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Chapter 2

Free Vibration of Single Degree
of Freedom Systems

£ 5 x IO m

@ 5t 2 1 \1/:

.8 2

on = (L) = (555)7 = 442945 redfsec = 7-0497 1y

Tp= 021 Sec = 27 /-;l , Jwt= e2t VR /2T

(i) (Tn>new = 20/ = 2mdm _ 27 ‘3%17_?{__’:
[Frew fer = 0-1715 sec.
) Vi ®
i) (’G) . o2amdm _ oamywm Lo (°'2'J—'> = 02970 sec.
new Vknew Jo-5« Vo5«

@ W, = 62.932 rad/sec ]_4;:_ . o= /2832

When spring constant is reduced , s, decreases.

Gﬁ"‘)new = 055 W, = 34.5576 rd/SEC = /k_"‘“ - /.k—S'OO
mnew m
E.io_g x 62:336 = 34.5576 , 4 - 800
% S -T— = 0:55

— 90 2
% = 1146-9534 N/
2 . :
Jo = V&2, 832 ; m= */ c2.93.° = 469534
3947-8602
m = 0-2905 kg
= loo =
k= /(mo (0000 N/
4 i/2 2k
W, = — k _ o
[F-FF- (s2) b
= 63-2456 rad/sec ¢k
. v
T = 2T _ 6-2832 . 100 N
n &, 63.245¢ = 0-0993 sec
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@ 2000
m=
386.4°

Let w, = 7.5 rad/sec.

Ve
m
kg =m Wi = [:::2](75)2_2911491113/‘111 4k

where k is the stiffness of the air spring.
291.1491
Thus k = ———— =172.7873 Ib /in.

x = A cos (Wt -8) , 72;~63hA sin (W,t-4 Y,
% = - FA cos (Wt —g)
@) WA= 01 ™/gec ;7 Th= Z,—T:=25€£, W, = 3. 1416 ra,ci/sec
A= otfes, = 0-03183 m
@) x, = x(t=0) = A cos (—%) = 002 m
costg) = L% = 55233
g = 54.0724°
k) x, = x(t=0) = -6, A )!(n(-—ﬂé): —0:1 So‘n(—5‘1-o724-°)
= 0:07779 w/sec '
© z| .. =

= (3.e4|6)2 (o-oaisa)

= 0314151 w/sed
@ For Smeall a.ngula.r rotation of bar P& about P

z G"lz)ez @4) = £ x 6L+ % &, GL)

- k
2
:.e‘) (kll)eg = (‘k, Z'Z = kz 122 )/232
Lef ‘keZ = overa.u SF"“"‘j consfa.n'é al- @ .
- _'_
L (k. D ®3
(*:1; ez 5 { ( > + ’kz f;,_ }*3
‘kcz = ] -
(k,z)ez + K3

%)+ (i:;ﬁ “
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A}

2 2
/1(62 / ke %2 L + kg ®3 £
z 2

™ (), A5+ kA5 kg 13)

m= 2000 %9 , § = 0:02 m

(3/851,)1/2 = (%%—% 72 = 22. 1472 rad/sec

Let = be measured from
the Pos‘d:lon of mass at which
e springs are un stretched. W sing

Ezua:l:a'on of wmotion is

) _ w
mx = 'k'(z-l' &.&)—kz(z-{- Sd) Wcose o
+ Wshnoe -—-- (E‘)
w;le.re S'S'é Ckl+ kz) = w SG‘ﬂ e - ‘k|+ kz
Thus Eg- (Ey) becomes mx + (k+kK) x=o0 > n= m

if. (0.05)2 (30 (10%))

L Ay By
A 30 (12)
= 163.6250 |b/in
A B .
ky =22 = 16362350 B0) _ 196 35 1b/in

A 25

keq =k; + kp = 163.6250+ 196.35=359.975 Ib/in

Let x be measured from the unstretched length of the springs. The equation of motion is:
m¥X=-=(k; +kp) (x+ &)+ Wsin 6

where (k; + kg) 0 = W sin @

le, mx+(k +ky)x=0

Thus the natural frequency of vibration of the cart is given by

ky + ko | 1359.975 (386.4)
= —_—— = = 2
Wy \/ \/ 5300 5.2743 rad/sec

Weight of electronic chassis = 500 N. To be able to use the umit in a vibratory
environment with a frequency range of 0 - 5 Hz, its natural frequency must be away

from the frequency of the environment. Let the natural frequency be w, = 10 Hz =
62.832 rad/sec. Since
Wy = '\/—— = 62.832
we have
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=mwl = [ﬂ] (62.832)% = 20.1857 (10*) N/m =4 k

keq 9.81
so that k = spring constant of each spring = 50,464.25 N/m. For a helical spring,
4
Kk = Gd .
8nD
Assuming the material of springs as steel with G = 80 (10°) Pa, n = 5 and d = 0.005
m, we find
9 4
k =50,464.25 = 80 (10°) (0'(3)05)
8(5)D
This gives
-3
ps = 1250(107) _ 24,770.0 (107°) or D =0.0291492 m = 2.91492 cm
50464.25 ‘
@ (i) with springs and *, : ?l ------- ;13 t
Let Y., 35 ) yl be deflections ov =I1 ) ‘\‘*\I
iy S

of beam ot distances a, b, !
frorn _-F-’xeal ena’.

2z
t )y ¥ =t Wty
. 2 N F
L¢e-) ('k“_> = 'k (1&> + £ —
“ l %/ z(}l2 % > l
¥ = f_’f_z G- =) T ———-____ {y
€ET Fa." - “~\\\
@ x=a, &L= GET (32 ==) h
= - b*
@ x= L’. % = :EI (4= %)
@ = 2, ?t-—- Fls
EE: \
2 2 ra
k, K3 (e 4 4, % (_ﬂ) 2
W, = ' ( 71) =3 # where *bem’-?‘f?r

m {x, (%’;’)2 + ke (%‘;—)2 + Kieam J

% (3e1) o' 3l-2)*+ x, (3€I) b4 (34 -4)*

'mfa{‘k, ot (3[-—04)z+ %, b"(gf—‘:)z + (2 EX 13}

(ii) without springs £, and %,

Kpeam _ 3EI
“n = \/—mi" = Jer
24
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@ Let x=,, %, = d"s‘p'wcements of

pulleys ¢, 2
= 2% + 2 %y _——— (E,)
Let P = tension In rope. p
For eguilibrium of pulley 1,
2P =4, % -———— (Ez) 1
For epuilibrium of pulley 2,
2P= 4%, %, -—-- (&3)

Lo o
Wwhere et ar T IR 5 kK=2%

a.no‘ g, = 4+ K= 2%

Combining Egs- (Ei1) to (E3):

P
- 2P 2P - 4P 3 - 2 _‘_'__
x=Iy t2% = 2(17)“(7;)-4 (e+32) = %
Let ‘kea = e&u.f\/alenf SPrinj constant of the SgS'Eem:
ke, = £ = %
% - —;- - 4 ,e
EZ‘*“—{:*‘O“ of wmotion of mats w: mz + kefi x =0
z wﬂ= J?ﬁ - ’_1<_
For a dispfac;ﬁent of x of mass m, pulleys I PP I IIIII I I IV

1, 2 and 3 undergo displacements of 2x, 4x
and 8x, respectively. The equation of motion

of mass m can be written as

mii+F0 =0 (1)

where Fg =2F; =4 F, =8 F3 as shown in figure.
Since F3 = (8x) k, Eq. (1) can be rewritten as

mX+8F; =8(8k)=0 2)

from which we can find

Wy = — =8 — (3)
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@) W= \J4xm

B w, = VAR M

:El’ll“&_(&L- _condh‘:(ons: A
Velac:é_y of _-Fa.l.h'ng mass m = V= J?_g ,Z ( vo z‘#" = z;ﬁ)
x=0 at Atatic czuilién‘um fws‘[f«'an . '

x’_ = =0 _ weight _ _ mg
°© x( °> - keg 4 K
Conservation of momentum: (/““"““) ;‘o =my = m 29 f

Xo= = (t=0) = s 42}£

' M+m
cOmPle{:e solution: o (®)= A, sin(@nt + )

Where AQ= J“ + <7Co > 1 _ m ? N - }1
3 fcz 246 (M+m)

¢a = tm‘ "‘o.("n = 'L'a-m
( P J;i 4 (M+T‘n>

and

position.

(&) Velocity of anvil = v = 50 ft/sec = 600 in/sec. x = 0 at static equilibrium

weight ~ mg

ke - 4k

xg = x(t=0) = —

Conservation of momentum:

d . - my
M+m)xg=mv or xo—x(t=0)_m
Natural frequency:
Sl "\ / 4k
3 M+m
Complete solution:
x(t) = Ao sin (wy t + do)
where
1
. |? 2 2 2 _2 -
=1x2 Xo _jme m® v 2
Ao =1xo + w {16k" + (M+m)4k}
and
¢o = tan™! %o =tan~l |_ 18 4k (M + m) = tan~! [_E M+m
%o x V M+ @y pe
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Since v = 600, m = 12/386.4, M = 100/386.4, k = 100, we find
1

2
12386.4) |°, (12(600))° 3864 |" _ 508
Ao =117 100) (386.4) 386.4 | 112 (400)

= tan~! [— 386.4 V112 ] = tan~! (— 0.01734) = — 0.9934 deg
0

\/386.4 (600) V400

(b) x = 0 at static equilibrium position: xg = x(t=0) = 0. Conservation of

momentum gives:

.. mv
Mxy=mvV or Xg =x(t=0)=—M—-

Complete solution: _
x(t) = Ag sin (wy t + ¢o)

where
1
2| - 1
. x| P [z mv _ 12 (600) \V/386.4 ,
Ag=1x+ X0t =12 1% = =1.8314 in
o M? 4k VikM  386.4 V4 (100) (100)

W,
1 1

¢g = tan™ =tan™! (0)=0

@ *p= D05 (ab ) kp= BT (et middle)

3
4, .

‘ke8= ‘k'+ kz

* 3E T 43E,1I,\ &
W, = )_s_s_ = (___+ 2T\ Z
n ™ \/7 2'3 223 >w

2 11
k= Afg = {f}@'“) flzorxe b _ 0- 8129 x10° N/m
20

m= {000 kz ‘/
€ 2
o= [ = <°‘3“9"‘° ) = 23.5114 rad [sec

m 1000

Xo = 2 ™E, xg=0 (Sudd&n[:j stopped while it has velocity))
2T 2T

Period of ensuing vibration = Th= 5~ = jggua = 0'2204 sec
Amrl:{-ude = A= 5:,/69" = 2/29.5::4 = 0-07015 wm

Wp= 2 Hz = 12-5664 rad/sec /7%"
3

* = 12.5664 |m

/ _ 'k/ _ __1_5__ _ g a-a sec
W, = /-—;‘7‘ _‘*m-t—i = 6:2832 r /
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Jk = 6.2832 Jm+t
= 12.5664 Jm

= 52:6381 N/m

m
Cable stiffness = k = L“-}E = i- [-} (0.01)2] 2.07 (10'!) = 4.0644 (10°) N/m

1 2T
Ta = 0.1 = f—n- = -Un-
27 k
W = -—.I' = 20 T = -IF
Hence
8
mo k40644 (107) _ 5000 53 kg

@ b= 21 sin &
Neolect masses of links.
= 412 - bz 411— 4125'4'1':2'9
(dv) ‘kez = K (———bz ) = % 412 I )i 7
= % cos*eo b ,‘
- (sfnze >
wn = \}fig = \/ik’9 COSGCZG' (from Soluf(an
- w of problem {.8
(k) W, = ’%Z since ke'Z = k.

@ y =12~ (I sin@ —x)* —1cost = \/172(0052 0 +sin?8) — (I sind ~ x)* ~ I cos®

=\/IT¢20526’--x2 +21 xsin@ —1 cosf

2 ' ;
X 2 £ xgin 6

) — + = - ¢ g
Goost Vl £2 cog® @ £2 cog® 0 eos

1 2 , 1
_...k ’__I: 2
2 7 Ty

1 2

E—keqx =
1 x? 1 2fxsind
2 Peos®f 2 €% cos? @

=xtan§ (since x’<< x, it is neglected)

— ¢ cos

with ¢ ~¢cosf |1 —

__xsgnd
cos &
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Thus ke, can be expressed as

HEquation of motion:

Natural frequency:

@ (a) Neglect masses of rigid links. Let x = displacement of W. Springs are in series.
k
2

keq
Equation of motion:

m§+keqx=0

w=\/£eg_= 5l
r m 2m

(b) Under a displacement of x of mass, each spring will be compressed by an an
amount:

Natual frequency:

xs=

Equivalent spring constant:

Equation of motion:

Natural frequency:

- \. I:q__ 8k |, b?
%"V? —Vﬁ lf —TJ
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Fi= F3= %, x co545° F . Fi
[

Fo= Fy= &, x cos 185° 4]

45°
o x
F= force a.LOnj x = F C.a‘-\'45°‘+ F, w5135 41 ofm e
+F o545° + B co5135° Fs 5
= 2% (% co5*45° + k, cos?135°)
/ke-Z'—";:Z( T—*n‘f'kz
Ezuoiaan of wotion: mx + (k,+ k)= = 0
@ Le.t O(‘: clenofe the a.hgle
made l‘?’ J* Apring with
respect to X axis.
Let z= dlS’f‘a.cemer\-f a;.‘
mass alv'nz, the dinehion X

difened by ©

¥ ke Cf)u.va.bm.t Apring

consfa.nt‘ The G”J.Valu\.ce_

o ol enongies gues
Z

. G . . 2
K, cos (o- %) = = kicos @ AX + A O Hmki)

ey = :

L=

ki(@s"a(; SEe + A X 4‘:‘3‘9)

M ¥ Mo

=1
+ 2 ZG: (Coﬁc'(;_&éno(;_ d9%6>

i=1
Natural freguency = G?h = /i:_ﬁ_

3 6
For @5, to be fn:lefenolen‘t of @&, Z K; us,'a(‘: = = & ,;én’-a(z-..(gi)
i=1 i=1
ard ZG: k. Cof X Al =0 ~(€r)
=1

(,) and (E;) can be vewritten as

6
Zk (‘lz‘*"i' cos z-() :'%_‘_‘.1 4‘:‘.("{"? cos 2«
i=

and é %. sin 2 =0
=1

k; @S 2e; = O  --- (E;)

)
Mo
)

».
n

®
’-

amd. . Sin 2&; =0 ~-° G

.
n
TS
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In the present example, (E3) and (E4) become
K, cos 60° + 5 cos 240° + K3 cos 200y + Kk, Cof 420°+ Ky cof 600°
+ K3 s (360" + 243) = O
%k, sin 60" + &z Sin 240° + %3 Sin 2 o3 + kK, Sin 420° + *, sin €00

+ k3 sin (360 + 2«3) = ©

‘€5 4y — Kz + 2 K3 05 243 = O

. 243 cos 2a3 = kz— i ... (Es)
NEY ’k""J?‘kz + 2 k3 sin 23 = © } *

L 2%3 sin 2003 = V7' (k2 = K )-(E)
Sguaring (Eg) and (Eg) and adding,
4wy = (- *) (1+3)
W okg =+ (k- K1) D> kz= l'kz‘ L
Dividing (E¢) by (E€5)s '
fan 203 = V3
S dg = _lz. ‘\‘:am.—i (\/?) =

(@) mx+(‘T +T) =0

m x + ___ T)x-c

)

8-

+ ~ (at b))

m

160 lb—sec? .
@ L= <7 “ ek , k=10 lb/lnch

Velocity of jumper as he falls through 200 ft:

mgh= ? mv? or v=V2gh ="V2(386.4) (200 (12)) = 1,361.8811 in/sec
About static equilibrium position:
xg =x(t=0) =0, Xo =x(t=0) = 1,361.8811 in /sec

Response of jumper: x(t) = A, sin (wp t + ¢o)

where
1
2_
. |%|l" % % Vm 13618811 EC —
Ao=1X0+ | = “ 0 "~ 386.4
Wy Wn k
Xg W4
and $o =tan™? ; - =0
Xo
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The natural frequency of a vibrating rope is given by (see Problem 2.26):

T(atb)

Wy =
z mab

where T = tension in rope, m = mass, and a and b are lengths of the rope on both

sides of the mass. For the given data:

1
T (80 +160) |7

10 = I 120 l(so) (160) ="V'T (0.060375)

386.4
which yields
T=—100 16563147 b
0.060375
T
when w=o, total T
vertical ‘neigH::zl+h Fe e
D
when 95 0, total ke ™No
vertical {\e.fgln‘tz(zf cos 6+¢~> T,
spring force = k[2+ - (21 s 0+ R)] mg
= Z‘kr( (1—- 3= 9) 692
= mx
For vertical egulibrium of mass m, Fe 1;
= n @
mj-l-Tz e = Ty 8568 --- (Ei> = Sin
For "\or,'santai e,am:(ibuum, Fe's ('r'_'_Tz) sn @
T = (R - Tisin €)/in o --- (€2)
From (Ez) > () con ke exFresreA as
m f-T s:'n_e_> cose@ = T; cos @
o "2 2 fese
& T, = 'mj.,.ﬁ;cote___ m5+m09
v : 2 cos 8 2 cos ©
'mtﬁ-"l .
T = E—Tisine =mx&92._ "_'lg:ia,..e__T—sme
2 Sin © sin 8
. mle® ™3
- 2 2 ¢S &
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2T, o5 ©

spring force = 2kl (1- cos 8)

mfca:' oS & — mg

_ 2kl + mg - (es)
s @ = (122 + mlos"
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This eaua.i‘wn defines the ezuilFLrt'um position of mass ™.

