“Totat (KE)= [ x?dx= wv,[—x ] = & =-1-[—‘ )v’ (5-3)
J2gl 2017|3287 3 203g

ol s puel il e 5 350 by 13 4 gl agunl IO 050 = Worw L
D d Y A jal A8l () S 3 gandl )y
Total (K.E) = -l—[W‘ ]v’

2| 3g

ol Gy B 8 bl e Y 455y B Alals e 3ganl 1 AT gual (f 2ai 13}
s Cm prahl 235 of i sl AW el (1599 We il ()5 3y Leaie ol

s dlal A
k 1 k
fi= -2—1— 7 = E-T; - — (S X.) SO (5-49)
T W+ W, \ m+—
\ 3 3
4
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; - Transverse vibration ‘ggﬂlﬁw
2 - ool Cajhall Sie Jaa 283 3 g aphll o gl Slagi-1
/ m—  — A8 3y 41 =2
T WA [T s (1) s sy o (573)

) K rt o3 2N Gkl (e sa g 4 b aal (e Sl

[ (5-3) UK by o0y pe wliy W S WL, Al AT 0 oL
) crorl e LF Uy g s, 0 Lol
el (4 (" ) Al e g Ax Ayb piaio jaic lia jé‘ 13 9 Transverse velocity(v) 3 gaall

o 3LX2—' 3 - . - o >
ol Sy v, = Ry D eaiadl Ao g el (Sad 3 gand e Cifial

20
AR e jeaiall s e

2_ 3 7
(K.E)ofelemem=lw'm e 3 ¥y
2 g 2L

1 w.Ax]— axt-x) [
Total of (K.E) of the shaft= |—. v

720 g |\ 2o
21 2.8 6 7
S I(9sz'—6Lx’+x°)dx= wﬁ v? LA + X ‘
8gl° ; 8gl 5 6 7
BW ., 1[33 W,
Total of (K.E)= ——.—£v? =—[ —— = |v?........ 55
ol of KB o0 2 2[140 g}v G
; ) ) , X A .
100N AL Lyic jimg 3 gaall
W
Total (K.E) possessed by the shafi= %(i%—;]v’

._).A“ u_)_m|.\._n.\‘,¢lﬂa.h$w-l% hl.-al..lc.uq.\rn.“vﬂ.ﬂ J_,-Ai]ldcan'gcﬂhun_,

=l Gl W ) disc e b Copl day 3 gaall WS sgaall agdall 0 B Olua i ol
A ANy aie uagy bie) B 385 W il 0159 We dganl) (15 ol 2 gaal

S S SN |y (5-6)

27:\]"’ 3 W, 2z 33
—_— m

g 140 g 140 ¢
1lliade
it pemy a2 0 0 gand Caaias St e il (o SN (e i 3 gaadl 1S 13-
sl AL

= %) =



(8 ) T U (5-7)

8 A ik e (e pady S sale (e snge agendl ff (S 4k 3810
RSO, dic ey raall s 5l o supported beam & 9 (o silS)

A JBY s -

bLo@

Moment(M)
Fixed beam Cantlever beam
o Slae JolS
wwii s
Fy
Fv
Simply supported bream
& L) ‘Jy\f
(5-3) Jsa

Chigs 4By play Al jadh ikl aie 58 pa Jaa 13 3gaad sl 3o 30 Sadf =2

Y/ s - ' . >
é . — I w 2y 3 O Jage 3gae iy (5—4) JSIN
2 T A s on SS9 Gy 4k sl o ey
Mean position t kx | x W )y aaex 4
,.f,_._._ ¥ s (K) 3genl belua cuilS 138

1 """ k= stiffness of the shaft
A= static deflation of the body
2
Position after time t m ii—':— :(X) dganll SOV LW
d x=displacement of the body from the mean
(5-4y S position at time t.

1 a3 (g SFE F T g (e el Zad 1
The restoring force = AlSN & o8l =-kx
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ICERPY I 0 P C [ Y P

mx=Y F,=-k omitke=0 X+iyoo.... (5-9)
m

o 2 k 2” m
xto,x=0 "o, =1f—— t = ]’
w, k

ie

,f"=——- J' .................................................. ¢-10)
22 \m

L
A==} 2a3 3 gl Ak glia .
351 “ 340 R glia gle s

W= L.0ad at the free end 5_jall Llgill dic Jaall
L=Length of the shaft 3 yaadl J sk
E= Young’s modulus for the material shaft 3 gaadl (paal 459 yall Jalaa
I= Moment of inertia of the shaft 5 yandl AN ) galll o 3
e dgat e P Jan Al 2l o a5 el s -3

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

A ic Jieay L 4k AB dgand o i
L, n L, (C) ki 2ie W Jaa il iy ad b
dganll gliadl Cigaa 2ind (5-5) JSAI (e LS
daiy g e ) g adlislaid g S
ey ¢ W Jeal e anlsy A dgaalt gliad
[ > — LS (s.h.m) Aoy i) 5 45 ja 3 gand)

(5-5) Jso .(a helical spring) 533 3la s oIS

1 ’
f, = the natural frequency of the free Transverse vibra1i0n=-2—- -i—
T

4.987
S f= % ) RO UP S P P RN (5-11)
fn J_ ( )
Adlids Qaal ity JodSH o Zibiss g1 g3 SO pladY) ol ey SN (5-1) Jsaally
S.NO Type of beam Deflection (A) The effecting point

at the free end jad Ci bl ue

—




S.NO Type of beam Deflection (A) | The effecting point |
4
A= —‘i (at the frec end)
8E7
272
= ﬂ'i (at the free end)
3EIL
A wr® (at the center)
- 48E] dgall Ugile b
4
——5—. i (At the center)
384 EJ
WL L
A=—"112 at the point load
3EID : po )
3
e (at the center)
192E]
4
= ﬁ— (at the center)
384E]
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dia 3gar o A 5aill aliiie Jan o g Al gl Al 35550 ol 30,304
Natural frequency of free Transverse vibration due 1o uniformly distributed load acting a simple
support shaft.

extreme position

we . ..... Mean position
(static deflection curve)

" " - ---- extreme ition
" ms

S-6) g5 b
s 2D g Jpha 022y JSI (W) uniformly distributed load o5 phiia Jaa 4)lc AB 3 padll
1 ghle (5-6) Jsub

yr= static deflection at the middle of the shaft 3 seall Caiaiia N SalinYl oLiady)

a;= 3 gaall i alia 2ic amplitude of vibration _jlja-\m A

w=2 = Uniformly distributed load per unit static deflection at the middle of the shaft
Y

3 panll Chasiia die SikiuY) o LiadY) (pa 2a g JS a9l aliiia el
y o Av adeiadl Jsb Sy A oSy 4k saal e x Al oy a3 gend adiia o i)
Al 022 2ie Y dan A a ¢ A pax Wb o S50 eliadyl o

AN ADAY (e (g (eainl) adadall 13¢3 (W.D) Jydaed Jald..

1 w.a, .aAx
W.D on this small section= —w, .a, Ax.qa= l__a,_a_
2 2 Y,

Jall A8 «§ st~ at the extreme position auis ya _,.451 die auay 4ils bl e Sl s
Pkt LS pada e el ) s gl i ) e ] pASH AS ol (WD) J yised

i
- (P.E),,, at the extreme position = J‘l.—a—' adx........(5-12)
0 2 yl
t0l gl (beam) cinll KA slad¥l aie g Bliia 58 2and 5l iaie JS5 o) ey
a _4a -
L =—=const=c a=yc=3CT.Q,.............. (5-13)
oy “i‘ ‘
1 s (5712) (b L anillyy
1 ] l i
AP.E) = |—weycde=—=we? vdx o, 5-14
(P.E)p of T 5 OJ (5-14)



AV 2,5 s @ Cia @a DN aie s b sial) auia gl die e o e
-the circular frequency of vibration (¢ s
L 1 wdx 2 lw ¢

S(PE), = |-——(@a)’ ==—&’c? |[Ydx...c.... (5-15)
oI2 g 2¢g 6[
pada pal i e S ja 4Bl paall (g by Jos il i gl die g AU sl Y 1 sk

1w zzL 2 1 2L
S=—wfct |yidy ==wce” | ydx
2g J 2 6[

Natural frequency f,

kil e x Adlas die Saliud) <Ll 4 (a simply supported ) .\:\.....:a,u.ll 058 Laie —|

y= (X' =2Lx® + X) coeeeeoeiee (5-17)

w
24E1
Young's modulus for 3 sasll ,_‘,.h...\&‘»\.,: Jolas E ¢ 2ganll Joholl 0ay Jo Jaadl o w lua
e cbiad a3 o aall o} Cus o gal dalia (e ol p sl (ayy the material of the shaft

A auc )HA(Q)L!I)&LE&JIQ‘:(IGL.J!

3 2
nE1D ¥ whx +é
de 203) 22
u‘.\ud&‘-ﬁn—!
4 3
Efy——2x _ wis +ex+e,
23)4) 2(2)(3)
4 3
=Z£__#Lx +clx+(,2 ............. (5_’8)
24 12

tol LS olanall Jag 5l o iy 5l e paolad (Sasy JolST il 8 b gy Cum
atx=0,y=0 ..c, =0
wl®
24

atx=L,y=0, Lo =

-230-



+(4) Aohaall Gl g2y (5) Al ey gy 0 um,ul\.‘,

gl Bas o} g gl e Jaall oA W Cua
(young’s modulus) 3 geall 33la iy jall 25l Julas o4 E
J‘,A-I-“ q.ll.\ll _)_,.Al]l e_)ﬁ I

5-1}

‘,J;M()Kuumsu,

dx = =2 + P
Jy 24E] I(x o
w | x* 2ILx* Dx’},
SN S
24E 5 4 2
1 0 3 b] L] 5 5 i
j’ydx-L L2l L Y L e (5-19)
; 24E] 4 2| 24EI'S 120El
/ 2y 2
o [y = ( id ) —2Lx% + Lx)| dx
ofy 24E] Jle )

wl  [x* alxT I'x* AL Al'x® 2Dx% ),
e e S S o |
576E 1|9 7 3 8 5 6

_ow o (3r
T [ 30 } .................... (5-20)
(5720} (5719) Ofblad 0 JS (g (5716) Abkaddl 50 f, (8 Limpeily

1 [ wl® _ST6E’] (630))

& '_V 12061 wtx310
24E1  (630)
............................... 5-21
2:: wl' 155 Tss & S
4
y =% ’Z‘r ..................................................... (5-22)
] 5 630
=12 X —
/i ZnJ {38413,] 155g
oo I =&:i al g =981 cmlsec’ .......ccoveriieinnis (5-23)
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&v_JJ.\-“eku.ad.n ,uﬁwma&doﬂmﬂuuﬁwuuﬁ\uﬂ\s
Natural frequency of free transverse vibration of a shaft fixed at both ends carrying a
uniformly distributed load.

C w/unit length

7
A i35 B
‘ i - 7
wi] g2
2 Py
(5-7) Js——a

_,.]:o.\:._,dﬁ“e_)huc.a_)‘,.\!‘(.kaudn u)qumABaJ.uJIJ).\.m
AN (e Cpes A bl (e x Ailis die y, SO eladY

= XV DX 2L ), 5-24
Yo 24131( ) (5-24)
U.Ic- ‘_LAN dn\S.'Jb
+1'x - 2Ix
Jy ‘ 24151 o '
__w X 'Y 2Lt YWD
24EI| 5 3 4 | " 720E1

( 5-24) Wad glitd oS,
A ol e x Ablae o Akl xie M, el o o el
d'y wl® wx' wix

M =B L2 2
&l 12 2 2

1&9&4&5&@1{,

dy _ wl? wx®  wix?
X = +c,

& 127 @2x) (2)2)

C1=0 O‘A;."lé“&g_, -Z—%:O M x=0 Ladie 5 Jalal s <, —.a

E]—

2 3 . 2
B WL W wix
& 12 6 4

wl’x?  wx* wL[x“]
EI.y = + -—| = |+
(12)(2) (6)4) 413

rsoal 5 e Jalilly
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wllx? wx' wlx’
T LR —— (5-26)

c, =0 oS Ay y=0 OB x=0 Laxie o aaiy JolSSh LT P O RLITEN

“Elys= %[L’x’ +x* —2Lx’]

Ly=y = S (x‘ + I’x? —2Lx3)

o [ yiax (24”]2 [t + 227 - 200 f ax

N2
- [ﬁ [l + Lx* + 48250 +28%%° - 4Lx ~20°%° Jix
/

-( w \2—£+L4x5+6L2x7 ‘QLI«B 2L3x6 &
24EI)[2 5 7 8 6 |

_[ w Y[ I
~\24E1) | 630

ngx [ wl® J[(24E1)2x630]

f yidx 720 EI w2l
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L—ia JS i3l g Juall (0 230 Calif guage 3gant 5 jal) dpa Al i 1SS (ol 23 0-6

Natural frequency of free ransverse vibration for a shafi subject to a number of point loads ahd; qﬂ

w w w w § s sey (o3 Jage AB 3saall of i

— L S 55 Dy Rea¥l (e 2ae ial

a3 : 1 Bl slad Oty (5-8) JSSI A LS i

N ' FOi ylay eyl
Energy method or - (_,Lg‘ BY R R BTN HEN R

(5-8) J5h .

.(Rayleigh’s method)
-Dunkerley’s method  J S 4x )L-

LS Al e W), Wo, W3, W, JaaW) 00 s LIS ,uamqa VisVir Vs Ve A iiad
AL Lo iy paay ALl ool ofd Gl (5-8) JSall

1 1 1 1
(P.E),.. =EW,y, +5le2 +—2-W3y3 S =-5.ZWy .....
A ADL Lie L S ja el y
1W, 1W,
(K.E),.. —-——'( ) +——-—(co ¥, ) +—-§—(a).y3)1 + e =
o’ o’
=Z(W|y|2 +W2y§ +W3y§ i )= Zzwyz

.circular frequency of vibration 3 el ol 2l A @ Cus
il g A a Al all (5 gl painy el () g D Ay b ) A8 A4 kg
(P.E),, =(K.E)_,
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Dunkerley’s method 33 A% b LU

Jeal¥h s die g 5 alilie Jan Cand p guin gall 3 genll an pall ) Fa cadallan il

ALE e IS Sy

! =— l —-l-— L+ +'l—

P f..’, fn fn
e 33 a5l pkiia Jas and g guingall 3gaall gum el 3 50U ekl 2350 A S, Cus
oAl 3 5adl el 2 A LS, LS el G A (8 \gia JS Jinal Jlall
i gl sl akiiie Jaall i el ) 5a0 el 0l o f, Ol des e ais JSS
YL VEY

w/unit length
A B
(5-9) Jsa

elaalil & AL« W, W, W, Jead) dais (S clal) 8 A LA, 4, .ete o el

gadl GO o o) alitie Jead dags ol
AL die ay Wy JaY) pliiidl Joall das gaim el 31 5aS0 el 20 1 0S50
/. _ Sl ..cps, f, —9ﬂ...c.p.s,.f = 987cp
/Y " "B
pand g o g sl Jaall das o padl a0 candal 2l )5S el

5.6
23 [ K SO TP (5-33)

Vb,

okl 25 5 W sl adf (- 4y 45 Dunkerley’s empirical formula J_Sis akal ik als Wil
A0 AL Ae il

T, B
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—_—

D e ganball 23 50 g A, =0 ol aseall 05 o g5 pliie Jea aa ¥ Lesie -1
4.987

o, = ————C.p.5
1/&\, +A,+ A +o

= _—LI Lz' ....................................... (5'3 4)
.... ..............
C.ua

A = Static deflection due to load W ()3 s¥ das ‘,Sgsllu‘x'l ¢ Lasyl
L and L,= distance of load from the two ends 43 )b (3« JS (e Jeadl 2ay
E= Young’s modulus for the material of the shaft 3 geall 33l 23l Jalas
=Area moment of inertia o the shaft 3geall FN ) saill 5 3¢
L= Total length of the shaft = L +L, 3 5eall JISI J 5k
10e (ang (T) Sigadl (o6 =3
T= 11;9.9 ..................................................... (5-35)
J= Polar moment of inertia of the shaft cross-section
a
3panl) il ) bl o 5o J=”fz
G=Modulus of rigidity for the shaft material 3 saxl 30l 3000l Jalae o jhae
T= gadl Mase, 6= GlaiV 4 ) L= 2gall Jybo, D= dpaall kb

(1)-A shaft 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 shaft is 2x10%kg /cm?.
Determine the frequency of longitudinal.

A )y gt Jaay JAY) Ciplall g 4 ks aal e ifia 140 cm A gkay 12 cm 6kl 3 gac -1
skl 205 2oy 2x10%kg /em? (the young’s modulus) & g yal Jebas 1S 13 600kg
Transverse vibration e jl i 5%l 4 the longitudinal vibration skl Jad

shall

v d =14cm sl=the moment of inertia=-;£a'4

cA=Z@=202f =36 em? , 1=2d"=Z (12} =1017.36 cmi*
4" 3 4" 4
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(i)-Frequency of longitudinal vibration skl 3 53U ekl 2 3

1 /g Jos1  4.987
Jo=— = cps . g=981cm/sec’.'. = =

2r YA / 2nJA A

WL 600x140 4,987

. = 0.00037cm . f = =220 _ 288 ¢,
AE 36202x10°) m e = 500037 e

(ii)}-Frequency of transverse vibration (gaa_yall 3} 5a0 (k2

wr 600(140) 4.98]
A= = —0.27 o =__._=95 1/
3EI 3x10°0101736) I 2 Sl

(2)-A shaft 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 (558 SN 4de Jasay 48,k dic dla Sm 4lsby < 6cm o ki 3 gec =)
3 gandt 3ol &y pall Jalae « ans¥) dieall e W3y i 7 Jelm, 1.8 m 2.8 m Adlua o
cgan) P 2 3 aa ) 2% 100 kg /m?
:dall

** d = 6cm 4 1=Area moment of inertia of the shaft = éd"

I= %(6)’ = 63.6cm’

120kg 170kg 90kg

r— 1.8m —_—e—- 1.7m —»

—_— 2.8m 0.7m
‘- 3.5m =
(5-10) Js——a0
_wlh;
** [ = 3.5m , A=The static deflection due to point load of - 3EJ]

Where /, =1.2m =120cm
L, =1-1 =350-100 = 250cm

2 2
120(1 ?O) (250) =0.56¢cm
3H2x10 X63.6X350)

Static deflection due to 120kg=A, =
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2 2
A, = Static deflection due to 1 70kg= 170(180) (] 70)
8302 x10°)63.6)350)

2
A, = Static deflection due to 90kg= 90(280) (70) =0.26cm
* 32x10°)63.6)350)

=1.2cm

4.987
Frequency of transverse vibration= f, = with usual notations.
;ZA + A, + 4,
4.987 _4.987

=3.51cycle/sec

( 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 Jeft 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%%g/cm’.