For small oseillations oot ﬁ;_,_ef}‘:w ESEZ ,

Newton's second faw gives -
2m % + k Y} =0 , a9, = =

(a) LetP = total spring force, F = centrifugal force acting on each ball. Equilibrium

of moments about the pivot of bell crank lever (O) gives:

20| P |12 .
F{W]::?[mo] (1)

When P = 10* ‘-1(1)—0] = 100 N, and

2 2
g arN|" _ 25 (18 | [27N| _ o ooum ne
F=mru =mr|™g 9.81 | 100 60

where N = speed of the governor in rpm. Equation (1) gives:

0.004471 N? (0.2) = l‘;ﬂ (0.12) or N =81.9140 rpm

A v,

(b) Consider a small displacement of the ball arm about the vertical position.
Equilibrium about point O gives:

(mbz).é+(kasin9)ac059=0 (2)
For small vallues of 8, sin § = § and cos § =1, and hence Eq. (2) gives
mb2f+ka? =0

from which the natural frequency can be determined as
1

1 2 7
ka? |7 _ ooy |212] 8814 —37.5851 rad/sec
Wy = = =

0.20 25
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2

‘- 2 0o’ =L , os= [+ 2

o' =TT ’ z
when each wire stretches by % let tke

resulting vertical A:spla.cemen{: of fthe
Pfai‘fbrm be x -
0S + Xg =

K, = L &
Xg = A"+

1]
e
4
~|8,
z:f
——

wd) ]
For small x, a* is nejl‘gc“e WJ t afx and Jite = 1+

and hence - ; .
B o P ) e
xg = 7+ -a;:- [ (4‘2__‘,_9%) ﬁ"-l-%

Potential energy e,zu.‘va_(ence gives

7*%"—4(7_ Y

Njo

& h°

r_ 4
X = -
Eau.aifrm o“‘ molien 0‘5 M
M ;‘: + * X =0 1/2
™ K i ( 2 4%+ &
z =" —————
I T i b
@ Equation of motion:
mx=2)Fy
ie, LApX=—2 (Axpeg)
. 2g
ie, X+ I x=0 |
where A = cross-sectional area of the tube and

p = density of mercury. Thus the

natural frequency is given by:

Wy = -
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Assume same area of cross section for all segments of the cable. Speed of blades = 300
rpm = 5 Hz = 31.416 rad/sec.

W= ke _ (2 (31.416))% = (62.832)°
m
Keq = m w = 250 (62.832)7 = 98.6965 (10*) N/m (1)

AD = V052 +052 =07071m , OD ="V2? + 0.70712 =2.1213 m
Stiffness of cable segments:

9
¥po = ?E _A (2071) (107) _ 907 (10°) A N/m
AE _ AQO0) (07 _ g7 g1 (10°) A N/m
Kop =7 2.1213

(@)
A o5 m B
\\‘\ oofm
T 2w | ©
c D
Zm

_L‘ A 0707l M

ezta.n" (oﬂi‘li)

= 19.4710°

The total sttiffness of the four inclined cables (ki) is given by:
ki =4 kOD (:OS2 6

4 (97.5817) (10°) A cos® 19.4710° = 346.9581 (10°) A N/m
Equivalent stiffness of vertical and inclined cables is given by:

1 1 1

= +
ke kpo | kic
o k. = kpo kic
ie, ke = kl;o T 9
(207 (10°) A) (346.9581 (10°) A)  _ 109 6404 (10°) A N/m @

- (207 (10°) A) + (346.9581 (10°) A)
Equating keq given by Eas. (1) and (2), we obtain the area of cross section of cables as:

4
_ 98.6965 (10 9) =7.6126 (107%) m?
129.6494 (10°)

2-15

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

?

{kl }2 =5 ; By (m)? (25) = 986.9651
m

27 | m
T k
1 ki 1% _ 40825 ; — = =4 (m)? (16.6668) = 657.9822
27 | m -+ 5000 m -+ 5000
Using k; = A we obtain

k _AE _ A(207)(10°) _ o6 9651

m ¢; m 2m
e, A =9.5359(10"")m (1)

Also
k1 AE = 657.9822

m + 5000  ¢; (m + 5000)
i = 6.3573 (1077)

—_— (2)
L€ T 5000

Using Eqs. (1) and (2), we obtain
A = 9.5359 (10~%) m = 6.3573 (10™°) m + 31.7865 (10°)
Le., 3.1786 (107%) m = 31.7865 (107°) "

ie., m =10000.1573 kg

Equations (1) and (3) yield
A = 9.5359 (107°) m = 9.5359 (107°) (10000.1573) = 0.9536 (107%) m?

Longa‘%:udtna-L Vibration:

Let W = part of weight ‘W caxried by length o of shaft
W,= W— W = weight corried by length b

z= E(onaa;(':(on of Zenj-H-. @ = Wi.Ea. }E:Youngfr modulus
! = -section
- ten: flength b= (W-Wwi (I—a_,) : A= area, of cross-sec
y= shortening of leng C AE) - i)
Since x= %, Wy = W(;—a.)
l-a
x= elongm‘:fon or static Jef[ecf:«‘an of lenj{'k a = W:E(l_ )

Considering the shaft of fength o with end mass Wi/3 as a
SPn’n3 -maSss SySfem »
1/2

“n = ‘/Tg B ( {ii?ia.)
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Transverse vibration:

spring constant of « fixed — fixed beam with off-center load

- g = 3ET £ _ 3€r f°
G} b3 a} (!—a,)3
_ /& _§ 3etllF . af
Cﬁn— E = {____————"W a}(g_a,f . WL'H"I I= (’TT /64')

= moment of mertia
Torsional vibration:

15 §lywheel is given an angular deflection o, resisting
torgues offered by Qengths @ ond b are 678 and &3°.

@ b

Total resisting torgue= My= GJ’(%’;*—{'—)G

My i wd*
«{ = —6-— = @GJ (—OT -+ -i—'") W"lere J= T?-__ = Po'a.r
moment of inertia
i
Ga= |2t = (6T (L++ /e
Jo 5 (a b

where J5 = wnass pola.r moment of inerti of the f‘.jwﬁeel.

Mg, , = equivalent mass of a uniform beam at the free end (see Problem 2.38) =

3B =33 {1 (1) (150 x 12) 283 } = 0.3107

140 140 386.4
Stiffness of tower (beam) at free end:

1
_3EI_ 3 (30 x 10%) (7 @ (1%))

k
b3 (150 x 12)°

= 0.001286 Ib/in

Length of each cable:
OA = '\/; =1.4142ft , OB = '\/; 156 =21.2132 ft , AB = OB — OA = 19.7990 ft

TB = VTA? + AB? ="V 100% + 19.7990> = 101.9412 ft

AT __100 =5.0508 , 6 = 78.8008°

tan 0 = -
AL Y= B~ 19.7990

Axial stiffness of each cable:

_AE _ (05)(30x 10%)
¢ (101.9412 x 12)

Axial extension of each cable (y.) due to a horizontal displacement of x of tower:

k

=12261.971 lb/in
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6’%=€2 —{-xg—-25103(180°—9)=€2+22]‘-26’ch30 ’
2 T ) /
X
or & =¢ I+{-§-] +2?~c056

~eli+lX 4 (2)—cose
Ye = 41 —{= = 9 (2

=¢ 4% cos 9—5-—2«:03 g
Equivalent stiffness of each cable, keq 05, in a horizontal

. direction, parallel to OAB, is given by

. 2
1 1 ) i) _ 2
5 ky = 5 k.08 x ot kyop =k [7J =k cos® &

Equivalent stiffness of each cable, keqx, in a hotizontal ‘ é 9 ,%’k
direction, parallel to the x-axis (along 08), can be found as - w,;/’“‘

koge = Kigoz ©08” 45° = % Fegon = % k cos® @

(since angle BOS is 45°)

This gives

k. —;— (12261.971) cos® 78. 8008° = 231.2709 Ib/in

2
In order to use the relation k.,  =ky +4 kg, ( yY'L’ ] , we find
L

vu [FLIBL-L) sEr|_LiBL—Ii)
L - G;EI FT3 2L
100 (3 (150) —100) _ g 5185 . Thus

2 (150) L
kg, , =Fy + 4 Ey, (0. 5185)% = 0.001286 + 4(231 2709)(0.5185)*
= 248.7015 Ib/in -

b -
4 ? Y o

Ly ] *
e L --—-=—>~{

N'at al frequeney:

1

—

ke |2 [2487015

- ) = 28.2923 rad/sec
— 03107

—_—
by =

Degeg
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@ Sides of the sign:

AB = V8.8 +88% =1244in ; BC=30—88— 8.8 =12.41in
1 . s
Area = 30 (30) — 4 (—2— (8.8) (8.8)) = 745.12 in

. — 3 .
Thickness = —;— in ; Weight density of steel = 0.283 1b /'111 l" 5.8 L"l

1
Weight of sign = (0.283)(5)(745.12)=26.64 Ib

1
Weight of sign post = (72) (2) (Z—) (0.283) = 10.19 Ib

Stiffness of sign post (cantilever beam):

3EI
k="2"—
A
Area moments of inertia of the cross gection of the sign post:
1 13 1 4
e =17 @) (3) = 35

Bending stiffnesses of the sign post:

Cepp,  S@OONE)

= 40.1877 1b/in

e 28
3 (30 (10%)) (557)
_3Be 384 o 0.6279 Ib/in
v e 728
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b4
5 b b, _
k= 5.33 25— G1— 083 al 12&4‘

als for Design, McGraw-Hill, New York, 1984,

(See Ref: N. H. Cook, Mechanics of Maters

p. 342).
Thus
1 1 ()
i 8
W) 5 (10%)) 41 — (0.63) () |1 —
k, = 5.33 _ 28 (115 (10%) 2 S
— 1531.7938 Ib—in/rad
Natural frequency for bending in xz plrax_le. .
1 (40817 )%
ke |2 _1{gp.64) t = 241434 rad/sec
== L 386.4
/
ing i lane:
Natural frequency for bending In yZ pr an 1
0.6279 ]—2—
= EZ”_} =412664}| ¢ = 3.0178 ra.d/sec
A l 386.4

0.283 | {30} {503 (1) + Ly (30)} = 24.7189
3 S S —
Ioo='LsL (b*h+h b,)—[386.4‘[3“ g’ 8

Natural torsional frequency: .

1
k |2 = w 2 = 7.8720 ra.d/sec
we =11, | T | 247189

ration (close to resonance) is torsion 1o Xy

Let L=*.

plane.
Thus the mode of vib

. @) Pivoted: . e .
( ) 4: = 4’ kCn(uv" = 4 (ET;>= la !u.mns
o Fvee madd M t A(#- WZ&t O’(r co

e e (B T B % T
T
4

Natural freguensy of horisan'taf- vibration = 3(%+mefﬂ)
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(b) Fixed:
Since the jofnt be{WeE,h colurm'l o—r\o' £lOOr

does not permif ro-a‘:a.:t«'on, each co(urrm

will bend with nflection Fon‘nf‘ at middle.
When force F is applied ot ends,

x= 2 F(%)s = Fﬁ;

_......-’vF

e e

N

F
3EI 2EL 4,351
T = umn = __—‘3—-
kcolumn = rz:ei > kez = 4’ ko:‘ K

nd
Let "epep = effective mass of coch column o top e
Egua;é.‘an of motion: (%{— + ""eﬁ2> x + ‘ke& x = O Z7EL
Natwral Freguency of {.oriso,—.{:a,l, vibration = &,= EYaC:

(5~

EiJCe.c‘l‘:ive mass (due to__s_e_‘._f___\_ﬂ_&:_&'gb:b_)__; a E:/I, £, m " l

Effect T e — _ o~

(w) Let meffi = effecf:fve Parf of a‘—-— x:*z_\“‘\ F
mass of beam (-m> akt e,nap. 5

Thus Vibrating ‘nertia. force ak end

'S due to (M_‘.- QmC,C;iv' ‘ ‘ e
Assurme o(ef/ecfl’on shape Jurinj Va‘bro.:::iﬂ Ssame
static afefle,c.{’nbn ana,};e with a 'bcd: /o : - xz (3{17‘)
y(z,t) = Y cos (c&ht—ﬁ) where  Y(x)= .

ceI
i = Flg - i o Je/fletfu'on
Y(x) = EY,E;, x"(af—x> where Yo _{Ei__ma.x b
? G
y(x,t) = _.Yia. (3" - x ) cos (nt—¢)
2l
Max. strain energy of beam = Max- work by force F
2
= J?:F‘ro=%%yo (&2)
Max - kinetic energy due to da'sfriku.{-eo? mass of beam
’. « 2 ’ 2
=% 7 t dx + £ M
z J: ¥ (% )}ma_x = z(ym :
2 2/ 33 Loy, M Ez)
= Loy, (.&Bm + 5w,
33
. = 0 = ¢ 2357 ™
© TMepf1 T o °
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2
(b) Let Y()= etz x+ @y W ay X
‘W © =0, Y()=Yo, jY(U =0

Y(O) =0,
3
This lea,a[s 'L'o Y(x) = 3£Yo o — ?_:_;3_0 % E

B2 = Yo (355 -2 .%—> c.oS(asf"?‘)

ANANAY
A
|
[}
|
< —

Maximum strain energy = —'i ET f E—;—;) ax
GEI Yo ° (Es)
— _____3_———
A=
Max. kinetic emnergy = + M Oy Y + JZ( >Yo _r >
(m+ ———— > <E€>

12 m = 0-3714 ™

— N =

Teprz ™~ 3

Stiffnesses of segments: 2
Ul 2y _ T (92 —1.75%) =0.7363 in
Ay —4‘(D§—d1)— 1 (2 )

Ay E;  (0.7363) (107) _ g1 3583 (10%) Ib/in

I

ky = =
1 L, 12 2 g
A, =~ (D} - )=—(152 1.25%) = 0.5400 in
, =
4
Ay Ey (0. 5400) (197) _ 40 (10%) Ib/in
ke =1, 10

‘ 2 2} — (.3436 in’
A3=—1£(D3 d’)—-—(l 0.75%)

AsBa (0 3436) (107) _ 42,9516 (10*) Ib/in
ks =1, 8
Equivalent stiffness (springs in series):
1 1 1 1

k3
—4 o 0232820 (10~
10~*) + 0.0185185 (10 )+
= 0.0162977 ( ) or keq = 17.2122 (10*) Ib/in

m—

4) = 0.0580082 (107

Natural frequency:

'\/ Keq ‘\/ keq 8 '\/ 17.2122 (10%) (386.4) _ oe7g 9157 rad /sec
= 10
m
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AN ' [
@ A | Tw= 2T )
S ; .
joe— 1 1 . : . -
*y LY R = = + . ' 0/S = 21T ZZ
e—AAAN—ANA—S totak K, ‘ :
- -g. & = - 4, = 2K : _o
i—i —l__ 2 _’| k’l’ot&l -'i"-—-k 3 : % - z_n_
‘kz=41< 3 ——'———‘=_'__+__l__—|_+_!_=_—|_
3 T 124 )
= 4 = _L. 13
Tn= 2T \1"‘:" where kef/_ 4 & + = ¢ 3
e&Bvr'n 2TV [m 275(#)-9-4330 sec
L Ch= 2T 2z = T - 4
vy | |W
Let /U’= cacfft'c,-enf of fﬂcton ,“F; iG*Tw Iqu
"= a\:s'ple.cemenl: of €-G. of A G .

block TF, ]'-j @
F1,FZ= net reactions between x__/ _
reller and block on I"— l . ——l
Lleft amd right sides . o
Rea_d:.ons aa'k Ief{: a,nol Y‘Lghi‘ dug to s{_-a,-f.c Lia_c;(‘
w (C 7‘)/26 and = W (C-f- “)/zc respec ively.

M= moment about G due +s motion of block = (M Fg_—/*FB?; )
Reackions ak hg{' O\M‘! right te balonce m= m _ pe(fe-

2C 2C

F = ‘1’_%6_52__ A (R-F) ., F= W(;:x)+ pe (P Fd
subtraction 9ives F - F = L\/Eg_c_ + /"—%'(Fz—ﬁ)

cer R-F= R (T ,m. - ‘:’;a.
Restoring force = /u(Fz- F) < £ /L@
Eguaj:.on of wmotion : /uw Y

C“/““‘)
W

RN vf( f/*“) - jo«

Solving this, we get = [cwy/ (g +>@ ]
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From problem Z. 4,
Restoring force

SPrtng YES"L'OT‘L'nj force

—3

Total restoring force

Ebua:han of motion: —-—- x +

-F) =
without springs= /"‘(Fz )

Iu.W

[pW + 2% (c—/w)] ¢

x
pWz
C—px
2 kx
x + 24k %
-——/ + 2 %k x =O

c/*‘"

(‘S,ﬂ:(,s:{

Solutron

- r v

W We — 2%2¢C

P

o:F this EZLLO«{'«'on _9|‘ve5'

-

Wg + Weeta —2kg®

)

(386.4)

" 10000.0
“ = M 3000.0

(b) When the auto

from its static equilibrium position.
%y = static deflection (elongation o
_ Waue _ 2000 _ 050
~  k 10000
% =0

Resultant motion of ele

x(t)

where

Xg

2

Ag =1x0 + |—
° Wp

: Xg Wn
and ¢g = tan™*

J
Hence x(t) =0.2 sin (35.8887 t + 9

(c)

Maximum x(t):

a———

— 35.8887 rad/sec

mobile is dropped, the electromagnet moves up by a distance (%0)

f cable) under the weight of automobile

ctromagnet ( +x upwards):
— Ag sin (wy t + o)

=xq = 0.2

b

= tan? (o0) = 90°

0°) = 0.2 cos 35.8887 ¢

x(tnmax—Ao =0.21in

net
Maximum tension in cable during motion = k x(t) | max + Weigh of electromag

— 10000 (0.2) + 3000 = 5,000 Ib.
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(2)

(b)

(c)

()

\
e T . T T RN

Newton's second law of motion:
F(t) =—k; x—kg x=m% or m¥+(k +ky)x=0
D’Alembert’s principle:
F(t) —mx =0 or —k;x—ke x—mx=0
Th‘llS mii +(k1 +k2)x =0
Principle of virtual work:
When mass m is given 3 virtual displacement &x,
Virtual work done by the spring forces = - (ky + ko) x &x
Virtual work done by the inertia force = - (m X) 6x

According to the principle of virtual work, the total virtual work done by all forces
must be equal to zero:

—m¥ & —(k +ky)xbx=0 or m¥+ (k +ko)x=0

Principle of conservation of energy:

.2
T = kinetic energy = —;— mXx

U = strain energy = potential energy = —lé- K X2 + —12— ko x?