300cm 43l ie e (two bearings) J—and (i S e 4 sl (e diewa [8cm s el 3 gec—3

cn220.cm180:80cm Ailua e 5 kg250:kga50 « 280kg i il e agi sy ol i A Janyy

de o aa gl Jyhasaay < 2kglem dgead ()5 OF G ) Cilad e i Lo
:20x10%kg/em? 3 geadl Ganal A5 5al Jalas (o gl 13 5 paall 22yl

280 450 250
v d=16cm

s I=Z gt =Z(16) =3215.4cm*
64 64

B g ‘:'-'.:=:=E:E::=E=-:-=:=:==x=2- .................
‘_.l 1=320cm = 23l Jgha
o 180 J coweight of the disc at 80cm from
— i (By=W, = 280kg .
320 == weight of the disc at 180cm from

(B=W, = 450kg .
weight of the disc at 220cm from

O-1h o (B)=W, = 250kg .
Weight of the shaft w=2kg/cm length, E = 2.1x10°kg/cm
wili;

The static deflection dueto a weight W = A = ———
static deflection du weigh SEIL

2 2
280(80) (240) 0170
3(2x10°)3215.4)320)

Where [/, = 80cm,l, = 240cm

2 2
A, due to 450kg = 450L1 80) (140) = 0.046cm
3(2x10° }3215.4)(320)

250(220)’ (100)’
3(2x10°)3215.4)320)

o4, due 1o 280kg =

=0.0196cm

A, due to 250kg =
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A, uniformly distributed load g5t plite Jaall dag ngSlS:u.h'l il iy u‘-‘m Lad,
5 w5 2(320)'
" 348" EI - 458°2x10°x3215.4
N, =The critical speed in r.p.m= £, (60) D) (o 2 ganll A jall Ze jull g
Where f,=Natural frequency of the transverse in rev./sec
4.987

=0.047cm

with usual notations

4.987 4987

DN/ NS _
. 0.3458
0.017 +0.046 +0.0196 + 0—1%471

= N, = £,(60)=14.42(60) = 865r.p.m

=14.42rev/sec

(50391 saaey 4 5 a5l ) Torsional Vibration (o 6391 3 5891 080

3ad 430 g1 it 1 a0 eaddal) aa 5 dla) -1

Naturat frequency of free torsional vibrations

NN (5-12) IS LS (3 500d D R B e crm ) g e 1
adgya il (4) s pim iy aal
L q

The restoring torque Ol (A 50 (pans (alS 5 alita
d—cl 2 e 4 the restoring torque
- Mean postion il U_n CpalH ?_}._“ Jsaly e il
Jy—a by 35— aal Jand 3
o e g iy o
SLRY e Jens (= 52)) gola il
(5-12) JK2h i aal Joladl ey e il

o AalS Al ) A8l A8 (Jeas

(o= la i Y1 o salalad¥l b liasy e (b (g gbae alSH I o0 oladl 055 e il
ftle it ol ey

T q I Position afier time (1)

19"94‘-1;_)3“\]\ U.Ht pF ‘ qe-oélsﬂ U'm poe
w16 =-q6 L 10+46=0 -
;é+%o=oﬂm“mwam
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q (1))
where @, = ,[= . ==
i ' 1, 27

3g—andl o) s Jal_as 4T = —W—R; ~Mass moment of inertia o jill SN adll e
g -

q=Torsional stiffness of the shaft

deypill A8 ) B Ciiai | @=Angular displacement of the shaft 3 sanll 4541 33 4a) Y1

R, =Radius of gyration

ragllall A (e q ad oSary

LT 6 T _dJ_ o LE_m'E
"y et T Y TR
CJ md'E
o e 5.37
=9~ "1 (3-37)

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

E or C=Modulus of rigidity for the shaft material gaall 33l 35luall Jotas

:SBadls
BNl (a 4istT a9 I 4 I gl p 36 98 D 0 phdy dlacel pBiin) o bl dlla -1
4
1=WD ..................................................... (5-38)
8g
e ill bl D el 3y W s
_f_a)”___!_‘/g‘___l_’ﬂgd‘.E
T2 22N1 22N aWD?

pe il i D ¢ dgandl Sl d Cya
Adi M e il cas gy DA L gty Lol Lagplsb utin g Sy dpaad S 1o
--'awo-ﬂ-im'd‘e-'ﬂdﬁ.;¢ o Gl

32M, d}

=L L+ L, e 5-39

¢ M]‘E[ 1 Zd;} ( )
d4

L= Ll +L2 d—|‘ ................................................... (5—40)

o Jasians Uili Jpandt A Jalua f3 i Copts g ALTYS &dlise £1ja] 558 a0 pSh Spanll S 13 =2
BT u 3patl dgb uad Sg Do o by T Uyh sic spulipiy

L bt Ln?

JC 2L LS 4l (b il 90 Ot 49 530 Spandl Alla 3 el 3l 0y
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a m b 2lua (5-13) Jiaal

- > > -
j i ;
| 2
i A ‘ﬁ [k
iL g, 1, Vg, q
i
Lo O 5ad e 09 ) Dlalas Laa g,,q, Cus
L JJA.I.“
(5-13) Jeh a_ L, i
b 1 ’
La= Lll , - LIZ_ ,
1, +1, I+,
‘ .
i f=2 mEQ L) (5-41)
27\ 32L11,
ty =2 o Log | 32 . (5-42)
wn ql Jni E(II +]2)

ek LS padlad ey (5-14,b) S o pliiall (Sl 1 g3 falts =5
Kl?.

k, =k, + k,2

8, =8, =total deflection of the desk

g T .T.T
(5-14 a) s " '_k, ‘kn _k:,
1 | 1
—_— e —_— —
k‘n] h k’z
k, .k,
k’ — 1 2
i k, +k,

k, = Equivalent spring coefficient
g
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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.
580 455 a3 Jany JAY) Callly adph sal e Cadie 2120 Agby w12 o ki 3 e
0.8x10° 3 g—aadl 2ol Belsall Jalas (au50 digaguill 48 jall Hhadl) Caialic Nic Al ja lS
A A pagdall 23 Al 2 sf gl sl
P

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

J=Za' =2 (12*)= 2034.7cm’
327 32

1 =-V1)R§ 583(50) = 1478 gcm.sec’
g
CJ 08><10° 20347
Torsional stiffness = § = —[' = ( ) = 13.6x10°Kg/.cm
o oo 1 g 1 13.60°)
.. f, =Freqency of torsional vibratin 27:\/_1‘_ T =15.3Cycle/ Sec

A3 g @l )l e sgandl S uall pje Hili -2

Effect of inertia of a constraint on torsional vibations

ANNNNNNN I
3 . - B . »
x Ja‘w&—lpa_,]‘\.l_,l:.\ync.u})(S‘]S)Ml
v ey o8 4 Cadia 3 gaall SAV Gkl 4 )b
Z :f_ : ol 5 ol A o 2l 3 garlly pany
ox

gR DL Ge Cpay dx eaiall S ) peaill 5 5e o

A w \ Mass moment of inertia of the element=

1 W 2ZR = LU0y Wik, _ & 1

(5_15) Jﬁ.‘.h e‘ement g 1 g 1 ‘¢

AT A o a5 yeaially 35 5a) 48 al Ails

Ox o Y
(K.E) possessed by the element— > '1_ x1, ‘1— X

| o'x’
efement = 213

Pl LS LD A8 pall AR o Ky JalSilly

(K.E) &
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2

YToow 2
Total kinetic energy of the constraint= IT -X
0
L
Ee T
=Top |3 23 ( )
a) x - - » LA - .
;T il 251 A2 pull ¢ Apa gl AS jadl ki Caai g4 R Sy
: . !
@ KU G W ¢ ageall SN paill o e ?‘ ¢ dgand Jpb L cJshall san b 390 w

A Gl g 3 Ae

. N (P
I=Total mass moment of inertia of constraint= — R .
g

ralolaall s_,,,.au.lci.a_,hhug.._}._dnn 2l u,g&hs,(l) ua_ﬁnq_'ﬁfm

1 ] q
A G 7 cycle/Sec...........oo.coiiiiinnn (5-44)
AT+ 5

daly g 3 Laghiial 3 alt 43 3 o 5l b —3
Free torsional vibration of a single rotor system
on DAY Gishllg 4 ks aal e Cufie S gae ias
a3¢d panhll 33 sl § (carrying a rotor) Ll s Jaay
AL e ey (5-16) JSAIL Al A glaid)

1 |g 1 (CJ
= JB e [ (545
J: 2z NI 2xN 1 ¢ )
Sua
cJ W,
(3-16) Jsi 9= > =;Rg
C= Modulus of rigidity for the shaft material. 2 seall 52Lal yalll Jolus
4
J=Polar moment of inertia of the shafi= Jgaall il | sualll o5

32
dganll Jgka I ¢ d=diameter of shaft 3seadl ki
[=Mass moment of inertia of the rotor j jall SN ; paill 5 5=
R, =Radius of gyration 4y g2ill 4S jall ki Cauai
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W=weight of rotor _j sall (34
oy { 5-16) IS (oo LS B iz (Koo Sl (5855 ¢ A i s (gl dad) o B
330 ageadl MY Akl 038 ey 2aially jiall 4y glue Aadl laie (5585 0 Akl
@ Q g b e g8 e )8 Janyg agand AN 55 -4
L

Free torsional vibration of a two rotor system

LS aiha o JS iz Jaady 1590 Jesy 3 gas i il

S AaY) Gaayy o517) JSll A el A gl
(5 opblad 3B A gl ey Laxie i 3 sy
e oladl aua A A )5l s 138 o opaliata) bl
i b ALl o Jlie ol 3 5 B saly de bl
O J 3 o B a4l (rinia o el g) ALl

“ the) sa3all [P -, TR RV
(5-17y Je N 4hiidl xic &8 (node
D0 beie JS Jangy Legiiled e (fadfialagin JS 3 PN g NQUas ) iy 3 gan) o (i Sl
DY e B sy A sl a1 3500 ekl 0 58 slad (Sarg oo nd el 2

1 [

"2 \LJ,

iy

J g _ 1 d
22\ L1, 2x\L,],

L, =L,
= L (5-47)
]A

Soofo, dod (Saadi Ly 9 L, (e dSamaiyy L=L,+L, ssaall Jsh Cia

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

d=Diameter of the shaft
J= Polar moment of ineria of the shaft
C=Modulusdfrigidity for the shaft material
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o 93 pluac! SO bl daghilal 5ol 01 g3 < 3 jaad —<

Free torsional vibration of a three rotor system

Py N B ™ 2g—ac & { 5-18a) JUAIL Adnd! A plail
Q A Q ¢ ¢D—xg c(A,B,C) @_, aJl_’J c-L.'ac‘ iS)L‘.-\elr.

Baaly 3k Laf Lad g iy yhay A 5V ) a0

Ot o8 illall NS gy (e )

s SO gl g aald g oladl ey

S oaet 13l A W Gy Jia olasi

o sy Aaghiidll 02 C sy A Nl

4 I olad¥l b ,yu B sl Laiy wolad¥) i
a,

Llaal

o pasi Cua Ny, Ny die g faiall of iy
u_,%:s’_“.\!_, NZ’NI Muﬁu.\m&hﬁadﬂ‘
=5 Al ala A A sl ekl o g
'mm}q

1 1 1
= [ e | e 5-49
T, 27\ I, (L, L, L,-L J =2
1 CcJ
o e e le e e ale oo el e alolo oo o= olelsle ele o els e 5tm lelello 5-50
S 2\ L1 e
(L,-L, ) Oaadle Bl sl (the resisting torque) p gl p el Alla G4 4o gui Cua

L2 (torsional stiffness) el iV el ol—s oy «Nyand N, O538adl (L, - L, )

]
CJ_(LI _LA]-(L,—LA)
CJ[ ’L J=(L2—L‘_) A ol Y B laa S

-

2 (8

AUl ALY e Gamy (B) sl S el gV Jolas.”,

) ]
.". Total torsional stiffness of the rator B=CJ| +
L-L, L-L.
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S, =10, = Lo,
LA]A =LC1C
L.,
Ly ST

Actual node

(b)

Actual node

(c)
(5-19 a,b,c) e

D30 JS (B (s studa sSan panhll 2 gl OV Y

:0} a2 (5-50) ¢ (5-48) Cpalbaddl ya g

©(5751) Adladl (3 L, dad e papeily
On IS e 2a s a8 iy L olad oSa
iy L, el oa S B L,y L
Loy fialall auiage Gaed L. Lgd 3 ki)
O J—S 8 apadlly edlad oS 230 ol
(5-50) « (5-48) oibaal A L. « L,
oladl (3B 5 A CuJsdl o IS sy Ledic -
Sl Lagd s ama ol 2t A C sy 2aly
LaS 32 aly daic ie Cuay Y 3 aaW
L)L o3—Ss sl oda iy (5-19b) JSAl
(C) Jsadly (B) HNn o o saiadl of (g
SAgladll paialt daf JaadY gy

rabyeladl (B 5 C O sy Lexe -2
Fia¥ ol slaeoad 8 jeuA Sl
(C) JE 2l LS paal y baie die duaay M 5fY)
o=l of sle LYL, osSAladl a3
Aadl bV S B falig A sl G
Saiall leil)
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DA (o S B Ama (8 35 yme Al ) 5 R )5S0 Levie =3

L -1,
gy =t (gt (5-53)
A
DY e C sl da SIS,
L.
a, =- ¢ i
s (@) oo, (5-54)

a, =Amplitude of rotor A Zua

Torsionally equivalent shaft #) 5l £ BSal 5 gand) —6
Sg—aadl L3 Wl 1N (ilida J) gkl g Aibaa Uil 3 0S5 Baae V) aline of Aleall Slall 2
51 PR PO TR A CR WS PRV [ R RICT LY IRPPRILICY T SN LI WU
3 p—any A2 (Kay 3 gandl 1385 ¢ (5-208) JSANL WS us Al e L1, L JsHy d),d,.d,
AN M A5 e ped (sSay (5-20b) JSEIL LS L aaly Jyhy @ asly ki i3l
A Ayl 5 G polstie (aladl g 4k die T et b e st JS o ke Latie

N T 2 45y Dl e
T
(P O 0=6,+6,+0,................... (5-55)
1 2 TL T., TL, Tl.,
= + +
d: d, d, o o, o, o,
| ' L L, L L
J ‘]l 2 3
O A
s L L;O e
. ole - '| T 44 T —”-d‘ ”da
! ! i | 32 32" 3277 32°°
(a)
- Ty ,-..5_=i L, +=> (5-56)

3 geal) (A Shaill a0 d kil o b ps

d=d, J g d S5 aheid Uyl sal (g gy

O L C) dg—anll Ik of iy (5-56) Adaall i imy pailly
(b) pl Aty LS £ S

(5-20 a,b) K=
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4 4
d
L=1+ L,[j—‘] + L,[‘—i‘—] e nl5-57)
k]

2

»
NEEEE N

il e 1,1y, Ly Sk sgaad U 4 dy,d,d,

il e L, L, Ly SR (W45 0 6,,6,,6,

ach Miay; a6

il Je d),dy,dy MV e ol gl a3 b J),J,,J,
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:

(i)-The position of the node.
(ii)-he frequency of the torsional vibration.

i Ciaiy 450Kg A Ll (1595 .70cm Ak asee ok Culiaie Be A Gl 5 -5
At Ay il AS jal Jhd Ciiaiy S80Kg 4339 B sy R, =44cm 4 i gl 48 sl
Ja—dll P 12cm o skl y 26cm Jgbll DAa 6om 2 gead b ci il Je R, = 56cm
C=08x10°Kg/cm’ 33—aall seluall Jalaa oJS 13l (3 gandt J ok i) 8cm ok y 20cm

tan
Q A B Q bdiall aiiage (1)
2 cH AN 3 ankll 2 Sl (2)
(a & d, 1 d,
i "W, =450Kg, R, = 4cm

W, =580Kg,R,, =56cm

O L L L O C=0.8x10°Kg/cm’

ok o > 0
], = &R;‘ = ;—21(44)2 = 888Kg.cm.sec’

A B Jig = -”L”-Ri =&(56)2 = 1854.]1‘.’g.cm.5ec2
g " 981

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

d, =8cm,L, =24cm
O O ot ey g~ adll 3 gandl pca sy (5-272)JS2)
(b)
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Al Al b G gy d = d) o G
4 ‘ 4
d d
L=L +L|=L| +L,|=*-
orl) (3]
L ]B’]A CJ_,_AIJSL’J‘S.J‘ d‘,ln“-,h L ¢.|=\;
B sy A sl e JU AW saill 650

L 4 4
4 Ly nL=26+ 20(ﬁ] + 24[§] = 34.84cm
(c) 12 8

by

(3-21a,b,c) s JEAIL LS N aie a0 saiall O et 1paiadl aaa e il
A s e sl g e L, (5988 (5-21¢)

B s xie s3ial aay L,
“L,J, = Ly, with usual notation
_Ly,d, 1854.1
1, 888
“wL,+Ll,=1=34.84
210, +1,=43.84 - L, =1124cm

L, =21L,

LA=1—LN=23,,6cm A _)\)-\“inl.24cm uLMUJGgJSM
sed and Pl ) 3adl endall a5 May
fo=t, =1,

n
0.8x 10‘{—-](6)‘
" f = 1 f oy _l_ 32
Tt 2m\Ld, 2z 23.6x 888

6- A steel shaft ABCD 1.8m {ong 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 shaft 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:
(a)-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 OGN / m’
a—aS 640 A i—#aal 559 DA aile Je idlaa 4 1.8m gk ABCD bl [ D gee 6

a2l A jall i Ciiadg paS 860 D Adlaadl 5y . 5e 0.75 Lol L 3l A8l bl Ciaiy
ek y ass5 Lo bd BC ddea gl 0 0.5 Lelshg pab0 o b3 AB 2gandl Aiay ¢ 5a 0.95 1!