T+U= -%—»miz + -}2— (kq +ky) 2 =c = constant

%(T +U)=0 or m%+ (ky +ke)x=0

=(¥)

v

2-25

© 2017 Pearson Educati
_ cation, Inc., Hoboken, N i
exist. No portion of this materi : T aoroduced oy form or o
ne., Hobox _ . This material is protect i
y be reproduced, in any form or by any meansp withoi?puenr(rjrirsjilcl)C(')pynght o the obiehar”
, n in writing from the publisher

Mechanical Vibrations 6th edition Rao Solutions Manual



https://testbank.online/books/9780134361307-solutions

Equation of motion:

Mass m: mg—T=mX Eg
Pulley Jo: Jo 0=T r—kar(0+06)4r
where 6, = angular deflection of the pulley under the weight, mg, given by:
O = ——2— (3)
mgr=k(4rfg)4r or Vo=

Substituting Eqs. (1) and (3) into (2), we obtain

Jo"=(mg—mi|i)r—k161-2 6+

=) 4)
16rk
Usingx =rfandX=r 6, Eq. (4) becomes

(Jo+mr?)f+ (1617 k)9 =0

Consider the springs connected to the pulleys (by rope)

to be in series. Then

1 1,1 or = s k
xS
Let the displacement of mass m be x. 4
Then the extension of the rope (springs T
connected to the pulleys) = 2 X. From —
the free body diagram, the equation of T Y
motion of mass m: L

mii+2kx+ke°.(2x)=o

or mii+—§—kx=0

T = kinetic energy = Tmass + Tpulley

. .2
=-1—mi2+—1-J092=i(mr2+J0)9
2 2 2

L =31 t = Llyqer?) e
U = potential energy = o kx: = 3 k(4r6) 3 ( )
Using %11? (T + U) =0 gives

(mr? +Jo) 6+ (1617 k) 6 =0
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1 .2 1 .2
= kineti =—mx +=Jo 0
2.48 T = kinetic energy = 3 3

1 Kk x2
U = potential energy = - X3

X = i ing = 4 r 6 = 4 x. Hence
where 6 = = x, = extension of spring

(16 k) x°

o | =

J 2
T 1 0v:2 .U
2( r2)

+U) = 0, we obtain the equation of motion of the

i lation 4 (T
Using tthe rela Tt

system as: | ;
0 : _
(m+—r—2-)x+16kx—0
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(w) S{:..ff'ness of tke cantilever beam of W

{ (kp) ok locnﬂcncf& the masg :
Ef)

3EIL
*p = __.2_3—
force F o..PPln'eJ o the vrass m

Since any transverse
is Selt by each of the three springs i, k, ord K3,
oM the springs (k> ®2, %3 ams kL) can be
considered fo be in series. The egu:vM Aprivg

c_onsfa-h't ’ ‘kez > o} The sY stem 1S 3'«ven In:/
l

! ( Ao+ 4 —
k.. - Tk t, K3 Ky
e’ ' Ky kp + *) K2 K3
k, %3 Kp T k) k3 kp t ¥iF2
) kKo K3 Ky (E2)
Y
’ k, kg k3 Ky

kep = %y & K, t

7 ko k3 Ky + K Kz kp + kKK KL o+ 1 z*zm)

{regue\ﬂ.j of vibratron of the

)] ch:urd
» . b
t is given bY
o f (E4)
N
where ke% is given by Ea-(E‘a)- |
Ezuivmleht 4
System e&
m
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20

B m Grven

A aj—* *® %’ € system
nd: - S

To f“no\ the Atiffness of the 3giv

(i-e de flection produced ok’ C byw force F o_ﬁ,rﬁ.u'

gollowing Gw/ﬂ"e,r process :

. 538"8”‘\ @_k Fot'n*C

ok ), we use tke

Fep 1: Cotidan o conli :
sTer ort o B) amd Fnd

R | ok C (w‘,ﬂ?ou{’ Su["l’

2 ()
s(x)= L% (3l-%)

el > E (o8 ) (3-09)
Qa X—G— = o _
$g =@"ﬁ" x= @) = -Fgg'r. (3 ) 6 ET

- 0-2347 F/EI 23 (2) @)
2
D S IR R S T/
5. = @itk 2= 1) = 5 CEL 5
Ly = &,
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¢ o c.o-mtzb\ﬁh Leoa awilh frce P
n Ukwo.ra\ Airech'on> o b-m,Q

Step 2: Canside

oz ot B(

sy = L 2> (300 =) )
GET 3 P
Fa.z (20-') :E:_P__(_?-'-f———} = 2:'!'1.‘.','51—' (s>
S - 66]: CEI EI
) = pa’ (3%~ o/ ©)
*®
SBC( GCET y o.>
ok x={) = fo (347
5c = . cE” 02341 P (7))
P(a3®) (3-08) ="
cEr d to camil

) the valwe of P neede

step3: Fin |
n Egp. (2)
SB(.’n Ea'(‘-‘}): —-SB( g ¢ )
e M= =T T R
ey, p= - | 3749 F

new VQMU&%M%&&_WM

Si'eln 4: anA the

L{, in oX C ( L}j ustna Eg.
pa4 (-137A9FD __ 0:3227F (3)
_ -
b ° - step 2 with
L-P:— 2 . og' CP ;
he deflections
tep 5: Superpose t ‘
s ePr (.‘n Pp\e.ce o} l’) + obfetn Zer; a‘ak&ve:m
o '3227—___ E. , (3)+
oJf B QJ\'\A {0'3333%1’ ° EL ( 3

Ei.(q)) = 0-0lo6 F = 8|’52}

E1 | ont C (9.,
TkuswefanMchrkk ( >

OIO'OG -— °
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The stiffuaess c’& He beawm (gc'ven '5‘,15'{'9"‘) due b

f—u\'ceFaTa((LU' ok C is
F

o = £ = EBL = 94-339¢ EI
c 8 0.0\06 3
o ® omd I = - (0-057(°'°5>
Here €= 207 xlo Fos =

-8
= 52 x1t0 'm45 EI-= o7, 847

Nofunal (reguercy ot the #gﬂ’aw-“

(9. = 'kc _ f;q-nqé((ov,szn)
" ™ 50

- 451.0930 rad(z
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—~ A .
T L

Deg{zcj:m § due to F: .
83(”‘)'-:—‘:5“ (z—fl, Q>
A

eI f
. — 1.0
AL }oo.‘n"' B: _ F(o»z)(o-sj (o-éq.,_o oH )
SB cETIT(vo)
o-oo%BB‘ij
EI . er
stiffness of beorm o B = : = —— 33T
B
e kB= u-7.|215 EI3 ., y
™
Here I = —"E(a_oas) (Ooos) = 52.1 xlo
and e:zo7x|o9n. X

(521 % © Y =107, g47-0 N-m
N

12,638,920°3 —

9
E-;;Q;_o—zxto)

- 1375 (107,847:0) =
kg = N7 |8 ( g

NJMW% J&'ﬂ:’e WGM-

J/ fzgg? §g20°3

_ soz-7sgs red/s

1

WO
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P

| A
OJ:Oogm

LS Y.
L=0'2wm :: o 17‘ s
— K
y - F b x" {gmg._g(?.a.‘l-b)}
AB  cpr f?
y - rcoz)(as )_{3(03)((0)_08(3“8-(-02)}
. cer (VO 3¢E F
0 32) 000 22>
= cel
F €I _ 732 423 EI

kg = Ya "~ 5001365

m = 50 “3
ET = (207 %10 )(

- (O 7847'0 S m

_ 324219 (107847°9) =

65
\FB‘ \/’7&98‘? sol:

ra.tl//g

i (o 05) (o 05) )

N
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— 3u—%

g = T2 (3079
2
_ F (or8 ) (3*0-8 __o,s>

3:3 = ’yAB ,,,.: 08 GETI

_ o-l7067 F

- EI
, . F __E? _ 5.85937 ET
B-~ _Ty_'B_- q.‘106.7

m= 50 k3

ror wied> f (o o)

ET =
= 1o T78471°
«. = 5.85937 (107,840 ) — 631915 4764
B ) LT
g [¢31,915- 4764
@ = sl J 50

= 112 4202 rad /.

7|2
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CH S

1: o-8m
£ s~ a —»
Qs =0:2WM™

£+ o "
> X

Beam on Simple supports with overhang:

yc'_' '_If__o; (L+a?

3E1I
F (0'7-27(°'8+°'27 _ 0.04 T
) 3ETL 3EI
k= 5 = 2E2 = q5e1
C vy 0-04
C

3
75 (207 xlos) (—.'-2 (c:05) (c:05) )

N
75 (10 72,847-0)= 808,852:5 7

)

5250
= 8:08 8, - 401. 2070 ra_d//g
50
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@ Ezu(vaa'eh'l‘. At&ﬁ'ﬂ-m cq. M"? « oJr ﬂcca.ﬁcnﬂ o’b_

mall wmi
b
A J
X ' :
-~ - 0'8§ ™ b:o*‘z.m__,..%
= ﬂ:{m ;;.4_”
beam osfrmed as ra}.‘a bap B C
A \ : ;
J
“a ;«f *

o 4

Assume tke beam ot @ rigid ban ABC 4m'n3e.ol ok
Pou’nJ\' A to find the Q.UAVM /(;aé/b—m—f ot ApHng
& ok point B (4g). Lek the egpivelad £pring
m\z{(&d’«}kwhmlrcoﬁﬂ'afBbe kg .
Then we e,?/u.w& the moments created oF poin ’
b(y‘l‘ke Mﬁf—ww b k ok C amd the A7)
fdrce due bt kg at B

’kcacﬂz‘kB SBW kxz

L.h - %2
e 1‘3 = M Se _g__ = & — ";'/ g
-;B- o ov i
2
= |oooo(d z> - 15625 N/en
0-8
Spring constant ofs +tre beam oF Locaﬁmo’ﬁ—

madsi mi

For S:MP‘;Cl‘l'y, we 4—

Auppo rt. This permivs
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otiume thet the Apring oF €
te c_ompu"'a..{'-'on of
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the %VM ApPving conshandt of the beam ABC
Sub‘eded to a fovce F ok B.

« = F

beam B

Bea-rl‘l 2 B

beam, B
4————&:0‘8___?<__b —_
m To:2m
< — l: im — 5
2 2
SAB () = &_xﬁ, {30«1—- x (30,.{.],)}
¢er1 f
S - F (°'22)(°'82) g 3 (0 8) ("0)—-008(‘3’:0-8-?0-2)}
LQO.M_,B cet (13)
_ eic0l363 F/ET
o - £ = _E= = 732-4219El
beam, E Sl:ea.m,B 0-001365

9y 3 _ 9)(52-1::(;8
EI= Qo7 xio ) 12 (0-05") (""05) —<207 x10 |

= (07,8471 0

- T132.4219 (IO'I,QLI'T °>

\i

kLm B
_ 78.9895 x10° N

Next, we consider the twe springs kg amd K |eam, B
t be Panaﬂ:i ko fthat the eguivelent Apiuing

conthomt of B, 1‘egB , '8 given by ]

6
4 Bz'ka.,.kbea B = 001562 x10 4+ 78-9895 x1to
€p S
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o kegB

g
_ 29.00512 xt0 N/w

23

Natural freguency

Wy,

—
-

of vibration of the S’jsfem:

é
/kegn 700942 X L0

1580 . 1024 rod/4
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A%——wosm %

s.‘mp\y SuPPor{.’eo‘ beawm with o overl"\a\'\g

F
2 - ——
5 = il’a(:z-‘. 2 K= ¥oeam ot ¢ ” Se

3EI
b (b

i

S
- 207 xt1o Pa

m
\

C )3 (xie " o
. 1 (0.05) (0'05 = 52
I= 55 (o-05)

3 (207 xw Y(s2: lst)
(o'o‘f)("’)

8088525 '° N/
k. = ef}"WM A gress otk oF €
ey C

(0,000 0
1(‘0-\- %« = §,088,525-0+t

L

= 8,079,5?—'5'0 N/m

Na,{'urol ere?/“ﬁh‘—j of vibyration c} the Sjsl'em:

Wy, = /kegc 8099 5250

402-4556 vad/%
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For O mm:-e-h Leawm , e
‘kl: = kbeawn ok C = 3

3
3 (0-06) (0:05)
iz

9
3 (207 x1e )

13

=eaavMW‘\5cMEﬂxﬂkc

ke C
v o + l0,000°0

= 'kb'("‘k: 323);""
= 333a51""° N/m
Naturoh }Te%uemcj of vibration of tke

_ *eo C 333,54!1'0
On” \J e:,\ =[ 50

_ g1 ¢151 rad/s

/Sj stem:
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A B °
i; ot j + on‘gu‘no.l
4

system
o o =0-8 m b 4’|

1[&3

Fc'nala‘n,
ke
m
?A { N ¢ Esm'thwP
y, =im 4> e be |
#y, Ko TIEET
Y

Assume the beam at o rigid ban ABC hinged of A
3 'F\’fd Hre Qv&i\{a-’.b\-t ,(/C—W GB' 51"'“3 i O-Z-A
P°:"k C (kcj' We ef/““il the wmoments creat
the Apruing fhce duz B % ok B

o"fd\—Aby
* —S—ofc?—eq-“’-—ﬁ'kcau*c:

ond the Arrtnﬁ
kc ScL - ‘k SB o

2
koo * 52 2 - ke = kX
1°€+ C SCQ egl £

= (0000 (6:64) _ g4oo N/m
«*) N

kp = Kpeam ™ stiffness constant o the beow
ot mass m 3
focetion 2t .08) (0+:05) }

9
3ET 3(201xlo ){'fz("
g3 (1)
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k, = 323,541'0 N/

Ezuivdeni' Apiung consbamk ok Locoiom off mats (mM):

«ez = 'kb"' kc

323,541.0 + 6,40000 = 329,941°C N/ee

-

-—
-

Natural freguency of vibration of the systew:

_ [keg _  [329,94l0°
O = ™ - \ 50

g1.-2331 rad/s

]
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(@)

(‘:) Ko = — 20 MM,

f)c('('): ACOS (wht—'¢> (‘)
& = 2000 N/m: ™= S-kj

Wy, = \‘—4‘— = ‘{_____2000 = 20 ro-ovxs
" m 5
1 2
2 ¢ 2 2 - o
A= {3‘0 -+ (:o) } , ¢ = tam (xown>
h

x, = 20 mwm, K*,= 200 rm-n//s

-

o
L
A:{(203+<22000 )2}2 - 22.3607 e
-1 200 _ —1 (6.5
¢= for 20(20)7 - -{:M (o )

26»5650" oxr 0+4636 ro.J

-
-

Since ‘oa““'\ x, onnd ';(o one Fosi{-(ve,
n the ;Fa‘rs'l: Zua—a\ro.n't- Tl«us thke resd».:cmse a;F

‘lﬂ w{l( (x‘e

the SyS‘te.m is given loj Ee.(l):
x ()= 22.3607 ¢os (201‘:-—0'4636) mm

io = 200 wmm /4

A
A:{Q-zo)z‘f(%%g)z}z: 292.3607 wmm
- ko' 200 N\ _ tawm ' (-9°5)

’ 2oy (2e> ) ~

- _2¢.5650 (ov — 04636 rad) &
(53- 4349° (ov 2° 6780 rod)

i , & Lees in the Aecond
v.o.n.n’n-a.ﬂd v Thus the TW of the Aystew

(s

x(&>= 22.3607 =k (20t ~ 2.6780) tom
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L]
—

«©) " = 20 mm, Ko — -’?-Oa‘mm//g

= { oY+ (7222 )} = 22.3607 Wwm
c’a-"—'fw\: (—Zoo>= fau; (-—o'S)

20(20)
_26.5650° (ov - 0 4636 Tad) v
233.4350° (or 58196 rod)

Since %, i \negcuhve, é Lies n the M
W‘M' Thus the response of the sy stem
s given by
x ()= 22-3607 <o (zo'l:-(-o'lféaé) mm

cos (2ot = c.g196 ) wm
or

-—
=

223607

(J) 9C = — 20 ™M, ’;to" -~ 200 mm//f

{(u) + (- 25 } - ¢2.3607 Tm

-1 - 200 _ - .5
¢ = tam ((—29)(“) = tem (o°5)

26.5650" (or 0' 4636 vod)

or 206:5650" (or 3.5952 rad)
Since bothk 2, amd %, ant maot\ﬁ-e., & wll
be in the third Z“M . Hence tke

tke system will be

response of
% (£) = 22.3607 ot (20t - 3.5952) m™m
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m=z (0 kg, 4= (000 N/m

\}’_‘ IOOO = lo va.a\/,s

(@) =10 w™m, = loo mm//? s
A= {(’O)"' <'°° ) } (oo+|oo)z—|q;(42[ mm
= tar (o5 = 7854 rad
p= tom (t'oo(cO) = tam (1) 45 or o

gince both K, omd OCOW ‘poslhve, ¢ will be

n The -_Ftrs+ w&-—o.mf Herce the response
of the Aystem s given l:y Eg - (i):

x (£) = i4-142) cos (ot —0.78547) ™™

(‘9) x, = — (0 mm, 5:0 = (00 Mmw /X
2 4 ,
A= {C’“’)z"'(""q'?"(,—;)) }z — 14120 mm
-) o - _ ° c°
# = tor (:To)(to) = *“M'(“) = - 45 orl3

. (—- 07854 ved or 2:3562 rad)
55 fies tw the /ge—corwl

Since %, IS neja,hve,
3ua.o{h°w°\'~ Thus tke response of the Aystem
is given by

x(t) = -1y 21 cos (tot - 2.3562) ™mm
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@) %,= lo mm, %, = —~(00 mm/,g

( ! - !QZI mm
A— ‘o -— ‘ '

{

bt (S55) = b (D

1o (to)
= —45° or 315° (or_o-785‘f rad ov 514978 rod)
Since %X, 1S Fasif\'ve ond ';to (S nes»a.'hve,

¢ Lies in the Fourth W Hence the
response o} He ,gjg{;em is given by

x ()= g2t At (lot — 5-43978) mm

.