=11 ¢ps
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133 e 0.7 Wedshy pof(d) WLECD 33aedl iay e 0.6
BC Aliagll Chudiia 8 (5555 b o Aa ghaiall s pad 3 5300 3380} Cus CD Al ol (d) il
'C=8°G%-‘ 33aad 5alad e luadl Jalaa (f Jliie) o = guinpadl 5080 gaphall 2 -

AQl O -

2 © L=18mW,=640Kg,R, =0.7m
d : = mmm jz=6: mm d - ? WD =860Kg, RglJ = 0.95”?
i ' | © dy=60mm,L,,=0.5m
dy-=65mm L, =0.6m,d.,?
L, Q BC BC €D
D L, =07m
4 640
Q 1, = _gAR:‘ = ﬁi(OJ)2 =31.97Kg.m.sec’
W, 860
I, = —g”—Rj” = m(oss)z =79.12Kg.m.sec’

L =L,=05mL,=Ly =06mL, =L, =07m

syaadl ki oy (L) 3gaall L3S okl of iy
.d, = 60mm {SSal

4
sLl=L+1, L +JL,ﬂ
dl d3

4 4
~L=05 +O.6(—6—(—)J + 0.7[99]
65

d
907.2x10* _
Sli U

i

A LD

(5-22) Je SL=05+044+ ()
e o oD RSN Ao ghaidi N 83 of iz dgaall (o CD o gl (d) Lkl punily
D daal e L, Ads oy (A) Adlaall e L,

4

LA]A =LI)]I)
nL,=L, L‘— =LA[M)=0.4O4LA
I, 79.12

e 5 ganll Adeal A ylidd) L3 BC gl ciealia 8 o i) o6 13g]
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d )
Lly=L +£2- -—1 =0.5+0—'6[@} =0718 m=71.8 cm
2\d,) 2 (65
907.2(10)*
S L, =0404L, = 7i.8(0.404)= 29 cm.....(2) . L=094+ + =1m

907.2(10)" 7.2(10)°
__29i =0.06 d=1 U0 110.9mm
” V" 006

. f, = Natural frequency of torsional vibrations =

cJ
27r L1,

o, & 4

| (80)(10 )[3—2 (0.06)

=— = =10.6 Hz
27 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 shafi is equivalent to three rotor system as shown in

fig(5-23) where d =8cm,L,, =180cm,L,. =120cm. The mass moment of inertia of the
rotors A,B and C are 1200,2800 and 700Kg.cm’. Find the natural frequency of the torsional

vibration. The modulus of rigidity for the shaft materia! is 0.84x10°Kg/cm’.
Aoadl G g B e jall ANS 5 4 S e Adama bdla gy A shuf) 3 e Jy s I jas =7
po—e ( 5-23) JS—alb (e LeS il ) 90 SO i) A pliie (A5 3 ganll aa Aiiaall g ddlaadl
20 2a gl (il e 2po. paS 700,2800,1200 L& A,B, and C ity gl JESH S ) yuail

ZpusfpaS 0.84x10° capail 5akad seluadl Jolaa am . S5V 3 7S el

vl = 1209 =1.22Kg.cm.sec’

O B 981

C
Q 4 | O . 1,,_%_2851( cm.sec’

=190

[ d=8&cm 98
*» d = diameter of the shaft=8cm

d) d) L, =L,180cm,L, = L,. =120cm

O Nysadall oy dil udl s L, O Badl daa

(523> oo J5ady Ny oaiall O diluall 4 L Ayl
.C

= 0.714Kg.cm.sec?
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I I ] I
LC(0.714)'285[180-059L +120—L(,]
285 120-L,+180-0.59L,
" 1.(0.714)  (180-0.59Z, )120— L)

399 300-1.59L,.
I, 0.591% -250.8L. +21600

o L2 <3291 +21874=0

(5-23) JSuh o L. =236.5cm,L. =92.5cm
L, =059L

atL. =236.5cm— L, =139.54cm
L. =92.5cm— L, =54.6cmat
b WS kel puaga mangyViay L, =54.6cm Ab Lo =92.5cm 058 Lavie 4 Jaadliy
Baiall o Jansliay L, =139.5cm fi L. =236.5cm Lasic Uyl sy ( 5-23 b) JSI

S o—madall 0 3 WAl eyl (844 (5-23 ¢) JSAIL WS L, =139.5cm ey o (35S0 by )
fk WS i1 ) et

At L, =139.5cm
084x10° (3)
=1 ____ —224.3c le/
In =52 L 1, (139, 5)(1 22) Jerersee
at L, =54.6cm
(0.84x106{%(8)‘]
= = 358.5cycle/sec

=5m 54.6(1.22)

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, =800/b 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 = Sin .Modulus in shear
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G =12x10%Ibpersq.in.
LS iy ol b (B (o 4 Josie 3 aa] 3581 153 pmsdd 3 5 3a 8
3 D, =40in,D, = 60in Laa Spea il e S g al il 500 QIS (5-13) Jsan,
S o d =5in o—hiy L=100/b 35 all Jg—doy W, =800Ib,W, = 1600/b
.E=12x10%1b/in
Jall

L1, 1, =W, D} =(800)40)

vas= ,
I +1, 1, =w,.D? = (1600X60)

___100(800)40)’
800(40)’ + (1600X60)°

6
ngd" f 7(386)5) 122)(]0 = 32.46¢ycles / sec
aw,.Dl.a \4(1600)60) (1818)

9- Determine the penod 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.

oo W daa a g i (5-24) JS2R Onall Sl Y0 ) a3 g s e 30 4 -9
Sl Jlea) pe JSied) iaiiia
H !_A.Il

Sl ad Ay S LY N Ay e g
O gl sl Saalyy Foaaiha i ph
e 3 3aY) ae Sl eliaeY Jaiuall 4 a2
Ot £ 35— ot g g AB gumall elasY) i
Sosd a g [ ] pirte JS Jaie oy el

=18.18in

(24 £ A o (i 4, B Dyl
_FhlL
" 12EJ
Sl Dlay g dnfi Sy J S0 elindl dati Laaaal (6 3 e 05y Y elast

a :".'J‘.}.' Aa B

Fn Fh L _FK LI
A\'l = 1+
6E.] 1251 TGEI\  2nl
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. k =The spring constant =

WF ’*“’
= =__2
g8 el 6gEI

u,u:uuguu,m uug.u»mismx,mwmu.un‘nmuuunu

Wh'
. T, =21 |——— sec
6gL]

6gE]

e
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 5A. 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 eyl A€ jall 5 Jaf Ciuaiy ¢ oo 0.4 Adaal )y (5-25) JSAL Linall A4 phaidll ~10
g ol S gl kb iy — Alaal 5 g ) 25 A sl dn 33 4 Sgead) Skl iday
A0 o gl Aay e Ao gy JST gl 10° %12 seluadl Jalaay Any 3 dea g S 235k 10° X 30

5y o gal g gkl 5N e S asidal

Y/ 1174

00O
DY
BT

(b)
@) (5-25) Je ©
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a-Longitudinal vibration , J sVl 3 5"l

W. md?
A = Static extension of the shafi= —é_,A =——= -—(4)2 =12.6m’

4
- a = 04(2240§60) _ o 000143im - - f = ——\f Wfk—g
T ] 2 \W

- @ypoxaor

=1§.Ec/ _ﬂﬂsm ¢/min

A J0.000143

b- Transverse vibration (ol ) 5wy
3
.. Static deflection of cantilever A = ——

3E]

0.4(2240)5x10°)
3Box10° ]é% (4)

187.8 187.8

Jo= NO.17 04123
¢- Torsional vibration
4
S = 7
32
& 4
=.Cl (12’(]0 )’7(4) =5%x10%/bin
(5x12)32)
_1 [qg 1 {(5x106X32.2)(122) - 46.2cps
2;: wR 2r\ [0.4]224]16)

= f, =2772.8cycle per min.

LA =0.17

= 455¢.p..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 ft. 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%b/in)

(A3 g aall yhi- afle e Cufie (5-26) JCAL LS o ) dpae oGS pe dilas -1

ekl 00 gl aa gl g 20 dugyeal AS al) b Bueiy a3 L, Jahllyaiid L Jehll

(E) 2 5—andl sl 3y palt Jolwe of ol . o3l g1y o sally okl 5 a8 e OO
sy ye dea g JS 234 (30 )10 ¢
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S/ ‘,}ﬂ E‘gﬂ' }e 1' ,‘
L W S 0osh pe e o B, oo8 o Jliek
L QO 05y dgand e L, Jokd Pla iy ddlaall

O— O+, L, kb Dla 330 o500 8 (W -W,)

77777/ WL
.. The extension of length (L, F-—E-

2l AN e g 3 gend

The compression of the length( L, )=

(n, _'Wa )LJ
AE

© (L) Dla sgant b Blicai¥t = (L)) Dli sgand 8 20
WL =W -W)L,
W)= W))W, =W
oW %(0.6x2240x4x12)
T aE 26 boxio°]
1878

“Sa= -JO 00013

= 0.00013in

=16474 C per min.
n‘ - ‘_ 1]

AN AN (pe cpas WoJaad caad SO Gal eyl
_WLL  (0.6)(2240)(4*12)’3*12)’

== =0.294 in
3(30*10%) [”(3) ][7'12]’

_187.8 1878

e JO e =346.5 c.p.m
a3 5l v
CcJ CcJ
q, = Z"qz —T;

(1 radian) A 3 4al f ZUY adlall Coglladll SH  Sall-s

e e

5.q=0.52%x10%bin
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=R T2
“ S, =13.77 cycle per sec

1 [gg 1 [0.52x10°x(32.2x12)
(0.6 x 2240%20)

= 826 cycle per min.
12- A flywheel of moment of inertia 500 ib.ft’ is fixed 1o one end of a vertical shaft, diameter
lin. and Jength 3fi. the other end of the shaft is fixed. The torsivnal 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

, 1 N .
amplitude of oscillation is found by experiment to diminish to —2601" 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 | radn.p.s The modulus of rigidity of the shaft

material is 12x10° Ib per sq.in.

Atshydiagy 1 aoki ol s Ales A 0D 7o 2 g 500 A8aad I gl 556 - 12

LaS (V) ol gl o 9 Aand 37 0205 o5 Adanll 3 Y1 3 a1 L clh 3 genll JAYH Gijlall L8 3

1 . . : - - >

W% o J A il e daw e gy Mo shaa D 2als A e B (5-27) JS8

g 3l Ao pudl a5 pe iy aaid 50 o LS B Jal g0 SO A A0 i
Ay 3 da gy JSI 25L C10%12 3 geall 23l Beluadl (Jokaa | rad.p.sec Ae o die 4Gad 22yl

Wl

5 __\/— =__-_7i'_°_)_( 1)
~.q =3.27(10)" 1b.in. per radn
C 1 |3.27)00)' (32.2x12) _
s, = 2”\[ (500X12)2 =2.11per sec

‘\ﬁ 23] A sal Astae (M8 aadd cifd 3 S0 Aually
/@ AN Adaall o ) oo o AUES S da glaial
\"

10+T,8+96=0

(5-27) JK
Y PR
9+T’(0)+%(0)=0 ................... ()
T
Put g, =7f and b, =%=(27§f)2

A G i Y pany e Agl B Aal W 4 0 Cua
gy de wbany JS il 438 T o geell (M Jalas) o) i1 Jalaa g
T, = damping torque per unit angular velocity.

tY Asladll 5y 5ea e 5% (1) Aladd 238 Jay
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w"z\f, [LJ " Jor-Gm Y le

1 w,n/l -¢?
‘,'L:;—:-——-—_
" 27r—27r \J

, 27
Cxdaa gl O Anall a@l@a@é‘gwﬂmwg!ww1@x.,xz S 13y

“.L LS pialiiie
) . K yr 4 yl 4
X __Aem o =g oN-¢* eJ!-c’
X, — +1,)

b ia— e yoeddl Ser by cay by GNP 5ad A0 Al 4 A €1,
20D Alladl (e taolad e ALK 3y 3 el 90 EO A Sie g A die e A (5055
20 e‘;—'(sr,,)

1 ' 2

b, _g_02700'J322)12) _ . o
I (s00)12)°
. B)em) = =108, 20 = 2.9957 .vovescne e 3)
2;}1;, -[ﬂ]
2
2 2
. b,—[ﬂJ ,5.9.895q2 =b -2
2.9957 2 4
o
10.15
755 T
J25—5=416bt a, = !’ T, =ﬂg—(2‘—"2]—6)=64.8
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2. T, =64.8Ib. f. per radn.p.s

“* fn =The }"requency of the damped vibration.

L ) e

=0.988 =988

~ Ratio = 24

n

416

—208cps

13- The moment of inertia 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 9fi. 6in. and between B and C is 25ft. The shaft is

8.5in. diameter and the rigidity for the shaft material is 11.8x10° 1b. per sq.in. Find the .

frequencies if the free torsional vibration of the system.

ULk 2.5,7.5and3.0ton.fi* il e ABand C il 90 SO A peaill 55 —13
Aiay 8.50 5t agaxll a2 025 C sy B sl oAbl ,8 9 B Jhsally A isal o
P e i W a s A e e S aiyL C10x 118 2 gead sl seluadl Jaleay

O

O

O

(9.5-1.2L Y25-L )=

- 259 -

Ve glaiall 03¢ 5 jall A it

3
vl =—1L =12L
a 2-5 [ (4

e Juani (2) b cmypailly
(2.501.2L,)34.5~2.2L)
7.5

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



the tersional stiffness of the length L_ of shaft= q,.=%

/s

11.8)10°
When L, =19.88/1., ¢, =§T9%)0—2%.[-3’52(8.5)‘]

g = 2.54(107 )lb. in. per radn

I = 910'2240X] 2)2 =2.5%x10"Ib. in .sec?

‘ (32.2)12)
PRy T (2.54)10) i
“m 2V 22 (25)10) per sec.
- Jf,, =16 per sec or 960 per min.
.". the two node frequency = (16 159—7848 = 29.8 per sec.

= 29.8 per sec or 1788 per sec.
pAdll A e (a3 B gl A (6 @y ) radn Wd Lo iis A sl Aed)
L,-1 2386-95

The amplitude of rotor B= = 0.602radn
L, 23.86
.". the amplitude of rotor C=—————_ amplitude of B
e~ 47
= ﬂ(o.wz): —2.34radn
19.88-25

.'. For the two-node vibration, the amplitude rotor B
_L,-L 689-95

= ~0.379radn
L, 6.89
and the amplitude of rotor C= ~— .amplitude of B
e~ 492
= i(— 0.379) = 0.113radn
5.74 - 25

ol e yy (5-28) JSEN
Free torsional vibration of a geared system 4w i daghiiad N 3 ) =7
Sl s ganll pag A gl Jesy 53 (C) 543 25ee (e 9SE (5729) IS Al da slaial
o Badi E e SW o i) (Gear) ¢ se——sall il (pinion) s B sl Jeay 53V D
Sy 3 g—ae e (5555 (A (b) 5 AT IS Aa yhaie Jas of Sa (5-29a) JSANL e ghaid)

o s (5729b) JSAIL e LS AN ikl S B gy s b sal (GA )
(a)-The gear teeth are rigid and are always in contact.
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okl a8 Ll gy (Bala)  Adula (9S50 ual liud
(b)There is no backlash in the gearing.
ST PLIECT P
'U‘.)"“J .)_,u.ll“,.il_\ll J,..aill os U‘JSJ‘QS'-C
O—a S Jsh g L, L, y il e DiC agaad) 0 IS Ul a0 d,,d, o Gy
.\_L;I:l_)ﬂ‘ “J; DlC J_,aa.“
il e B faally c A sl e JSI B S geaill 056 [,
B Y A Sl G JU Ay e 4 0,0,
B Speed of pinion E
G=Gear ratio=
Speed of wheel F

w .
.G = —L = Gear ratio
@y

Oee LS dic 3y luia S5 FLE (3 JS A0 g o
Jo—hy ,dd AL yd B sy A )l
Sl 3 gandl
@) B yill (IS K A sl o a1,
(S-E) JaisY) 28Uny (K.E) 3S_all ikl oY 1 jkai
afby 48 all A8l (g gl o cany AN 24 glasall
Alal A glaidll Jlaidy)
= K.I' of section L, + K.E. of section L,=
K.E of section L, + K.E. of section L,

] \ 2 l 2
..Elﬂ,w”\:ilﬁmﬁ
@ ’ !
N o s | _ 18
« L (b) . --’n—l,,[——wﬁ] =8 m
..wA IS
Wy