(dY ¢, ==l0 ™m, Xg = —Il0o0 "'“N//S

2 L
A= {(—\‘-‘f"’ (-:—L%.%;Sv }z = 4. 421 T
P = tom ' (_';_'_9(3—-)3: Lo (1) = 4S°w225°
—to (10
= (ev7854 vad o 235 62 rad)

gince both %, omd  %g WL “‘3"3‘{:“’ 5& Lies

in ke third U»—‘L"'—a-"'t Thw tke r“aga.wgg,
of the Ayl wll e

y ()= g2t of (ot - 2.3562) mm
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Computation of phase QA\Z&« o in Eg. (2.23):
case(i): %, amd __’_‘_g ane positive :
WOn

tam ¢, = ,aositfve; fhence & lies in
o

foest guadnamk (as ghown in Fig-A)

Frqure A

Xo :
v ' . L] -° _ Ve
cose (i) = x,= positive, 2o (o wn) = negat

' Aecond ?/Aa-ino-mk

tam @, = megative; g lies

b Q‘;>' Xy = nesaff{ve ; 920(57 36‘.9,-. ) = nejo.:h've

tam ¢°= Posi{'(ve; ¢° l.‘es n ﬁ?n’rJ ZU\QA\’&YIt

. . x yy
cage (i(¥): %5 = “eja"hve’ *#o (or ’CT!%-»3 = positive

tam ¢,= negative; g Lies in fourth guadrant
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m= 5§ kg, = 2000 N/m
. ’ izooo = 20 Y‘G.A/;{
(o) %, = 20 mm, ;’r,o: 200 mm/;{

Since %, amd X5 o2 batk |’°$‘ ive , }zio lres in The
»f‘rf"' Zua-clra—“t (From Soluhon o} ?roLlem 2.5():

be ! (5500 T (1960 i oy

xo 200

= 63»43‘#‘30 o o7l yad
Response given by Ez.(z-za):
x (t) = Ao sir @’h%‘(‘ ¢o> X
'fk A - 2 ‘i 2 "i + >}z-
wi o= {9'-.,+(_6;> } = §(20) (

= 223607 vwm

Ve (t) = 22:3607 Ain (zaf 4+ 1et071 ) ™m

*e

X = too mm/l

0’) %o = - 20 YYM,
1es
since %, iS neja,’cive amd A IS r:as.hve, ?ﬂ |

in the —four*:l- %ua-AVMt ( Erom Ffro blem 2.61).
(‘X W . (-—20(20)

200
= am‘ (2) - —-63-4345" (-Mo'?! roJ) oY
296. 5651 (1760 rM\)

§xo + (%)’} I EOENED }

22.3607 vm
<(t) = 22.3607 sin (2t + 5.17¢0) m™m

i
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IS

(c) =, = 20 mm, X = — 200 mm/,e

(wo Or\ - £, ( 20 (203)=+m;" (-2)

—-200
= —63-y3Y49 (« — 1 1ol vod) or
llé-gésoo (ar 2. 0344 ra.&)
Si'nce x, s POSH‘fve omd %o 0S hesa,'h've, )Jo
lies in the Aecond au.a_cghanx (From Fro]:‘em 2.60D.

po= {xo+ (G 1H - fea + 5

= 922+ 3607 wm

x(t)= 22.3607 Ain ('Lof + 2-03111-:*) om

(a\) 'xo-.: — 20 w™m, X = = 200 mrn//s

b=t ! (C22220) = fan” (2) = 63.43u4%
o

o 1. 1071 rad (or 243 4349° o Qo2H8’7raﬂx>

fCae)s (22 P

22.3607 ™m

>
[
1l

-—

C x (t) = 223607 sin (20t + 4 2487) wm

Cs\nce Ko o 12 one \oo‘ﬂ? neja.‘l'l've, 950 ltes
in the third v‘m-&ﬁﬂwt Freor solution of

F(gL‘E\‘h 2.6 |> '
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m= 10 Kg, &= 1000 N/m
W, = l%:'lg_‘g—e :lora,:l(,{
s given b
solution (response) of the SjS"'em 's given by

w(E) = Ag sin (wnt +4) ™
with

2 ')'c 2 17: 1_ - ('xo wn)
Po= § %o+ (‘Z:?") } N N
@) %X, =10 wm, =y, = 10O rnm//{

hos (G +(2) F - (T = st e

¢, = f’o.n:\(}_f__(.'f—?) = ' (V) = 45° or 07854 rod

(oo
. g AN [ies in
Because xo M\p\ %z, o \90"“7 Poﬂ{'!ve, ¢o

tke Sl’rsfzuo..clro.h'\' ( erarn ?roble.m 2:6!).

- x ()= [y 1% 21 stn (\o": + 0:7854) wwm

[ 4

L\g) ®x,= — lo mm, %,

Ao = {(-M)z-!- (_'_?—o—)z }Ai = Iy 142t ™wm

U

8, = tax (120D = tam '(-1) = — 45 o

loo
_ 07854 rod (o 315° 0¥ 5.4978 rad)
'S neaa—{:fve amd %, U raSH:c'VC: o

= (00 \'m'n//i

Since %o
l‘;s ' the Fourth %UG-A\'”;\"": (aermm Problem 2+61).
2 (£) = 4142l sie (10t +5.4978) ™m
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~

(c) %e= lOMT, %o = — (00 mm/x
z _1o6\%217 32
Ao = § (19 +(7122) 3% o gzt e

E:'I - 35 . 2

rad
Since 2, 1S Pos‘.‘h’ve amd 1, 1S hego:l'l've, Po
lies 1 the fLecond 3ua—o\rﬂ-hf (from Problem 2.61).

mn

s (€)= Iy 421 Sin (;o++2-3562) mm

L)

= - % = — (00 wmwm[A
(A) %o =-lo ™m> o

Ao = {Q—lﬂ)z—f- (’%3)1}12_ — |yt 21 mm

¢ = tmn’(‘_‘_LE_(_‘f_}) = 't'o.m (1)-— 225 ov .
° ~100 ad

since both x, amd %, 0% mgo.fu"m, o f.,u ‘n
‘H\e. ’Hfu'ra\ %Uﬂ-AY’OA‘l{’ (:From Prob(em 2:61).

(t) = 142! sin (10t + 3.9270) mm
VN < =

.
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T
o
)
3
m
X
p
3
-
o
nN
3
u
>
~
Y
~
N
w
(o]
0
r4
~
3

.= (£ = 2§c|>o - 50 rad[s

Ez. (2-23) is: 2w () = Ag sin (‘-‘910.t + ¢o>
v 4
it pom () 1

. x, W
MA ¢o: M‘(__..-——-o bl

Ao {CZ) -l-(wo }—'i = 2.8284 wmm

(C—“(“’): taw (1)

t60o

_ 45° or - 07854 rod

\

o
315° or 5:4978 rod

x i £ lfes
Sinnce %, S r\eﬁautl\/e. a.m.al ’X- 'S PoStfuve ¢o

in the fourth ?/V“"Jr““t (:f'rorn Problem 2:61)-

Resfponse 's given \=g
x (E)= 28284 sin (sot =+ 5.4978) wem
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@)) The anea moment of inerbia of the solid

circular cross —section of The tree (1:) is

9given bj
‘I | "
=L wd =~ (25 - o 191748 m
1 GQT 6y (e ) = 0:600

The aviadd flood O-tx‘-'-f\& on the f‘ot.» 0’6*'#\"8

trunk 1§

F=w,g =100 (e-81) = 981 N

Funk o4 @ gl‘xe_o\- free column

uming tke
O rer o buuaf.:aj lood com be

under axiok lood , fhe
Jo o5 mined of y
e G~2 x:oq)(l“lﬂtf?xlo )

_ 4 wrEL ]
oA ﬂl 4 (10)

= 5677-4573 N

since the axieh force due t the watt of- the

ccown (F) is smaller tham tke eriticar lood ,

the tree Trunk wild  vot buckle -
Covtfont o’é, He Trunk (n swaoy (’f‘ransverfe)

Fens

va The /8?’14'-\«3
motion is given L] ( atbtrming e trume at o
(xzo\— free b‘ea-'rn) e
i 3EYI _ 3 (l-'zxtcﬂ) (l?h?quuo
ps Q? - ('0)3

=690 2928 N/m
Natureh JHreguency of vibration of the

iven b ,
e = \|£— = \{76—'———————904%8 . 2 6273 rad /4
09“— ™ -

too

tree is
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0“-‘-‘0‘;‘!
& L 4
L
@) Mass of bird = m, = 2 kg 4m
bea~ (b hy = m, = 7‘-42/( ¢
Mats of . ranch) = br ©
e = 7‘-:0 (4> (700) = 21-9912 %y

m-= totod wmass ok B = 'm.aMd& bird + WVM
rmots ok beaw (AB) ot B

-2 + o0.23 (21v9912) = 7.0580 Ky
(evﬁvawd&wme% beawm af its [t
end = 0023 Timu M bofok wmast)
= At%-n!-&? of condifinen Leosm (Lra.m%) oJCe.m.o{B
3ET _ 3 (lost7 I(o‘i)q
T‘? - gl
@’
= 2301 0937 N/np
Thus the e_?j.-afoﬂ dB’ motion Oaa the lotrd\ , o
free vibration, is given by

M’;é+‘k‘¥-:o (LyMMMnﬁMAWn&)

e N
‘ 7.0580 * -+ 230l.0937 ®x = O

d’) No.:\'ww.k H‘lb?}d-ﬂm-"g d'[f V”D\’&tm" o’L— the bicd :
on [ = [EELEET L igosia vl
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Given: maAs o’k bird (m) - 2 "Cﬁ
Ae"j}d' O; Lra_nc‘\ (/{&hﬁﬂ'\ Of CMM BM)

=h= 2m
a(e\'\sﬂ'j dl. L\’dm.c/’ﬂ :f: 700 Kg/m‘a

Young s roordulut of bromeh = E= to GPa
@) Buckling lorad of o camltlver beaw with
oxaal %—gzu. owu.,lar bh.u. emd A% 32v.en Lj

_ 1 m2er D)
fou = 3 1=

tming the ol of Wamch ot o tre
owa moment of iranfia (1) 4 given by

L]
I-= f.f‘- 2D

(
c4
ren oukzeak Mk () i ek egpel &
the weight of birds

Pow= ™3 = 2 (q9:81) = 1962 N (3)

toin
Eva-nﬁﬁg E%'@) + Ez.(l), we ob

9 9
19:62 = w2 (o *10) wd >

I
q e ¢4
9

=o'3029 Jq*‘o N

1°€: _8
) q:..-—-(-i:—c-f-‘""; = G-4735% lo
63028 x (0

1° €

-2
d = 15954 *¥1o = 0:015954 m™m

. Minimum diameter of the branch 1o owvei'd
Iauc,k(-‘v'ﬁ umden tke weisH’ of tke bird
(negr(.tcﬁrg the WE\'&“‘ ot ke (:rom'ol\) is
d= (:5%5 cm:
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(b (\\t-':-i:\‘-i"""-1 [f"’?f‘-‘”"‘g’ 0’6 vibration of the stf'em
o bending (e, )

where wm= 2 kﬂ (ne,y(l.éﬁnﬂ mc-&fo’g— W%),ama(
& = Lev\aunj WW o’L_ c_amm\"m IO-QJOA'P-:’& W:‘
_ 3EI _ 3 ((omoc'){-z% (0.0159'5) }_

3

_L‘-&

= 19137 N/

Thus (5 | = ’l"9‘37_ = o.4y07 had/x
h, 2

Nodosod pugpemey  of vibration of the Aystem

n axieh wotion (wh’w);
—
Gy o = \/_‘f_‘;
“)o' m
whone m= 2 %9 oand .

2
4 = AE _ _:r_\‘(O-cl'j"iS') (toxto)
R S (>

0:99950 x |o‘ N/m

2

—
-—

= 706-753) rad/g

2-56

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

= 2 ‘kg, = 500 N/M, xX,=0:] m, 7&'0:: Sm//f

m
.a “n = \/'1:‘: =‘5%9 = |5:8114 rad/s

JJfSr(accmeht of mais (stEH By EZ' (2.2!)) .
x(t)= A cA(W,t-¢)
whane i s
2 !io 21 2 5 2 z:ﬁ
A [xo"'('z’:) ]z = [Ocl +(|5"’“L’7 ] °
= 0:.33l7 m
. - 5
-1\ 7;00(__0> = "—%‘(——l—;’ml>

\

P = Tom
= ton' (311623) = 72-4516° or

(?5 ’w'fﬂx be in the &(\'Sf W becauwse

bothk %o amnd %, an2 Posiff\/e>
2 s (15804 t- r2645) ™
45) ™A

m/gz

|.2€4§ T‘G—&

2x(t) = 0.33)
X — \-26
2 (t)= - s.2446 sin (15804t =

t —1.2645
»(€) = _g2.9251 &t (t5.8114 )

e ra.o‘/s, xo:o.o;m, ®xo < 1 'm/S

Datw: w_ =
Response of unJmm{:eJ sasfem:

€ (t)= x, cos St + Z° sin @, t
wh

= 0+05 coS (ot +(.‘_'.o_> Sin ot
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““ x(t) = 0.05 cos (0t + o@-1 sin 10FE m (E-1)

%(t)= —0:5 sin tot 4 o8 10t /s E-2)
%(t)= —5 cos 1ot - (0 sin 1ot wm/g? (E:3)
Plotting . Egs. (E«1) to (E.3):
$ Ex2_52.m

for i = 1: 1001
t¢i) = (i-1)*5/1000;
x(i) = 0.05 * cos(10*t(i)) + 0.1*sin(10*t(i));
dx(i) = -0.5*sin(10*t(i)) + cos(10*t(i));
ddx (i) = -5%*cos(10*t(i)) - 10*sin(l0*t(i));
end
plot(t, x);
hold on; .
plot(t, dx, '--');
plot(t, ddx, ':');
xlabel(’'t’); .
ylabel ('x(t), dx(t), ddx(t)’);
title(’Solid line: x(t) Dashed line: dx(t) Dotted line: ddx(t)’);

Solid line: x(t) Dashed line: dx(t) Dotted line: ddx(t)
15 ] ] 1 1 12 1] 1) T )

X(t), dx(t), dax(t)

[}
-t
[3)]

-
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Datw: &y = z \’a-a'/s, TS=zo-1, Xa:o-oimafﬁoziraj
Initial Tt 1

conditions

-3 w, , “q/J1-% /\/?f_o_?_

- -1
£y s (273), (2:75) : = = 2-0!:! lv‘cz.a\/s (e-1)
U E e o
Wd
-1 y W o
¢0: .{-G.Y\ (—_ xo + T ‘n x ) _ 1 (E.B)
C-.S'A x,

Eis. (Eo?_) and (E.‘;) lead to:

2
x . _,_( o + 0:2al0]) 'xa) = 0.0001 (E-4)

. x
- ('xo+a 2010\ a) = tan 1 - 07954

2%g

°T . (%, 4+0.2P101 %) = (5708 o (e.5)
substitution of Eg.(e:5) infe (E-4) yields

o = g.007864 ™ (E-¢)

Egs- (e e) omd (E-5) give

-~ -0+013933 wm/s

.’chkou{f P&SSengersl
L = 20 rad/s €1

= = & = 400 ™

(e:7)

™

With possengers,

((.«3 )1 = ‘}—_5-_ = 1732 r'a-‘d/s 5 (E-’.’.)
m+ S50¢

Szua.\-inj Ez,(E.z), we 9@":

———1_: o0 - (17:32 )z = 299.982¢4 (5.3)
™m

US_inj k= 400 ™M in (603) gives
m= [499-648) K9
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@ @, = ’k/m = ’3‘200/2 = 40 ra_d/s
.8

. [
e. o - 6.4 or x, = 0l W,= 4 m/s

@ Date: D= 0:5¢25", G= u-S % 10° psi f= 0282 Ua/.’n?’
$= 193 Hz, k=264 'u’/l'n
JqG‘ ,,14 (u-Sx;oG)

k= spring rote = e B> = 2¢'4
§3° N 8 (c-5625°) N
4 3
or d 26.4 (8) (0:5625°) -
- = = 2.2 E.l
N 1.5 x|°6 2 686 X 10 ( )
*
f= 3 (=L

2
Where W = _D—z“é_z) PN P = 12__2(0-552‘5>67-282> N d

= 0391393 N Az

Hence f= L 26:4 (386.4)
2 Z 1923
0-391393 N 4
or N d? = 0174925 (e.2)
Egs- €-V) and (E.2) yield
_ 4" _ 0:174925
T 3.268¢ xi6¢ T 42
or d¢ = 0:8717¢4 x 16 ¢
—
or d = 0:.911037 %10 = 0.0911037 inch

Hence N = 0174925
AZ

= 21,0756 41|

2-60

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

Datw: P=0:5625", G:qxwé psi, p=o0-1 U:/in3

f= 193 Hz, k=26.4 %/{n

i 4
* = Spring rate = Q__. = 44 (4 x/og)
g D3N

= 26:
.y ?(0-56253)1\! 4
or 47 _ 26-4(8) (o+5625%)

N
4 xao6

. \/*_2-'

2 VW

where yr = (%)WDN-S, _ l:; (0.552'5>(o.l> Nd®
= 0138792 N d7

Hence §= sz \/26-4 (385.4)—‘

= 9:3972¢¢ xogé (-1)

§= _-f-re?/uen cy =

0138752 N 42 - '%3
or Nd® = 0-493290 (E-2)
Egs- (- 1) and (E-2) yt'elat
_ Jq 0: 493230
T 9.397266 xi5° 42
A -6
gr 0(6:4-635‘57'-3 X% 16
or d = 0.129127 inch
Hence N = °‘433223° = 29.58472%
& Z
7]
By nej(ech‘nj the effect A;e f $’

of sels weight of the
beam, and us.‘nj - S\‘ngle Jejree of ;Freecqom maoee[,

the natural fre&uency of the Sys'éem can be
e&Presseo( as s «

- —
-

n m
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Where = mass of the machine, and

k= stiffness of the cantilever bheam :
- 3EZI
* = 7-3-
where [- lenjH-s, E = Yownjas mac!u.[us, and I =

area moment of inertia of the beam section.