- (S.E)of L,=(S.E) of L, and L,
~(S.E) of Li=S.E of L,

Are =lrg
2 Tt

(5-29) Jad
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a—bid Mg 4 0,0, @il e L)L, dsh g3 ogaall adial p il 8 7,7, Ca
Lagd gl (53 yadalall Pl A giial) 3,00 of Gasivy i i e Ly, L, gk g2 3pead
‘L):\-J.,L"":l‘ l_,.))&_l L}st

T, o 1
T, =T,w, , === s i, 3
Wa=hon . 7205 3)
J 2 (2) 5 (3) oibledd (e,
M, b U G
I, o, G 6
.-.—Tl=—’»=—‘— ...................................................... (4)
1AL e J.u.;l(q.“l Balu,:)qgm Jalaacr
T C8
e PSPPI 5
9=757 (5)
tof aad Ly ddsle (3 adaiall duilly Wl
DO st ®)
: L
i 3w (6) ¢ (5) oillad) (ya
Loh 8L
2z 3 L3 2
L _16L,
2 ]2021‘3
tod an5 (6) kel (3
l:ixGx&
¢ I L,
L,=13-><G’><L2 ................................................ (M
2
d=d, 8 C dgaall (SISl 3 gandl Hhadll O (ajbay
4
1 d
I R
64 64 1, \4d,

AV A b e e LAl oS (7] Aol
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4
L= 621,2[%-] ....................................... T (8)

2
oI geail o 813y A 0 ALY A gl £ B 3 sl 5 penl) 23 A ghaiddl o 1)y
(8) B (o haadd L, 18IS 3 anll Sl Y HLy (1) AN, dany B pall LS
s aad
(L) A8 250al Joba o i
SL=L +1,
_-.L,+GZL{%J e e srnreene e o(9)

2
fl LS oolag) (5 Agu i Ao ghinal) A V) 31 Sadl agdall 20
AN gl 23 3 8 (29-c) JSAN B LS QSN daghaidl & (N) kel of U yaef 136
QG ADD e Gang (A) sall g

= o e 10
f' 2z \L,1, (10)
A e ag B ol Y a0 adad g
1 cJ
S T o an
2 L”JB\

Y T 1 [

JSaN el Gilaadl gl (i — Lol S gl 250 SLie) 6 35 Lavie Wi gals
A sl e L) ALl xie IS A yhidd introduced Jasy o casy (29-b)

]E+G_l2 45)\...1\‘_,‘%)\,.\“ ‘J@Jq.ﬂ.ﬂ‘ J_,mﬂ]‘ (,Jp_’

il Je wheel ) (w5l pinion Jpaeoll (il (S sl pe Lea 1,0, aa
o9 eluael ED 3 Ao ghaiall 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 cm 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 modulus of rigidity for material of shaft as 0.84 miilion Kg per Cm’.

S Dl @l e s S e Aay f Jiad ey (5380 b e sy oS Hona - 14
bt Dy @ oadl cuile By 6 cm ok bl e 3 gae L jsiua iy die G sk
adpby 5 om okl (5 3 pall 3 kY eay piaall il Onle Jumy canialy L em alshy Jaadl
34 (5 S al hY lea (0 12 om 4 Aga 50l AS pall [l Ciuaiy 40 kg A ol 0y 45 cm
(L) 3 aa sl ey 28 A sl pe 526 daal (14 cm 4} Bpay g0l 350l iy kg
Hiadl skl 205 W 2 Sy e phiall Y G Baie die (g S0 (050 Ledie

.0.84x10°Kg /em? 3 geall 5ibe selua Jalae o il q_ﬂy.\\jl (WAl

[0

Speed of motor

*» G =Gear ratio=—
Speed of centrifuge 4

- sdiadly (L) sk d, = 6om Cym e Y doaad o Joll Dls sped 5= 4,
Length of the shaft from pinion to the centrifuge= 45cm and its diameter d, =5cm.

Rh=l2cm A ey o AS jal Hhad Caiany (VV}1 =40Kg) (A) é.l_,.-..J Y]

.RL,”'—‘]4 cm 4] 3__&4;))3“ ’AS_)an _)l:i‘..‘lmi_,(WB =34Kg} ‘,g_)s)&“ J_)L.“ Jlea O

o, = Wisr = —‘Q(D)2 = 5.86Kg.cm.sec’
g " 981
W, 34
o0 1 _____H_Rz S e 14 2
8 Ky 981( )
= 6.79Kg.cm.sec’

Modulus of rigidity=C = 0.84 x 10° Kg /Cm*
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() ISl rain g5 ALeaY1 A shaidll
(b) S e g5 ALl A plaidl
-:“ﬂl i (L) Aad Hundd.
I AW yealll o e 224
(S Jy ol 4lS) B
(A Sl o L} aa 3 geal

CB pinion S » Ly G

I, =Mass moment of inertia of the equivalent
F D rotor B.

5 cm dia ———J O L, =Additional length of the equivalent shaft.
! 6
_ 5

N =F=mz-= 6x16 = 96Kg.cm.sec’
A ' P
E @ B\ d 4
l E L, =GZL2[;1LJ with usual notations
(b) 6 cm § T
+ H 1 6
O sLy=|=|(@45)=| =583Cm
L gir’e 4 5
; o= Y S LR N sl o i
L Sm A e T s L awy e &l A ghidll
L, =1
w L, =L, =58.3Cm
Ly dy =Ly,
i Sl = LA = '5.2—38(;"6)
(5-30) Jsah ~L=L,=9535Cm

tg WS f, U...u.ln!l a5l dlag) oSy,

L e 084 10"[312 (6)‘}
== f—— =— = 69.6¢cps
A% A

2rNL,I, 2m 95.35x5.87
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15-A 12-Cylinder aero engine gear drive to the airscrew is equivalent torsionallv 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 wheel C,850 Ib.in? and for the airscrew D,500001b.in’. If the

modulus of rigidity of the shaft material is 12x10° 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.

ALS pal 8 a JAD jyaal oy ey p Bstieay A shad 12 0e 0380 8 b & jae 1S
e 03 25.5 « A0y 39.5 Leglsh L, L, s .(5-31a) JSAL LS A gall da gl
0.6 die oy el N5y jyoe o 3pee i A o ay 3.5 oy 2.75 Laa shiy Sl
1500 A ASsall &l jaall A_BS () 9 cl jgall (A geail o3 g A jaall Gl SH 3 gae 3
850 C =S iUyl ay e dsay 24l 54 B p—iaall i Ay day jadean g0 3351y
ol ad be e uallh Jalae (AS 1 L3y 0 i ga.2i gt 50000 D kil dpailly g Aa oG o 35 Ly
—:d—a plaiall 3 GV a0 ekl 35 A aa ] A e a gy JSE sl C10X 12 2 5ead
o A S gl o3 345 Lo gl I sl o0 Jegy Leie
2.75in ok il el A 2GS Ao plaiall 3 ganli—] =1 omal)

4
~L1,=G"1, a4 [ ] 2s. 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,+1,)

o

18000 05 gy 18000
18000 +1500 18000 + 1500

? B qA q B pD\

(66.5) = 61.4in

, £9 D >N
/ 7 |
i y % P .
7 c ., & = D
2 i e
b
‘ ! o & q
¢ . ~~| .
(a) (b) B

(5-31) 5=y
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The torsional stiffness of this length of shaft=q_, = —Lg

a

6 4
q =(]2 10 [-ﬂ (”J :l=l.lxlO°lb.in/radn

T ela 3204
- the frequency of the torsional vibration= f,

f, =_'_J§“_=-l_ (.1)10)°(32.2)(12) =84.8cycle/sec

e\, 2% 1500
= 5090cycle / min
P kil dic (e LS B' Jl gl 1818 9 (i g oo 5 2..75in o s (530 3 panll 4ty ()
(5-31 b) Jsab i
wdy =1, 41 [C? =54+ 850(0.6) =3600b.in’
2.75in o phad (53 3 gandl e die DNA G g0 CO e 0 pSiall g ABISA A phaid] 8 ALY
D' o e 3127 (A o Le 2 39.5 il 2ic B' QI 53l as 66.5in Al ghoy
Oty BN G Al o s G 3 A plaiall b Lgabimind Bane 3 Y Sladdl i D e
.in3.661¢63.15in ,a A _jll
. The fundamental frequency=84.8‘/6—ZT-is = 83.5cycle/sec
= 5010cyice /min
PADAD (e Cualy Cfaiall 20 530 o
f. = 348\/% = 347cycle/sec = 20800cycle / min
D1 20 50 Ay 5 A o Jumad Lild oy 5l JS il 3 Rah] i a2 ol
cly elad JEd a4 LS
:dalh chBada
o el olls g (5-32) JEAN, cpudd (cantilever) cid o JplSD 381 QO Jpou Je Say ®
S w5 g il el JaASY iy 1agly 4l die 535 e ABS Jaagy 059 pe