AsSSumi - 6
ming E= 30 xi0 psi for steel end 105 XIOG

Ps' for aluminum, we have

(Sen = 2000y 2 g8

m L3
I3 I

W _ ¢33 (lo.5x16°) I3

( ")aiuminum - % m L° }
Ratio of natural freauehcies:

Wa

( )S\‘:eel _ 30 )E 1

(w")a(uminum (:o.s = 16903 = o.59 (6|
Thus the naturdf fre?u.ency is reduced to 59.161/
of its volue

f  aduminum is used instead of steel.
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M qpilibizien pesition, i
et < e cpit
=<'7” )(*) (loSo) T —T;I: T
(mess of 0t 4uts ‘ ’ %
J;,‘%a-cz.:{ ok @..;Lsku@ (777~

= W'(c-s) X‘(tos'o)

» X~= 500 _
T (025 (059

9+ o063 MM

LJWWL{&;%&A@G—Maﬂmuz

8\',“_&;_" E@u—chwufm d’)O'S(\J‘T-'ﬂﬂ,- Tﬁ_w vy ef'at‘ﬁw CQ"

Mox 4 mm-g{i‘f:&éoﬂ— =0
Wl Jusploced s

+= =

vi oy (o) (oo )

500 % + TV("'S)i?‘ ((0'50 X ?.30:

w an
x + ©:25 Tr(:oSqu.g;jz

Seo

- &

*+ (6.8 X = o
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;From'l«ﬂ\)-o“ e watumad Wcj /28 vibration can~ bLe
Wf\’w 73 {

wYI: 16'/8 = 4‘.0227 ra‘(//g
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@)

FAromn wiﬁ@_..a,e:anc(l_mﬂ—tcn)wtm/@

™ = EOO’k-g and ,ﬁagf"u.j (?&CL:F: looo_ a:? N

Qozs')g
(*) 3y egpaling ta wedE of T et o d

a \j blh&) jJooo 3
500 (9/81) = G >3 > o
c'029%

we fied ©F Aatm gopdibuwen potilin o A=

.3
9,81 01025 > -6
i 500 ( )( — = 76.6Y4l X0

|[ooe

-2
'2;&—"— 4:2¢77 x10 = 004248 m

(b) The Lenwssuzed gphep Conkl,d, &, about The

AeTze cgpilite poblion (2, 5 w0 given by

« ;{f-t = .____—-—_30003 Ocll
x= Xy (ei025)

—
-

A= = st
o
~ Gooo)(4-2¥17) o
B 15'.'62'5 x l;é
S @) Ly
T
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D Nafws ot e F vibeTEm for fmall

L

6 2
\)’7 (3 Hey2 xao) = 26.32/9 m,(//g

) Neotunad W‘j c%vfbmﬁa»\ v emalX
WM whew ™ = Goo'k??,
In this Cete, o ARRR oot porflam 4
7o o 3 3
- 3 _ G6oo (9»8’) (0.0252_ — 5 996 X@'OZQ

"t - TeXels

x = 8055 x 04025 = @.045 14 m
At |

ﬂhwguwwmfﬁ,k,wm

ev A F 3000
® = [ s =
d* | = 'x/gb Q, 02"5>3 C ’”)

- 3000 -2
S LI SRS

@ -0 25)

&,
20.37v8 xi0 7 5
000 ( 0. — — = 3.9126 X (o A/m

5. €625 X o
Hewce o ratinel =7 m,vdmwfbr @w
MW‘G—‘-‘Z«M
X ?(7—-0)((5 -Lz 71-9—4
= ‘f = ° = 25 .534y2
wﬂ ", ( oo ) K /’2

2-66

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
— Mechanical Vibrations 6th edition Rao Solutions Manual

2L

= 3



https://testbank.online/books/9780134361307-solutions

2.78

&W:@:_[a Th//g'.'- "Q.C. Azx (;)

= = 1;;:
LY"t'ZZ"’a'ﬁ?“ of Eg- (1) wrt- Gme giues

._4—21

% q1E - e t + ¢ (2>
T

wz % (=e) = ~reo A D 317778 %=

dxp- _iot + 277778
At

htmce B
% Ha VMMO?/S ond R
’;%t:' =0 Wr WMJJZ /ﬁ‘ﬂ?’-’*;fo)a %Wﬁz

< ALt :
Sis ’i—o = —lot, t 27-777¢

g
or {:of, 2.7778 A

b dilnce Traneled b H AT

g by i
% — eu{:a + —éaﬂ—;
27.7’)73 (217778) + é ('.

0) (2.7’7769Z

— 38 .5903 ™M
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For Ina“@ w Ct‘rcu‘a.r

,aosf,
Lo = Tyy= 7‘[:' (r\oq'rn"')
= zr‘—'—(o-osq-— o~c)‘1'5q>

_6 4
= 16878 xio m

E de of ost l .
?wa a% P)fs v Jg d
(or ending W-».W (

ge=1'°‘z=l'8 \'\oc

Q=20
i

le: 2,0-—0.2:”8‘“

Be,m&cns M:W 0’{5 the Posfin w}_,alane,-

*15,'—' 3ELyy 3 (207 %10%°)(1-6878 x13 %)
e ———— —
3
fe (-8)3

= 179 7194 7‘103 N/m
Mats o} the post = m= W(roz—rtz)zf

- 2
=/ = T (005 —o-oqsz)(l)(".é_s_‘.’i> = 23,273¢% Kg
?-81 / "

mass of Trogfee Aign = M - bdt g

=M = 6.75@4) (0:005) 76_.5.‘1‘.’)-.: 16972 Kg
9-81

EWVMW@}@WL%%Wm
with om end mats M ( Lrom I:a-c—ka’[y Himt cover):
Meg = M+0:23 ™ = (1.697246.23 (23-2738 )
= t7:6502 %Kgq
Notu ral aere&uencj for v:l:raul'mn " 'x} plcu\e:
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1
“r = ( = (797194 x 102 \2
\’nez

I17-0502
= 102+ 6674 rvad/;s

Benal.‘ng :Sh’_-flfneff dk the ‘oost . 33-F|ane:

3E -6
ky%':- I"'x _ 3(207)"09)("6978)([0 )

1 0-8)?

= |179-7194 ow N/

Nattn oA Ww»cy aﬁof Vibration in 43 —plane:

a1
W, = k”’ (79:-719% w00 \?
Meg |17:0502

= 102. 6674 rad /z
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For L\ouo w c“rcu‘cu'

POS'&)
L= Ty T (nnY)

% 2¢ 4.

= l‘-— 0'05‘," O‘dq5q>
— €

= |1-6878 *io m

- oSt .

cefecive Lorgth of bost L
(Lor bending }KW) is ”

.Q' [' <2 '~

(]
lef— 2.0 —0+2 = |-8 ™ -8 Jia N ¥

Bencﬂ-inﬂ /YCW 0’[3— the loa_S'L' an “%”F'““e:
* = 3EI‘35 '3(”‘%109)(|-6878 x:'o-g)

‘X} T (1-8)3

-

-
-
-

€

3
= 96-3727 %10 N/m

Mats o} the post = m "n'(roz-rz)ﬂf

=W = T (005 — o oqsz>(z)(‘90';‘,’ = 24.3690 K3
9

mass of Tagpic Aign =M = bdty
=M = 0:75(4) (0:005) (80“)0) = 122476 Ka
?:81

EWVQMM.Q’B_Q.MM bearm of mets m

with om end mats M ( from LO—““”& Pint cover):
M+0:23 ™ = [2:2476 +0.23 ((24.3690 )

—-—

me@ =
= 17-§525 kg
No.t u ral fre&uem’,j for Vibration in x 3 pla.ne:
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!
Wy = ( ) <.96~372"ﬂ><103)-;-
Meg 17- 8525

‘73.4729 \“G.J/g

Bending &t $frnegss o the post in 33_F|a,ne:
- 6
3ETocx 3 (11 xi0") (16878 x 10 )

. ﬂ: ('.8)

3
= 96.3727 %10 N/.m

Naftr oA va«bwcy :;19( vibrafiom in g%__klame:

1
W, = (%93 96-3727 y 100 \*
"‘"ez 17.8525

73.472% ra,al//?

‘ky% =

\

i\
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Avy opplied moment M, ok the disk will be felbf

by every point ohong the Ai’é‘gleeo’ shaft As swuch,
the two Aeps of diawmdkou di amd d; (with
Rewngths Li omd Q,_) ack as sevies torvsionak ApcingS .
Torsionrak /‘(}aﬂns consStants of ,gh__los | odh 2 ave

S‘Veh by
(')kh = G Lol 3 IO\ = FO'G—\" momeh\“d& inexh'a-f
ﬂ‘ of shaft1
.o df
32

(2)k-l:z= G Loz 3 Lo2 = Pda:r moment OX' inertio
L2 of shaft 2

_ e dy
32
va‘.vaiuvi torsionaJ i«aqn‘nﬂ MM, /k\‘:e&>
i b
3 Yén y .—L—_— i ‘ . —L__
kteg Ry L
oY ,k{:e - l'<',:l “tz
/ Keg, + Kea
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Natural &re%uehcj of MWZ g, of ynoss

moment of inertia YT, Can be founol o8

6, Xt =/ ke Kea

J

wheye ki, omd ki, ave given by Egg. () omdl (2).
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@) EW« ok mobtion of Sfm‘o\e. Pen&w{um ﬁy Amal
o.m?ulo.h wmotions is given by

4

avd hence the natural Jrcwcj g vib retion is

W, = ?'mmf - [©0:376 (981
T 1 = 1.9206 vai|s

(L) SoluHOh oj’. Ez-(l) am \,e e,xFreg‘S‘egl N Aim-’la.rfa
€y (2:23)> as

9(":): Ao Sin (wr\'b <+ ¢o>

with 2 0, \% 73 . 2 2
Ao = {eo "'(’of;.) } =\l@°08727) +0

= 0-08727 vrod

(25

Since go: 5°-,- o008 7277 red amd éo:o.
amd ~1 o - :
por (B2 2 sz
R ©

=t () = 20° or 1:5708 rad

0(t)= ©0:02727 4Lon (1-9206 1 + 1'570p) rad

6(t)= 008727 (1r9206) cof (1r92061 + (-s-zos)
0 676 ot (19206t + 1'5709) rad s
Moxi raum \/e.locH-y e érnmf- = o' 676 re-.c&//s

©) B(t) = —ol676(1:9206) 4in (19206t + 1-5708)

= ~0-32(9 Ain ("9206'{' + '.9709) Y'G\A/Xz

Maximum a.ccelﬂ)‘ua-xim: ema-u = 032 (9 ro_‘{//‘z

2-74

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

' (@) Eguation of motion of simple pendulum Jor
senall o.mgu.ka.h motions s

& + L‘;“' @ = o 1D
Natunal [ ey of vibredfom i

= [ Fm "‘i" = 1.2753 vod /s

£
(b) Solution of E5.(1> cam be writhen as (similon &

Eg- (2:23)):
@(t)= Ao An (6-9""7 + ¢o> (2)
where

. A
Ao= {53+ L%’,)Z}Ji = 5@@:—; 27) + o}""

= 008727 rad
ornd
- Go Wn &
¢°= ! (—g—e:;"’> = ‘l'm‘(w)-: qooor 1'57'03.‘!

 @(t)= 0:08727 Sin (112753 t + (-570%8) ro-d
6 (£) = 008727 (1-2753) cos (112753t + (-5708)

= o 1113 cos (12753 t+ 1-5708) Yad/s

O oy = 01113 rad /g
©) o (+)=-c-1113(1r2753) sin (1r2753 t + (5708

2

= - 01419 sin (1-2'753 t + 1.5--708) YOJV//S

8 [irax = 01119 vad /g%
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For free vibratien, @dadalj Newfon's
. second faw of wmotion:

mYé' + mjsn‘nezq (E-l)
lacements, &g .(E-1)

For smad a:n-ju(a.r OL'S[:’

re,o(u.ces fb
mlé+mge =o (e-2)
ox @ 4 B e =° E-3)

where W, = J’%j‘ . (5.4)

Solution e; EZ' (E-3) is:

g(t) = 6, cos w,t + €0 gin W, t (e-5)

m———

r
where 8, and éo Senote the angu

a-nA a.ngula\” velocf'ftj ai t=-o. T{ne cumFlf'l:uO(E o_-F
motion s given by
R St
® = %92—9 (?_"_3 }z (e-6)
Wn
Usl‘hj ® = 0.5 r‘a.a{, 68,=0 and e, = i raaf/g, Ea.
(E-6) gives
0:5= ©o = -t or W= 2 ra,c'/s

£
n Wn

lar dis f:(a-.ce ment
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The 3ystem of Fig.(A) Driver Driven
can be drawn in
eaun'vaJem‘: form as
un m Fige(8) where
both Fu”353 have the same
radius 1q- we rotice in 250 mm & 1005 woms
Fa'g'(B) that vibration can ke Ji Fig. A 7,
Pla,ce in only one way with one
Jnullej moving clockwise and
the other moving counter clockwise.

When Pu“e.y: rotate in

osite directions, & _ &% ,
°"° o~ o FyB X oo
fame velue on either pulley & - k,l__(64+92_) 26 due to' A8

Wheve 44 = torsional /sprfr\g:ons{:a.nt of =@k " Ae)_gcgz 24 v,F
. . X P 4
the system Evmm’“ of motion =24 (Y = %/, n-m/rad

T6, + kp(@1+82) =0 & 78, + #4(8:+92)=C12 . (&) gives , for = 12T rad,

The spring force , which has the ;'-1<¢.= amy (;Force in J}an’njs)r}_
i 20
'

- . - - —— - " .- —— -  w . S e - a0

Bither of these egualions gives it The other possible motion is
&= {kt ( M) }% o (E)D :’ rotation of the two palleys as o
- 9 J2 ! Nho‘e (as Y{s(& I;.o&y) n Aame
Here Ji= o-?/’_ =o0-05 “5"‘"2 7  direction. This will heve o natural

z - .
ai’= J;_("PEEJ m.b‘.a)z-__ 0'2(“’;>2= o.o|7_5 H—l‘ﬂ ':f‘.eaugnQJ of Be,ro' &e ,Se:.t«on 5'-7.
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ml §+m;5?n9=o
/ For small o, wmlé + mgo =0
;4

L, = 7

L
= 270 - 2T __ _ 4.4185 fec
" N 981

: wiie + (ke +mgl) =0

8 + xa*sin e+ 'mjg Mne =0 ;

(k) ml’
wn = Fa}‘f‘ ""ZE'
mi*
ml &+ (k- rﬂyf) e=0

) mlz'é + «kaf' Sn e —\mgi sn € =0

Kat - m .f.
“n = \/' m!z}

configuration (b) has the highest natural freguency.

P«\um‘nu.m roc’

d-H &‘_“'

\
—6—'—’;—"—' v 5 . . . —_— K
e ‘A\ L
I i
, T "
[ﬁ 5 >J‘ thicknesszs= 4

m = mass of a panel = (5 x 12) (3 x 12) (1) (% = 1.5820
386.4
Jo = mass moment of inertia of panel about x—axis = ) (a? +b?)

_ 1.518220 (12 + 36%) = 170.9878

Iy = polar moment of inertia of rod = —?g- &t = % (1)* = 0.098175 in*
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_ GL _ (3.8(10°%) (0.098175) _ 31089 (10¢) Ib—in/rad

b 12
1 1
1 w3
e = _1&'- 2 = _§_1_l_)§‘-_3_(_19__l = 13.4841 ra.d/sec
2 =17, 170.9878

I, = polar moment of inertia of cross section of shaft AB
- ?“2_ d* = ?“2- (1)* = 0.098175 in*
Gl

k; = torsional stiffness of shaft AB = —7

(i}
_ (12 (10%)) (0.098175) _ 19 635 (10*) Ib—in/rad

J, = mass moment of inertia of the three blades about y—axis

1 2
=3J0‘PQ =3 —mfz =m6’2=

2
= 0.7453
3 386.4 (12)

Torsional natural frequency:
1

1
1 w5
W, = .lfi- ? = l?_é?é—(lo—)— ? = 513.2747 rad /sec
» =17, 0.7453

J, = mass morment of inertia of the ring = 1.0 keg—m?.
I, = polar moment of inertia of the cross section of steel shaft

= 57;‘ (44 —db) = —:- (0.05* = 0.04*) = 36.2266 (10~°) m*
1, = polar moment of inertia of cross section of brass shaft
T (a4 — db) = (0.04* —0.03%) = 17.1806 (1072) m?*
32 32
ki = torsional stiffness of steel shaft

_ Gy La _ (80(10%) (36.2266 (197%)) _ 14490.64 N—m/rad
7 2

ky, = torsional stiffness of brass shaft

_S Lo _ (40 (10°)) (17.1806 (107°)) _ 5426 12 N—m frad
4 2
ki, = ki + ki, = 17,926.76 N—m /rad

Torsional natural frequency:

k

£

by = o / _119,21‘3'_7_6_ — 133.8908 rad /sec
0

Natural time period:

r _2m 27
P wy 133.8908

= 0.04693 sec
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Kinetic energy of system s
T = Todt Tob =-1—(i"‘£z) éz+§m£2éz
Potential energy of system is '
(since mats o} the vod acli through Cerd:ef) ' :
U= Ypd + Ubal = -—my.[ (1—Cos e>+ M;f(i-ws e> f(i—aaj_e)! 0
Eaua)‘:uon of wotion : | T i_-—'

i(T+U)=o '

Le. (/n+ ——)2 e +<M+ 2_>5£ sin @

For small axxgles,

= o
L M3 4
e + T'e

(M-l— L)

©, = (m"‘%)?"
(m+35) 1

+ 4
For the shaft, T= T;; = T (o9%) _ ¢1.3594 x5 ¢ w
32
/ - §£l= (0793 x10") (€1.3594 x15°%)
A

k¢ = = 24329-002 N—m/rcu:,
FOY‘ the disc , 4
J = F f__Tf_D_—_‘A
° 32

3 (0.
= (783 xw0 3)27"(1) (1) =76 8710 1‘5-’"1

. /k 24329- go2\ /2 |
Lﬁ - t - (————-—— — 7. ?90:2 Y sec
" I 76-871(0 > 1 /

Eguation of motion
) _ .. oN A
0 =-W‘*9‘“‘(?9>3

Kz """"‘x:
"“‘(23—1@%& - kg ©
e

L
5

Wl"e.r 2 -—-..'!.:.’g_
z_ 17- 1 3
JA= J-G~+md =T:'m +m—3—-
=‘--;—miz
2 2 2 w:mﬂ
m s d o 2xl _ gx/d
5 9-\-—(""9 + 9""——-'9 +ké>9=o
2 z I
W, = (*"9J+'§4<! + 5 kl-i—kt).‘? =\/9M§J+lo':f +9 kg
m g% m {
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For 9given datw.,

5(10) (9 91)(5/6) +10 (z000) (5)° +9 (1000 ) 45547 ol

rad
n = sec
1o (5)%

\ | Y
/ \ /
} 2 = 2 r? A #,(R+ta) 8 \ A x,(R+ta)e [
Jc;=‘z‘T"R » T mymRaewm 2 ' ;‘/_l“}z 2
” Let a.ngu,la,r dc‘sp'a.cement = 6 2 %, ¥ 2
. / /
Ezu.a.f(on of motion: 2 2
o 2 2 / 4

J“: e + «|(R+a.~>9+kz(R+w)e =0 4

/ (. + '}) (R+oy* _ f o+ k) (R+a) (&1)

|+ m R?

Ezua.ft'o*n (Ev) shows that (s, increases with the value
of -

o WOn will be maximum when @ = R.

P77 7SS s SS prrrrLrr o

@ Net )2 a.,ctlnj on the iem?u(um 2 9.84-5= 4-81 m/sed = F

W= J}::-= JE3t = 3.0 ra.d[sec

Th= 2“-/6.9 = 2.0259 fec

Ezua.{‘aon a} motion: L3
J-o 9 = "kt (tiaﬂ9>a‘ * QG) 2 _________________

where o= L mf+m (—) =—m22

1z “-—k——i
rnl 8 “’(kt"' kia-\-‘kzﬂ )e ) z %,
i
3 (ke t k4 af -}-’kg_lz) /2
“n = { mi*

L= I +~mb® = -’zjmaf'q- mb*
Eguation of motion:
I, o +mgb 6 =o
f;r /—zg’r
2 b*
gﬂq — (ng >“é‘{(a"+zb}(29)-ng(qb)}

2 2 \g*+2b? (@*+ 2b™)?
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e b= = J-’E'JE_

a
ca,,) = |77 _ [ 2
b= - au/ﬁ- gives |'m®9fn ary value for G9n.
oF b= =
Since W,=0 when b=0 , we hove wn/mm = I
! (o2
3+ (o) ( ]\4
| T_._— e

m
1 -k Y4
z F
Let 0 be measured from static equilibrium position so that gravity force need not
be considered.

(a) Newton’s second law of motion:

“ €, ¢ 3¢,,3¢ 5.3 L0
(b) D’Alembert’s principle:
% €., € 3¢,,3¢ -
or Jo'é-l-%k(z =0
(c) Principle of virtual work:
Virtual work done by spring force:

5w,=—3k(e£-)(-§ 5) —k (9 3_4‘-’-)(3_:1 )

Virtual work done by inertia moment = - (Jo 9) o0

Setting total virtual work done by all forces/moments equal to zero, we
obtain

Jo'é+%k€29=o
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Torsionad Agtiffness of
the FOS'L' (Gu‘:out' 5- cz,,x“s) .

'k_é__—. UKE (r\ -Y‘:‘)
2 fe

4 Y
i} (79~3x|o?)(0-05 -0-045 )

2 (1) §=20

oy

3
= 148.7161 %10 N-m

Moss moment of mertia *L _l ‘/

of the sign about the kg.i‘\
Zz-axig: )ge__.x..o.zz 8"~
A A

withk

mass of Togpec Aign =M = bel t ¢
=M= o750 4) (0-005) (75'5‘”) = 1-6972 K3

9:81
2
Hence T = [H.-6372 (o-#o’z-{— 0.7\;2> = 07043 Kg-m
sign 12
Mass moment of nertia of the post albout fhe
Z- %XV S
n 2 2

wi iR o(oz 20 = c-lom™m, oﬂ;=2Y‘;:2(o'o‘«(§>=0oo‘?m
and
MWO’I,'H:;e POS{T = m= W(Toz-—-f‘.z)Kf

= = W(Oo';'f —0:045 >(2_)(765_‘___00> = 23.,27%°% kj
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Hence

2

. 2 z
_ 23.2738 (O,,O + 0:09 )_-:0.052657 kg -m

8
Ezu"vaalenf mofts moment of mertia of the ‘nosf

(a’%) oot the Location of the Aign:

J.Pos{:

- Jpost _ 0:052657
3 - 3
(:De rivatien 3|‘ven below)

2
- 0.017552 kg-m

Jegy

Naturel Ocrez“e""j of torsiomal vibration o § the
‘h‘a—fffc $rgn about the }—axfs:

£ ¢ Jé
W, =
J-S'c'jn'-,r J@}f
i
3 A
148 . 7161 %10 F
<o.7ol(3 4+ 6.0175 52

= 453.8945 rad/x

L

De rivetion :

Effect of the mass et of- inerfea of the

kas{- m’r‘?(-va-‘[fr (J;“> on the nakanrdl JC""-W”"‘j’

0§ vibralion of a shoyt carviging end mass

yn srrewt o’!r renlio (‘Tsfsm> :

Let @ be ftke M\-&uﬂﬂh velocity of the end

mats memend ol manlia ( T, ) dwring vibration.
Assume a lLivean \ariafion o’é The M?(AJOJ’
\Aaﬂro{«} o tke %a.,b/i_ (post) Ao fhat of o
dishamee x Prowm the SFixed ewd , the a,-n?,dus-
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velocity is given by 8 x

—

4
The totad Kinehic enthgy ofy the ,gl-,g,g(' (}aosf)

'S 3|‘Ven bj /Q

=— ‘ ] 'Tc'{'
Moosy = - (9;_3‘. (._tz_s_) dx
peos zya ,q> i

2
= —'2 J-";St (e)
This S[»ows ot ke %‘icﬁ_\ﬁz Yo {4 M
o’& renlia 0’6, tre M (}aaﬂ.’) ok the emd

(S T‘aost
3

’
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Torsional Atiffness of
the post (akout 3-axis):

zﬂe (i‘ —Yﬂ)

T (Lu-lf xw?)GJ-osq-o-oqsL’)
| 2 (1-8) Lo e
3 T 2

I

I

727-£399 1o N-m

Mass wmoment of mertia

VL~
of the 4ign about the LQ\

o
Z-aRis8: >€€=l—°‘2= 8
T = _LH_. (0(2—{' Bt)
sign (2
with

mw% 'b"{_g,/gb—.:c /gl'jﬂ = M _ bclt'{: f

=M = o:75(04) (o 005) (8: 190‘0 = 2. 2476 Kf}

2
2 2
Hence T = 12:2476 (o-lfo + 0:75 ): 6 7374 kg -m
sign P

Moss moment of inertia of the post shout fhe

2- A%y St
2

' 2
J_does-{: = % ("‘o + d; >

W;”:.alo: 2Y¥ = o'lom, J;=2Y-:2(o.ol('5)=o-o9m

<

O.HA

Mats o} the post = m= W(r:'-‘rf) Kf

= = W(o‘asz—o'oqsz)(z)(?.éi%‘-’o = 24-3¢90 K3
9:
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Hence .
. 0 2
.___zq 261 - (o'loz—(- 0:09 ) = 0-0551358 !<3-Tn
8 N
Egurva«(enf moss rmoment of mertia of thke !aas{—

(J—%) obowt the Location of the Aign:

J.Po st

eyt

J c055135 2
= ‘:‘St = 3 = c.018378 kg-m

(:Deriv:uh'oh 3|‘ven in tke Selution of Preblem 2.79)

Naturel :Fre?/uencj of torsvonal vibration of the
'tt‘&gaft‘c s'gn about The }—ax;‘s:

% ¢ Ji
W, = p =
S‘:’an + efs

)

'3 —

77.-6399 %10 z
0- 7374+ 0-0 18378

320-5|27 ra—d/x

L]

"
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2.101

A ssume The end mass m, to be a }Oefn'l' mass. Then

the oy momend o’k inedia, sfp ™, about tha pivet
Fox‘v\t (s 9fv2n bj

2
I\:mtﬁ

XWMmz;M\MW
f(y /r\ggﬁta_w ﬁﬁrf?t‘w;f‘ @)

5 Fiven by

2
_ 2 7.
I, = fmf +m2(7>”4

M W QJ@’U“J{— d?l'\/d?‘" obﬁix—d"o:us 51.%’?

I,6 + mg.- L gio + wmy dae=c GO
where

IO: I’+T2: YH}XZ.,L-—L 12/ C‘/-D

Cemet, £ gr 6 ad Ep-(3)

@,l&; é—m2[2>éf + m,g,l —{-mzjzf Ve = o

aYy

é‘ + 3((2.7”12—'( -+ rng_jX)
2(3‘")12-1- m,_/(z)

g = °
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o ,(- jﬂ (6m,+3’”’z> e = ©

o
L (6m + 2m2)

Toe g(emeim o= ®)

_ﬂ_ "E‘*m,-(-sz_
e
By exprtiy 6. (5D as &+ Wn 050 tz::mﬁm
e o<y %v‘»wmﬁﬁ/%mgf e,o‘ﬁgﬂ,&g(a(

i (ém,'ramz \ )

wh’ /Q Gm,+ 2m2
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Ev;.a.ti’aﬂ a'-()rmoh'on for the M\?«JAJI molion G'B, =
sreotwn okoud” the pivot point O:
I, é._e-g- m291> cos @, + m|3_l;_c°gef
- F,o0 + e, =0 (1)
where 6, is the total a.m?,uia.h WW o}
'tl’\e fmm ) Io 'S fAe mais W a’& I.I'L.Uﬁa—
o;‘ﬂ?e. ;Jl.e.a-’brn ond The mets cadvued :

IO= WZL‘Z_‘—-‘S—le! (2)
and the forces in the biceps amd TRiceps
rruascle s (Fz arnd Ft) one 5i'ven 195

FZ: - CZ eé (g)

Fl: C.&-: Cia,,e,__ (‘l)
wheve the linear velocity of the triceps can

be expre gsed af
D)

x &~ o, 06

Using Eps- (2) — ), Ep- (1) can be rewritten

ab
2 e
+ Ca,a 0t + ¢y 8 = O )

et the Forearm unaerjo small o_m?,_,j_m
o\z&«plww (e ) obout the stals ev.ulh'bn’um
[aosi{':(on , & , So thax
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@é:é'—(—e (7>

US‘\'ng Ta.ﬁ(or's’ series &F@nfl'on of cos = szM

—

& , the Alalic eyvubbfu‘wm pesition, can be
ex.daw %] (OGBY /%rrwvaﬁ Va.ikuojf—é):

Cos 6y = cos (6+8) ~ cos& - 8 singd (8D

.a’fzéo and é{::é, EZ' & ) can be

exFresseol o8

USa'nj‘

I, 6 + (my9b +% m,gb) (<856~ An & &)
- 2 o
+Cha, (6+6d) +ca, 8 =0

oY

I, 6 + (‘“z?b"'"'im'?l’) cb 8

~Sin 8 Cm23L+-§m,3L) © + €,%,6

+ C,0v; © + C cu? e =0 €))
Neting that the static e_zu:(.'b rlurn ecumf'"on o ¥
the firecrvn ok €4 = g is given I:j

(msz"'Jim'gL)C”se-"'Caa’zg =o (o)
Inview ¢f Eg. (10), Ep. (9) becomes

2 7 ee 2 P
(g b+ 4 b ™ )6+ ca, €

+{c2w2_ s'n 6 5L(m2+§m,)}e -0

ap.

wlr\,‘clw a(eno'!:es the %uo-bcm o'f mo‘h'on of thke

Soreorm.

291

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

The undam ped natural £reguency of the

forearm can be e)aloressd as

Cpvg— SN E gb (mz+ 4 m)
En = ('2')

132 (mz-f' J;‘ m;)

2-92

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Mechanical Vibrations 6th edition-Rae-Setutions-Mantcal


https://testbank.online/books/9780134361307-solutions

2.103

@) 100 V 4+ 20V =0
using o solution gimilar 15 Eps- (2:52) amd (2.53))

we find : 20 4
T

Free Vibration respense : v ()= v(e). @

= {foo - 5 gec.

5 consfa.h't :
Time 20

5Y W)= VD 4 v (8D

s

- - 22t
WEE oy (£)= 4o e T whew A
w%r"(fj: C = contlond

2 Gl w B Ey.nbmagwm Gives

Loo(d).ﬁczoC’_:!O ar € = E:l:
26t
¥ ~ TTeo ]
v(E)= A € + =
—o .
V()= age 43 T 6 o /-\’—‘"‘z—
Toted Tesponie :
_ze g
vihr= 2 e ' 4+ 3
_2° ¢
Free v(bra{'a‘on res(oenSe: e oe
et

Q

Hcmogerleoui So{u‘h‘on; '_2_ e— P

Time consfa—“t" T = -‘—gg—: § Alec
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- 05 © —o6.5 €
Time W: = E.?_E;-_(o A
Lo
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Let t=o when force is released -

Be Jore the fovce is released, the system is of rest
so that

F — 5 00
ax x (¢) = —1-‘— e o.1 = —

cx 4+ kn = 0 € )
The AuIEon o) Gg-CEJ'-’S%A‘*“l’fo
K,&. _So:c.l.

el A € ing A=o]
cooe t
/ """fc—_—-
(L) = o1 & st >0 (Eg)

USI‘Yj —;L":: \O) = 0:0) ™A CEz )7
~ (509 1o - (5°)°°°/:)

6:gl = 0+ € ar e =0}

N 00
Le., 500

- fv ol = —2.3026

Hence C€= 217147 N=S/,
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2.105

oy = F-D - m3

1000 ¥ = ©§oogo 2000 V - 10°°(7’9‘>

?

1000 ¥ 4 2000V = 4 0,190

.;f{}_}- f\]: 2_0.095 (E)>

A _oajc{::o:
(AR c%gz.(g,)wﬁ' (e)=

-4+t
w(t)= 20095 (a— e’ >

oY _zk> (523

A% (¢) = 20-095 (1-€
d*

Ln/fi%hfa-t—m o’{)— EZ/' (EZ> 9ives

/ —2 € C
.-‘-
x (£)= 20-095 t — 20097 (:2—* e ) !

-1t
-y_(o) = 0
o
> o= lo.0475 & + <
™ ¢, = — to o415
~2t

%« (E) = 20.095 t + lo-oq75 € - 10:0475
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f beamn (m) at middle. Thus vibratory inertia
Assume a deflection shape:
deflection shape due to load at

Let megy = effective part of mass o
force “at middle is due to (M -+ meg)-

y(x,t) =Y(x) cos (wp t — ¢) where Y(x) = static
middle given by:
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X X i ﬁ
Y(x) = Yo [3—6’—_475_] ; OSXSZ

. _F V&l
where Yy = maximum deflection of the beam at middle = BEI
1
Maximum strain energy of beam = maximum work done by force F = 3 F Y,.