L = (w) 4-'|.)5)‘“ sl il el sa e A

AN

75
3EI
Woagal il cas Jalsl Gl e (5-32) Jsa

A

-267-



AR e O W S oal 00 8l cat J S0 A ma il ALY et
wL'
" 3E
Where E= Modulus of elasticity 43y jall Jelaa,
I= Moment of inertia (SIall ) yuaill 5 5e.
L= Length of cantilever J S J 4k,

W= Weight o).
1 G A e Cpaag k Jelas A Al J galSD) ey Al
v_w _3E
A Wl
3E]

A BSH e 0% 5 dapadl SlSgall ) ) AS jadl Ablas i 4 S AS ja Jalaa (5K
(0 ALl LS Wy k alilas (30 il y m

mi+hkx=0
el ALl Ablae Jwa i g2 Asladdl o3 Ja (59S J S Gl dal ) 4 x Caa

@, = Fcps Al a5 5% daalt S0
m

® 1 |3E]
= s e et HZ
1, 27 2z \ml’ S
27 ml’
{,=—= 27 sec
@ 3E]

ik WS JAplSD plhad o T 4l gy
LS sl p e 50Sy Bl g o sl adiiall il JpolSD A i -
pSndl g i A Dy 1=% DN
sbd\_..'a_)c-_,(a)d.:l.n::l\ qubéaﬂﬁmjuégﬂw‘tLuﬂmuﬁJ_u

3
il e (A S5y E Ayl Jelaa ]=% ADll LS (98 S ) gl o 50 ol

CE=2x10°Kg/em® o aad (el aaall Bl Dad J pil< Lgia g gicadd)

JS ) Gy -ale Jaaal Ak 3 panl) pamy DAY lag Gilia3 A& Gl e
0 e sl Ay lagia S Galad) Gaidl Jalasy il eVl Auled) SVl Gy (5-332,b)
ANy pal i Jalas Jaged ae AESHy (il Allad Dilee <l 3 Y Lt 58 cV
IS e alae 23 LS Gl a1 Adlas
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L

SGPOoen
L 4

1
1
»
]
'

Adapal o jaSlly JglSH (rarkilh ) Jalaall y it eyt (5-33) Jab

_wr A
3E]  48E]
351 48E]
k=—p
351 48F]g
J:_ g @, = L:;”, (CPS)
3E]g 1 [48EIg
=l H = — |——— HZ
S oW —(HZ) Ryt s v (HZ)

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 coefTicient and the length of the beam if Ef =10° Kg.cm® /sec? |

iy 0.25Kg Lo laie LS dislys oy sl cabuall (0 JolS 00 5 5ke Jla Jlea —17

Jabaa 2a ) ¢60cps e ganall papdall 33 30 (5% of iy (268 Oalabine (a0 ) b} JpilSH
CEI =10 Kg.cm® /sec? SV Suaiially 3 4dSH Jahay il

L M |
_,,_32 (351 ) ’3(10‘5 \/Z
m

- k= w?m = [22(60)F (0. 35) = 49692.4Kg/sec2

96924

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 090 48 Janay 1ja it} g gty ll Algs i 1 A SN geaill p 30 B Ble —17
I, P gl oo angl  °15 1Y a2 0 jlaie o0 4ok el OIS 134 (AN

:‘_L-—-—'\j‘
k, = 4 = 2(980) = 7490Kg.cm’ / rad.sec
6 /4
¥E
180,
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k, Lk 7490

— s, = > —
A £}

=2 =

60

o1, =296.75Kg.cm’

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

vibrartion.
‘;-__'IL.I“ J‘,mm ‘p_‘f- OLS bj .P.QZS d‘,L_’(\.m] oﬁaﬁm‘yuﬂﬁéﬂnw”ﬁ -\!_9-:‘]8
v 53 a0 paadal 23 50 aa 8 cann. 2840 Al gel 53l

e al
4 4
]=%A=§-l—;5(-])—-00983cm , .~ E=08x10°Kg/cm
6
k= iLE = 0‘098%’58 x10°) _ 3145.6Kg.cm/ radn

4 b s A ) f pane paS 3145.6= &, o (6l
;=3 (}8><]0°Kgcm2 / radn.sec?

f /308x10'5
=—=— -—_.— —————— =277.48cycle/
" 27r 2r 40 elersee

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

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

the weight W,
13 (5-34) JElly LS K dlelas olls Al 5 L alsh i JolS Dl B Blae W 55 19
Y
k,‘-.zlloalb/m , W=100lb , EI=2x10%1bin’(J s\
ALl e J SIS Jlon) a0 2 Hz 205 3% oauhall 033 5 Jany (Ja JlSH Job aa f
L WO RSy o8 13 Jodsl

& R

Cable e —
El =2x10°Ibin?

k=100lb/in

W
(5-34) J<2
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k
! = & = _]- “ where k“q =‘J_,._||.Sj‘_, WLJ! ZJJLSnH n.l“u'

2
I =[—]—\ (fi"-] . ok, =@,y m=(4n )[;gg] 40.87n/ in

ky JsU patdh o ol jlaely

o b Lk =692/ m
k, k. k4087
5
“ky =69.121b/m k, = 3? . 3(2"3'0 )_ 60,1218 /m
5 L =20.6in.

20- A body has a weight of40lb is vertically suspended on a steel wire of length 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 E =30x10°/b/in® Determine the amplitude of vibration if the inertia
displacement X, =0.02 in and initial velocity Xo =1in per sec.

J—< 3 gL 10%30 alall A3y pall Jalae AS 13 W 38 al 3 mal oo il aa f — Tl

A5 e 5l y (X, = 0.02in ) A1 At Y ol 1Y ) A Aeas aa o iy
(X, =1lin/sec)

J—al

W L ‘ 40 60 -

A, . = 0.04in
30x]0 x 0.002

7, ——,}— ]/62 212) =15.6cps

S0, =27f, =98.3rad /sec
X,=002, X, =1 in/sec

. 2 2
X ]
. the amplitude of vibration=_| X2 +| =~ | = (0.02)2 + —] = 0.0224in.
o, 98.3
21- The simply supported beam in Fig(3-35) has a static deflection of A, =0.1in. when it

supports a weight W at its center. The weight W is then dropped from a height of 4 =10A

onto the middle of the beam. The weight remains in contact with the beam afier 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.lin, Ssiuf el §f Gl adf 4 Gaaa (5-35) S (e LS e Jopay 15418 21
O3 (Jpl i die B=lin gl e daiu W5l cadualico e W3y puiay Leaic
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E=modulus of inertia of elasticity(psi).
J=moment of inertia of beam cross section about

neutral axis(in®).
h =Length of beam(in.).
y=displacement of beam from static equilibrium
R position(in).

A y,=maximum displacement of beam from static
7 equilibrium position(in).static equil. position.

Y =maximum deflection of beam from X axis

(in.)

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

4 'lyu k _ [386
v, = \/—;‘ = JO_-I = 62.13 radlsec
A, = 4”:?] in Lo, =0 J1-& = 62.13\/1 ~(0.1 =61.82rad /sec
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1- 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. £ =28x10°Kgf/cm®. What will be the-
frequency of vibration, if an additional load of 210Kgf is distributed uniformly atong the

length 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%kgf /cm’ and the cross-section of the beam is 3.5 x 6¢cm’ .
3- Referring to fig (5-36). Let the moment of inertia of the rotors A and B, be 62kg.m” and
38kg.m’ and the length L, 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 420Kg 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 thereafier. (b) determine what it should be if the node is to be in the plane CC' as

shown.C = 84 x10* 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 /em? .
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 materiat 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 480K g 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.
(i) 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 2 x 10°kg / em® . 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 25cm,43cm and 70cm from left
end bearing. The total deflection under the loads are found to be 0.012¢m, 0.017c¢m 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, shafi 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.
(ii) The natural frequency of vibration and (c) the radius of gyration of the armature C.

A B C
k 32¢m 38 -
m 440K g 520 360

12- Fig (5-42) shows the engine, the transmission and the propelier for motor ship. The
crank shaft may be assumed equivalent torsionally to a solid shaft of uniform 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 propeller are
respectively 6000 l(g.m2 and 3200Kg.m2. Reduce the arrangment to an equivalent three-
mass system on a shaft. To uniform diameter 28cm and determine the frequency of torsional

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

N,
motor=30K g.m’, moment of inertia of flywheel and pinion=120Kg.m’, 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 flywheel=750 Kg.m’.

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

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

Moment of inertia 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 diameler and (1.)cm 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 torsiona! vibrations C = 84 x10* Kgf /cm’ .

A
B
6cm 10cm 8cm j4cm 10cm
2d¢cm | 20cm | 30cm | 8cm | 20cm =
Aﬁ B
'+ C
‘(5—36) 4 i l
6cm 8cm §0cm d
c
20cm “‘ 18m | l6cm | 26cm |
D b g v
(5-37) J5e
! l wppl
A E 1 10cm| | B| 8cm D , =0.8m
" 30em | 20cm L, = 0.4m
1 A
(3-38) s (5-39) g
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(O-41) J 32em | 20cm R
1 B
e E [ ] ] 28cm.¢ 30cm.g
cm 1
: ; !
; |
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