Maximum kinetic energy due to distributed mass of beam:

4

2 1 (. )2
= .2 = M
=L B ] ) e ] * 5 o]

0

¢
mw? 2 2
-— sz(x)dX—l-—wnYmaxM
?
2 2 8 4
0
_muiYs |9 x3+_1£zi_31£|g+LYngg
- ¢ 52 3 [5 7 6’4 5 2
_ 15 o |17 M
_E_YD “ 3F’m-l-

17
This shows that mg = 55 2= 0.4857 m

‘ FOr smeall a.ngu(a.r ro{'a:l':ion of bar P& about P,
(kll)ga (6 23) = ?_ k\ (92) -+ ‘L 'k?_ (9 E?_)
(k,z) - kK 15+ * 5

Since (kn)e_a CU\A ‘kg axe in Series,

2
w o (ka)g *3 ®ks IF+ ko ks Ly
B 2
(*n_)ez'f' k3 k|/q|a+ g x;_z-i- k3 13
z
T = kinetic energy = L m %% , U= potenha.i energy= o keg x

If =x= X cos WA t,
1 —
Tmax = %mwn’—x ’ Uma.x"z‘keﬂzx
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Tmax = Uma,x

gives

G,

z
k) 3 £|L+ *, K3 'qz

m i, 1+ ke AL+ ks A5 )

when mass m moves bj x,
2.108) Spring k, deglects by r/q.

e \2
kinetic energy = -;: m (7‘)

T=
U=

potentiol enersy=2{(x) (%)}
§a

For 4ar monic motion,

T’ma.x =

T;no.x = Uma.:. gvves

- =
-é_-'m Cr.9,.,z X > ] Um“_x - "§
&

@9, =

——nn

4m

PPV IIIIA

"<z= 24

=2k
2

e X

Refer to +the figure of selution of
T= 'z'f m % s

. 2

problem 2. 24.

U=——[21<, (% os 45° ) + 2Kz (x cos(3'5> ]
4+ (% + kz)x

—
P

fharmonic motion,

Tmax = Lo LB,.,Z' Xz Umax = "I (% + ka.) X
2
i K+ ¥
Tamax = Umax gives W, = |m 2
. 2
kinetic energy (K.E-) = m x

Pol‘:en":aa.l energy (p .E )

—z—-l-lx+ Jf.rz_"c

= work done n

A'SPI"*‘""ﬂ mass m bj distance x against He total force
(tension) of T + Ta.

-r,z

Max.

Max -

.
K E-

K-E. =

'rz-:

x
T T

from solution of ]D‘roélem 2.26

7_7—
=-'Z—mcs9,.,)(

Max. P-E. 3|‘ve8

a.x-

Lo+ x°

fma.;l: ™ma (f-a)

a.+l: -rz

-
3

- P:E- =

with

.2
}

z %A @
.L('mlz
2 S

. 2 15 22
= —',;(;rg+md‘)e’-= L (melPm) 6
.2

mgd (1— cos ) + 2

cos g =

1-3 6

2
)
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2 2
U= mgé'% + k-é—a"+ * -‘tég- o + 4L kg o
1* 2 2. 2 2
Tmax = 1 (.""-"-9-——)@ > Um.x="§m—2——6.£ @l"'%(‘——’—o:'e)@*ék{-@
Tmax = Ymax gives
1 {0 kf «
G, = mF e+ 9 + "t _ 45. 1547 ;ti for given
mi?* data
g

Refer to the Figure in the solution of problem 2.76

.z
' - e Lk 92)2
U=%ktez+%*1(9"')*' s %2 (
For e(t) = ® cos @yt,
L 0t Uz At 0 kL) 6
Tma_x=-?:c9;69h@ ’ max = T ++ % F

Tmax= Umax _gives

i I
Kk, + ky & + T L 3( kg + Kgd + %, 1)
w3 o S = 2
" Jo 2 4

since J, = ml%/3,

WAen Prt'Sm s J:'SF‘a.z‘.ecl L:l ® L
Ffrom ezufl:l:rium Pos'it.'on, the _Z P
Weng: of oil cln'spfa.ce.cl

T
E%u.i(u'brium L ——jl:

= ‘g Z abx = Y'esf'on'ng force
Mass of prism= m = JZ_a,LF.

positu’on —7‘-_1 —_— —

EZua—f"on of motion:
mx 4 restoring force =o

Jira.:b‘\ % + J:}a,‘x.—_o
So & (=)

Since 9, is e‘ndekenacnf of cross-section of the prism, (v
vemains same even for a circular wooden prism.

1

mR2+§-mR2 é2

1 .2 1 .2 1
2.114 T=-mx +—2-J09=_2..
1

since x =R 6 and Jg =EmR2.

U=-;—k1x§+-;—k2x§=%(kl+k2)(R+a.)292
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where x; = {R + a) 0. Using % (T + U) =0, we obtain

(%mR2)§+(k1 +ky) (R+2)20=0

Let x(t) be measured from static equilibrium position of mass. T = kinetic energy
of the system:

1 .2 1 _ .2 1 Jo | .2
T = —_— 9 = — —
3 mx -+ 3 Jo z m + z X
since § = %— = angular velocity of pulley. U = potential energy of the system:
1 1
U=_—ky?==k(16 x?
g k¥ =5 k(16x)

since y = 6 (4 r) = 4 x = deflection of spring. % (T + U) =0 leads to:

. Jo ..
mx+—21c+16kx=0
P

This gives the natural frequency:
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ASsSume: No /;Lehn_ﬁ 030— the c:;fino(er.
janalie erangy o ta o ledn (T) = g of
torideBmal ord Adalinel (onelic eehgies
_ .Jé.miq’-;-—'?—_J'él (El>
. MM‘ /g/(ﬁ:ﬁ-t““ﬁ)
Since tex 4‘7/6-\'4-‘-}" TLM

2= R or 9""3;5‘(52j

Using Eq. (E2), the Kinetic emarngy can be

expresied af
T Lwi" s Lm 2t =L (wr D) A (B
+ 458" = L (meya)é

) (Etf)
&{’Ra,zn) ewngy , U, due & the
g_.z,{(y.cf&”—w A W Kt o glve =1

2

U = —éfk % CE;)
7z 2 CE6>

= LxRp
Tabje/\—% & Codlot mum&%
8 abge t .

Thee a,ah«.ifd (ov

T+ U = ¢ = conskant CE7 >
B G €3 ) ok B 4 B (B, Ml
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-22 ™m x + 4 x = g9 CE,;)
wh-: ‘%_l:_n_ (Ellf>
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Using Egs. (£, ) o (E5), The Aotad
CEGE ol the Ayilem cam be expressed ai

2 <

T (MR )8 4 L xR 6T 2 o conatink
(Eysd
DLWW G’L E‘Z (E,g) with h_u?;_ec)f' (7

Mme gives
T(mR547)@6 & )4 LR (286) =0 ary
erta>i o wrJie on
Smece g = o o ol T

(mlzl'_*_g-)é’—f- tR 6 =0 Ep)

Ohe ratinel [Fope—cy ot
W%.CEM)) o 24%;27

Z )
s, / r” g

2 -—
mR td

U'?\«-—'I % @lz); Eﬁ‘ @lf)‘”’”( @I?) # Come

2 mR 6 4 xR & =0 E <o
Z
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tn EﬂS: (E,,_{) el (Ez/D.
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E&L"ﬁ"“°f motion:  m3% + e + kx =0 (e-1)
@) st units{ kg, N-g/im, N/m $or m,c, k)resred‘ivelg)
m= 2 -{43, C = oo N-—A/m, K= 4000 N/m
Eg- E-1) becomnes
2‘)2-(-9007‘:-{-4600 xX =0 (-2
(b) British engineering units(slug, b -A/ i /et For

, ¢, ¥
m: 1 k9= 006852 Alug ™

C: 1N-A/m=oc.06852 Mhp-4/gt
(since o-4 y-s/st = 5s.837 N-8/m)
®: 1N/m = 006852 Mplt

Eg- (E-a) becovnes

x : . 0'06852)% =0
2 (0-06852) = + oo (© 06952)9: + 4000( 25'5)
i 7.55-:-80072-(-4000 xX =0 (e-2)

(c) Brit/sh aJoselute units (,U,, &cuhdd—,x/b«{' ’ Pdum.o'd/gf
for w™, C, 4;)

m: 4 kg = 2.2045 4b
c: 1 N—A - 1-233 Poun&n.l:f = 72 20[(5 PounM"%f

™ 3.291 §t
k: 4 N oo 7-233 P°“"°‘.°:.’Q = 2:2045 Poun&i/ﬁl’
3.281 §t

Ey: (E-2) becomes ,
2(2.2045) X + 8co(2:2045) % 4 4000 (2.2045)-&:;
Which cam be ASeen 2 be foma ak Ez.(E.z,)‘

(d) Mefric engineering units ("“3;""1/“" > Kgg= A/ e >
kge/m Sor m,c, k)
m: LK) = 0.10197 Kgp-57"m
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c: 4 _“L;_ - (9 80‘73 kgp —%  u o199 Kgg-A/
2 g]

N

tw s (iffg__————‘ - 010137 K3¢ /m
™m

Eg-(E-2) becomes

2(0*{0(?7) % + 8o (O'lol‘?"):’t + 40¢oo (°"°|77>?:.:)

k:

which cam be ASeen fo be sawme as €. (E:2).

(.e) meh'.c aj,Soluf'e oY st 55s{'em (ayam, d:,ne—ff /cm)
dyne /o Sor m, C ommal ‘K)
m: 1 kj = |00g Gromi

- 5
c: 4 NE o o' dyae-t 00 *3"‘9”‘/“'"

" to?
f . N 5 dune
R o ZJ»% _ looo AynE/cm
(02 Crm
Eg: (E2) becomes
2 (1000) % + %00 (1000) % + 4000 (1000) % =0 €)

which com be feen to be Same as Eg- (E-2).

($) us Cusf'omory units ( W, U';—J/.ft > U’;/ﬁ' for
m, C oo 'k)

m: 1 4%y = 0.06852 Aluﬁ = 006252 les ”;/H'
= 2.204 ﬂ-;/(gg.z g /4%

. N-A4 . - he — 4
¢ 1‘_\‘7'—: °-224¥ u; o = 0-r0 6852 U:f /ft
3.-281 |f£

_ 73 t
k’iﬂ;;,: 02248 %;_,,g/?.zg' §+_o~068‘;2 f/f'

Eg: (€:2) becomes .
2 (0'0‘253-) '5(: -+ foo (o-o‘zsz) 7.‘ + 4000 (O 0 6252) n =

(e- D
which cam be cdentified 1o be sawme af Eg: (E-2).
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™M =5¥g, ¢z 500 N-£ 4, 5 k= 5000 N/m
| . Uno\a_mfeoq Y\a:l'urol ffezuenc_cf;
<ﬂn=~ﬁg =/5:°° = 3(-6228 rad/s

cr{'h'cai a\a»mr:n'nj constant: C = Q_J«m

c.: 2 \[5‘ooo (5D

=316 2278 N-A/m

Do p -’nj ratdo:
[ X-)
=< - = = 15911

- —

Ce 3le. 22718
Cmce i (S overala.mloeal, the Sgrf'em will pnot have

dawm ped freguency of vibration.

m=z= 5 &9, ¢ = 500 N-2/m, %= 50,000 N/m
UhAO-mloeu\ Y’G—‘['\M’CJ ngZUency :
W= \,‘?}T = ,15;9-{—_93 T 106 ro:a‘//!

criticak dawm Ping constant :

4
C. = 2{km = 2 (50000 ¥5)2 = l,OOON"/S/Yn

Dawm F:V\J ra,{’l'o: \s - C_ 500 - 05
c, 1000

System s underd am}-ea.

fDa..rnPe_a\ natural -fre-%uenr.j:

2 ]

e, = G, 1-%* = 0o \[l—@-s)z

- 86-6025 rac\//s
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m = 5§ g, ¢ = 1000 N—A/m> %= 50000 N/m

/ Undamped natural ;Fre,?/uencyz

= % _ [s50000
WOn = \|— '\f——g—* = 100 rad /s

Crl"(n'ca_k dam r.n‘uj constant:
C = 2Vkm = 2\/50000(53 = 1000 N-5/m

<

Damm ping ratio :

v= £ - looo
c, looe

System ic c.r.‘h'caﬂj ola.mt,r_d,

C-JJ = S, \’a--gz =100 (1= 12 =o

Damped natureh :?re.buen(:y iS Z€ro.

2-109

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

Da.m’oec’ Sinjle d-o.f. gys-‘-em:
\'h‘-'- {o k?’ = (O o000 N/m » r: ol (uno‘erdampeo{)
= /4‘ - [tooco
“n” "F=?l-6228 red [5

Displocement of mass is given bj Eg- @.'7031).-

x(t) = X grw"* coS (C&J‘{: - 96) (E")

where

6 = o, T2 = 31-6228 \Vi-o-0l = 314647 vod /s
a4
X= (o @, + % + 2 %o Ko S On) ’/CJJ (2-73)

cuvd' -1 ";Co-f- ¥ Wn x,7 (2'_1;)

(Q.,) ‘Ko-: 02w, ’;ﬁo:o :
% = {e-2)* (3"6228)2}73|-4647 —06.2010 M

_ g -t (ot (316228)(0-2)) _ 4 -1 (c-1005)
¢ = fam ( o-2 (31 464T) -
= 5.7391° ar 0.1002 yod

—3:16228 %
S x(t)= o-20l0 & coS (3[-4547f-o»lool)
™m

(-b) x, =02 , %o =0

X = {Q—o-z)z(?l'C228)1;E/3.,4gq-7 = o0-20(0 M
= . . —o0r2) —i

- ! o1 (31-¢228Y) (-o-2 >_ 6. 1005
# ( GCo2)@l-4647) = tam (

= 185:7391° 07 3. ,.,5 rad

(Since both numevator o Amminoj’er i EZ'
2:75) ove negative, ¢ lies in third euaol*ram't)

~-3-1623t

~ x(t)= o20l0 € CoS(B(-QGQ"I‘f—B-‘lQI?)
™
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2
X=Jve2 66356 m

346477
B= o 'o'ai) = tem (@) = 90" or 1.5708 rad
-3.6231
s % (t)= 0.006356 € ot Cg].QéQ'? -E-lc57°9>
™
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Damped single d-o:f. system:
m= 16 %, 4= 10,000 N/wm, T= 'o (crH'iaJij damped)
- |[% _ [lo,000
Wi = E '\f——n——' = 31.6228 rod /s

'D(SP(O"'GM of maks given Io_y Eg- (2.80):
w(t) = {'ac,,—(- (";-o"" G’n*—o)t} e-wnt
@) ,=o0'2m, ‘JEO'_—.O

—31. 62281
§o-2+ 316228 (c-2) t } ©

—31.6228
=(or2 4+ 63245¢%) &’

% ()

1\

L W, —0:s2 M 'i. =0
S ° S _3|.62281‘:

x () = {..o.q. + 31-6228 (—¢2°2) f} e
_ 316228t

— —(ee2+6:32456 ) € ™

<) ‘J:-o.—_o'?.m//%) Ko = O
3. ¢gz228t
x(#)= {ozth e
_31.62238 t

=O'2£e m
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Single d-o-§- system :
m:(o Kg, = (0000 N/m , ¥ =120 (over oQa,mPe_&)
@, = ’ﬂi = /‘°°°° = 31,6228 rad /X
m (o

’Displa.c.eme.nt of makls given bj Eg- (2:81):

Cx 40521 ) wat (-v-Jx2-1 ) wat
e

x(t)= C, € + <,
where i

C o Xoon (“g-f—\/s‘-—t ) + *o

! 2 W\ T -1

- Ko (Op (‘s‘—x]?_'-')“';‘o
27 2 Wy (T*-I
@) %po=0:2m, 3%,=0
c,= o2 (31-628)(2+13)  ..2iEE
2 (31-6228) {3

—o0: . 8) (2-V3

0:2 (31622 )( ) e o154
2(316228) V3

e("2+ﬁ)(3!~629_8)f
(-2-J3)(31r6228) t

x(t)= 0.2155

—0:01547 ©

- 8:4749t _llg.eté3 t

m

(") L -0/l wm, r;cozo
—0-2 (31-6229) (2+43)
2 (31-6228) V3

= —o0-2155

C =

0:2 (3!-427-9) (2",—?) - 0:01547
2 (31-6228) V3

C, -
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(-2+63)(31-6228) €
x(t)= —©0-2155 ¢

(-2—-J3)(31-6228) +
+ ©:.0I1547 ©

—8- 471491 —18. 0163 ¢
= —-o0:2|55 e + o0.0l5477 € m

«) "x.o.':o)'iO:c.zm//g

o2
C, 0: 60

2 (31"6228) V3

C. = - o2 :.—0000,826
2 2(3r¢228)¥3

—2473) 31-6228t
x(t)= 0001826 { e

(-2-V3) 316223 t }
- e

g 4749t ~ 18.c163t
:o-oolSZG{e - }‘ m
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TorSwnal stiffrness b the »{%.a.,bx o’&oha.vm.eﬂ}» d amd

.ﬂw\iﬂiﬂ is given by

G Ie _ o4

I- & (1
Since the shafts on the fwo sides of the disk act
oS Pma_wl {’ors’nono.x /Srrmj's CLE_CM.L&L 'ﬁ\—e

s Aheoned chj the twe Trbimal

—
-

i’or&ue on 'H:fe
A’P"ung«‘)a the rlv.wuimt /%’F)M\j colond i£
j‘(VQ'\’l l"_’j d"‘ - d 4
G T oy 2
= % 1 =
'k*’eﬂ b TE2 324, N 32 4,

JL!
il G
= GTTJ"(K,-!-X?-) (2>

32 L L2

Using Ql: Rz: }E § Ez-(?.) becomes
g 4
%, = cmdt (+ 3 _ &md )
1 32 (_f) 3 {
l,
Nedistal WM orb, the ditk n tvronal
vibrofion 4 %(‘VGH Ly

[Kieg _ [TG 4"
T g LT
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n

% n Vecum = @5 Hz = T T"”“‘//s"‘="":
J= $we = 931/ T2 = 0,9940 ™
Gy = Wy, W in viscous medium = 0.45 Hz':- 09 r‘ug/"’a:

= - 2/ 1~ g8
TZ: _ﬂ___—-w”—w‘; = Tl"( T >= a.19

Eor pendulum, Oy

2
(3% T
T
2_ e . I3 “ £ 9 =O
Egucu’:n‘an of motion: mi” @ 4+ cp @+ ™

C, = 2.(1?‘22} 6, = z_(c)(o-??l{)z'(ﬂ) = . 2080

c<

T= St o= 5. 4359

Stnee W, = f_cr;_ = T, /‘i

C.é. = ¢ CC‘L‘ :‘g’(z)(mllz)cdv,
- 2.7061 N-wm-5/rad

1

= ‘. 2'" . 8\91
‘?AL,':— = 9 8!/7r = ¢.99 "

0.4359(2)(t* 0.9939°)( )

From Eg. (2.85),

x] 2 T
?-H . .
(2-8904)° © L 04179
3= z 2 -
@-8904) +4 T
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(@) If Awmpa'nﬁ is doubled, Trew = 0-9358

27§ 0:8358
hew ZT"( ) . = 9.565¢

L = =
J*" Ji- T2, Vi- (0.8358)%

X5 - 14265.362
x}'.,q
(b If cla.rn;m‘n_q is f:alveo!,

¥ = 0-2090
277 (0:2090) = {3428

> Toew
( AL \]_'—:—i: JT— (0-2090>2'
= 3.§29¢

s
X+ |
where W = Ji— 7% w,

-Tw, t .
o x(®)Y= X e sin a,t
For maximum Of minimum of x(t),
X é-Tw"t (—j’c.s,, sin Wyt + Iy cos C.Gd*!:> =

e..T(,s“-t =+ o0 for finite t,

— T, sin Wyt + g, cos wyt

i/

= 0

i-e. fa.n wa't =
Using the relation
sSin 034{'::: - - "-_—i‘ T
\/’i+ ta,n Cddt \/i-i-(m
T
we obtain
Sin w‘lt =V i_Tz 3 cos w‘.f =T
and
sin Wyt = - Ji-T* , cos wt= -7
— Y -
ji: - T n't [T’-CS: S"n L«Sdt —1.;@“&3& CoS (-a"t sin G’Jt]
when sin Wyt = J1-T* and cos Wt =7,

z -Tw,t
£~ _xé€ Wl Ji-7* < o

-—

dt?
= \Ji-—T" ccrresPonJr to TMaximum o} x(t)_

.. sin wdt
when sint=—Jt-T* and cos GYt= -7,
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2 —yuw,t
jt’;: X e’ wr Ji-v* > o

. sin Cx%f = - [1- T" corresFa'nd’S to minimum of x(t)

Enveloping curves: 2T ~-oo o \/'xi(t)

Let the curve :' _ Tt — .
posSSing through the o0 ! —er ng?;:f;:}
Maximum (or minimum) N A ¢}

oints be I
X.({:): C' e
-1
For maximum Poin‘&s, tmas = $in (‘M-"Tf_)_
3y
and r
-TW, tm - TG, Liax
¢ ¢ I " - Xe sin 09y trax
re- - r_—i—"y"-
- 7wt
o, ()= X Ji-7 e _
) | it (T
Sfm;la.-fly fOY mi‘nfmum FOlﬂts, 'em'.n - wd
and _
‘ 3 b wn tmm
C E_T @B T = X ¢ I sin G5 € i

e o= =X Jim7t .
- T U5,
- ‘Xz({‘) = - X Ji=3* €

’ @)= [ x,+ (%, + W %)t S Wt
. [xo+ (kv wax)e] €™ o

For xo >0, graph of Eg'(eﬁ->
is shown for different x, -

we assume x, >0 as it is the
onlj case that gives a moXimum.

For maximum of =x=(t),

%:—: é’wnt {‘(‘io_’_wn zo)(ﬁﬁt + ‘io} =0
tm = e ---- &

B (%, + @n o)
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dhe L gnt £, %, ik ke - 6 (%, + %)t Fo )
at*

) and (&) give

. s W %) t
dt’- ‘t=*7ﬂ
L) ) o 2 (E )
= —e—w ( 6,“(7.5‘,-!-(\91-.10) { WBa%, + (A Xo} —-——— 4
. d =
For %g> 0 and X, > O % < ©
Hence +. given b Ez. (Ee) corresFonAs o a wmaximum of x=(f) -
-, tm
& + (ﬁn xo) xO } e
— + -] -
zlt_—”&’” - {xo ( . 631-. (xa"f’ Sy XO)

- (x, + .%‘-;—) 6’ (:i:—;::> R (-7

‘ e -
\ Epuation (2.92) can be expressed as - 4. (_._

For M(y&&-; m=% and hence S‘Z/Z“(——zan(olg

. . =3.7942
Necessary dawmping ratio T, is
T & f: 3.7942%
N [P e e
= 05169

(;J{: T= .——Te = 03877, the overS‘Loo‘t can be Jetermu‘na? "J

;ma.ng s from & (285) o
le"S' 2T (0' 377) — 2.6427 =2 Ym( )

e J_—:—O'B_S_‘;;?

*t

= x/ +32135 = 0.26G775 X,
X.{.— o/ e

-/
overshoot is 26-67757

(2: < = _f__.*g-°= 0-G4Gl , § is given by
%0
= A S (0:646D)  _ c.3189 = 2 Z..(" >

,’i—T" - ﬁ (o.eq.s\)z
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Xo = 14.2888 x

+ = o0°0700 *o
x®,y 2
z

* overshoot = 7/,

(i) (a) Viscous damping, (b) Coulomb damping.
i) (2) 74 = 0.2 sec, fg = 5 Hz, wy = 31.416 rad/sec.
() Eb)) Ti — 0.2 sec, f;, = 5 Hz, w, = 31.416 rad/sec.

.o S'wn Tq
11 a
) @ 5=
X 27¢
In|—1| =In 2 =0.6931 = —=——=
L‘i+1 Vi-¢

or 39.9590 5‘2 = 0.4804 or ¢ =0.1096
Since Wy = Wy V 1 — ¢, wefind

wg 31416

Vi-g Vossres

Wy = = 31.6065 rad /sec

c

Hencec =2 m wy ¢ =2 (—SQ-) (31.6065) (0.1096) = 353.1164 N—s /m

(b) From Eq. (2.135):

k=mwl = :—00— (31.416)? = 5.0304 (10*) N/m

Using N = W = 500 IN,

0.002 k _ (0.002) (5.0304 (10%)) _
TTAwW 4 (500)

= 0.0503

(a,) C. = 2 ‘I_: =2 JSOOOXSO = {000 N-"/"""
by €= ¢./2 = 500 N =4/ m |
A R o A ER O

= 86603 rad/sec o
2Tv
(€) From Ez.(z.SS), S = _221_:- (EC;;) = <0 (—————)

8.6603 1x 50

=3.6276
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! lE

To find the maximum of x(t), we set the derivative of x(t) with respect to time t equal to zero.
Using Eq. (2.70),

()= X e % sin(w, t ~ @)

d);lit) =-Xgo, e sin(w; - +o, Xe*> cos (@, t - =0 (Bl
ie.,

Xe %' [-go,sin (@, t-§)+o,c08 @, 1-$]=0 (E2)
Since X e ™' #0, ,

we set the quantity inside the square brackets equal to zero. This yields

o _ JI-¢ o, _ Ji-¢? E3)
g

g &, G B,

tan (o, t ~ ¢) =

or

o, t—¢=tan"[‘-—1;—g—] | (B4)

A

(@)

In the present case, m = 2000 kg, x0=0, v = %, =10 mv/s, k= 80,000 N/m and ¢ = 20,000

N-s/m and hence

\/‘ \/30 990 _ 63245 radss, ¢, =2k m =2 |[(B0000)(2000) = 25,298,221

N-sfm, ¢ =clc, = 0.7906, @, = @, |1 — ¢* = (6.3245) {1 - (0.7906)* = 3.8727 rads,

/ J1 - 0.7906*
tan = {_\'_1___] [—l—-q-w—-J = tan "' (0.7745) = 0.6590 rad.
g

0.7906
For the given initial conditions, Eqs. (2.75) and (2.73) give

b= tan“[loo) tan ~' (o) = —é- =1.5708 rad and X = %2—7 =2.5822 m
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(b) Equation (E4) can be rewritten as
3.8727 t = ¢ + 0.6590 = 1.5708 + 0.6590 = 2.2298
which gives t = tiax 88 {1y = 0.5758s.

(a) Using the value of tmax , Eq. (2.7 0) gives the maximum displacement of the car after
eﬁgaging the springs and damper as

X ) = Xy = 2.5822 ¢ 0PI o5 (3.8727%0.5758 ~ 1.5708)

— 2.5822 (0.0562) cos (0.6591) = 2.5822 (0.0562) cos (37.7635°)

= (0.1147 m.

Note: The condition used in Eq. (E1) is also valid for the minimum of x(t). As such, the
sufﬁciency.condition for the maximum of x(t) is to be verified. This implies that the second

2 ny a
derivative d l,l([) at t = tmax, should be negative for maximum of x(t). ‘
at
. rad
W, = 200 Cgc.lGS/mfn = 20944 ra-a/sec s sz {80 nges/mm = 18-3436 Tec
2
L= 02 kg [ 188416 2
. 5 e - [ — = 0.4359
Since Wy = Ji-5% Wn, TF i—( wn) - \/i (20.94—4' o-¢
= % g Ct

Ceri~ 23, W,
Cy= 23, 8,3= z(o.z)(zo-sqq)@-z,ass)

= 36518 N-\m—f!./mcf .
Eg. (2.72) can be wsed to obtain €(t) for §, =0, @,=2 = 003491

rod and t= T = }CS%_ = ©.3333 sec,
T ont Wt + 1&‘22 sm Q9 t }
9({:) = e 8, {r_gs y ©1 9

- (or 4359)(20-944)(e-3733) (0-03491) {cos 188496 x 0-3333
e

4+ 04359 x 20944 . g40¢ xq:3333 }
18.949¢

— 0,001665 Tad = 0.09541°

Assume that the bicycle and the bo{r fall as a rigid body b.y 5 cm at point A. Tglu_s
the mass (m.q) will be subjected to an initial downward displacement of 5 cm (t =

0 assumed at point A):

xp =0.05m, Xg =0

keq \ﬁSOOOO) (9.81) _ 24,7614 rad/sec
wh = F 800
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Cc=2mwy =2 800 (24.7614) = 4038.5566 N—s/m

= = =0.2476 (underdampin
4038 5566 ( ping)

Wy = Wy ‘V 1—¢ =247614 V1 —0.2476° = 23.9905 rad /sec

Response of the system:
x(t) =X e £“** sin (wy t + ¢)
21 L
. 2
Xg T § Wp Xg

where X =1ix% +
Wa

. 2
(0.2476) (24.7614) (0.05) | | _ 1 051607 m
23.9905

=1(0.05)% +

%o Wq -1 0.05 (23.9905)

—tap~)l | ———— | =
and ¢ =tan™ | tan | 0.2476 (24.7614) (0.05)

= 75.6645°

Thus the displacement of the boy (positive downward) in vertical direction is given
by
x(t) = 0.051607 e~ 81309 ¢ gin (23.9905 t + 75.8645°) m

Reduction in amplitude of viscously damped free vibration in one cycle = 0.5 in.
415 X 8.0 X 27¢

1
—_— = —— =1.0909; Iln — =0.08701 = —/———

ie, 0.007571 (1 —¢2) =30.478602 ¢ or ¢ =0.013847

47—'4=02 sec = 2% 3y = 31-416 ra_ol/gec

. a
From Eg. (2.92) S= ELE @10 = 0:04605
8 0-046C5

T= ‘j——-—r——;_\ = = 0+00732°2
yAid -+ l
(zm) 8 \/(7-"') + 0.04¢05%

NLen Aa.rnpmj 5 r\ealec‘f:e.c! r

W, = ‘*’4/[1'-7-‘ = 31-417 rad/sec 5 Tw= G, = 0:19999 sec
(o-z — 0:19953

Proportional decrease in perod = ): 000005

o2
; ~ For Crh‘:n'ca.l,(j Ja,mped system EZ‘(2'80> gives
= (t) = {xo-;- (io + W, %)t } e-u"t (51>
'3((1‘:).—: e—wnt { 1;0 _ "Co Wat - Qgi xot} @z)
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.

L,e,:‘: ‘ém?.: ffme QI’J w}'n'cl-» = Koox and X = gceur,

Here 2, =0 and %, = initial recoil veloeity. By setting

f{((é) =0, EZ'(EZ) gives

L o . _ 9':0 ! (e )
[ = _ — = e 3
", (%o + €9, %0) 3, %o “
With E?; (E;) For %rn a.nc? Xp=0 (E'(> gives
. __G_} (, e —i
x‘ma_x = % {:m € i = %o & (E"‘)
. wh

Us(nﬁ ’.‘CM: 015 M omd 2‘0 = (o }'u//g, EZ. (Egr) 5;V€5’

Wa = x /(oc,Mx e)= lo/(o.s # 2:7(6’3):7-35'?5 "“‘9//5’
when wats of gun is 500 I, stiffness of Apring IS
g=WE m= (7.3575) ®(500) = 27,066+ 403 N/mm
Note: Ofher velues of =, pnd m lan olss be used o Find
L Finally, the Si‘xgﬁ’fness corresponding o least st

can be chosen.

/ 4 = 50c0 N/m ’ C.= o-2 N_g/m,,, =200 N_,g/m
@ =Z\I‘¥<'m = 25000 m

M:Zk}

Wnz [kfm = = \/s5000/2 = 50 ra,d/s'ec

Loga,rh‘:l-»mt‘c decrement = § = _2T Tz 2.0
1-'5
<

.. — — . 3

te€n T C 0-303 a.vn.‘! cC= o 23033 (OtZ) = @O~ 66 N—f/fﬂ
ASsuming x,=0 and =, = m/s;

. .t ,;. :
'X(‘e) = e s 2 3 {— Tz wﬂt
w, {1—-71%
. = ~

For Tomax, b x W and s VITTT it x s

e 4 Tr
o _ —o3033( /2 i (1) = 001303 m

max = € 50 V4= 0.3033

’ For an overdamped system, Ep. (2. 8I) gives
@ —TGS t ewd‘l: —

x(t)= e (<, + C, € 4t (1)

Using the relations eT™® = cosh x = sinhx E2)

EZ,(E,) can be rewritten a.s

x (%) = é-Twnt (CB cosh wyt + C’4 sinh 0-94'&> (E;)
2-124

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
—_— Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

where C3=¢+¢, and c, =0, -c,.

Differentiating (Ea) ;

@ - w t -
x (‘(7) = e T n [C3 “'9.,[ sinh C'SJ'L' -+ C“' C‘;e( CoSA 554'(‘.' ]

~ 76, € “nt [_C3 cosh tyt + C4 sinh g€ ] (E4>

Initial conditions = (t=0Y= %y ond x(t=0) = x, with (€3)
and (E4) give

C3 = Xy , C4 = (xo + T, 'xo)/agd (E;)
Thus (E3) becomes
-y, t
z (t) = Rl (
t) x, e . g&SAt Cddf + wd" stnh C&dt>
x - J Wht
+ w‘; e sink a5t (E)
x ()= *T"S“*( hot + 20 cinb et (
= %z, € | cosh &t + @, sinh &, > E7>

. - T t
Since e r ) cosh CJJ'{: 5 chj”_ a.,ncl sinh CJJf do not

. , d -

Cka-nje‘ 5'3’.1 (a-lwa.gs Fosc-t-ave> and g Tt a,},rraa‘c_;,eg

3ero with tncreasing f;, %(“7> will not C—}\a.nje Ss'gn.

(i) when =z5=o0, & . (E¢) gives

y Tt

x(t) = % e g sinh at <EB>
Here ales, ws 5 é- Twat arrd  sinh O.zl‘(: do vot C-ha.nge sign
(a,lwa.js positive) and E—Tw"t afproaches Zero with
increasing ¢ | 2 (t) will not CAa.nje sign.

Newton's second law of motion: , ™ X
o e
. ) —_—, X, x
YF=mXx=—-kx—cx+F (1)

EM=J029.=—FfR (2) /S\A\ >
,k X’ =% / J <t cx
where F; = friction force. F %6
F,
' R o F
Using J; = o and 6 = %, Eq. (2) gives
__ 1 2] X 1 ..
Fr=- 55 [mR) 5 =- ms @)

Substitution of Eq. (3) into (1) yields:
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-32—mii+cfc-|—kx=0 (4)
. B 2k 5)
The undamped natural frequency 18:  «h = 5o

Newton'’s second law of motion: (measuring x from static equilibrium position of
cylinder)

2F=m§=—kx-—cf;-—kx+Ff (1)

PM=1J 6=—FR (2)

. 1 2 A — }‘_ .
where Fy = friction force. Using Jo = 7= R? and 0 7 Eq. (2) gives

1 . (3)
=——mX
F{ "2 m
Substitution of Eq. (3) into (1) gives
Pmgtekt2kx=0 (4)
Undamped natural {requency of the system:
4k (4)
“o = 3m
34
« (e %)

Consider a small angular displacement of the bar § about its static equilibrium
position. Newton's second law gives:
j sel(3e) . [o2][e] —sifoc] (¢
ZM:ke:*kff]Qj—°F4HJ 3k[4 4

e c » 2
i Zkéf6=0
ie, Jo0+ T g + 1 k
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where Jg = —4% m ¢¢. The undamped natural frequency of torsional vibration is

given by:
I ]
3k _A /36 k
Wy = = —
4 Jo 7m
Let &x = virtual displacement given to cylinder. Virtual work done by various
forces:

lnertia forces: §W; = — (3o B) (69) — (m %) & = = (3o 9) (%) —(m¥) &

Spring force: W, = — (k x) ox
Damping force: 6Wgq = — (¢ X) &x
By setting the sum of virtual works equal to zero, we obtain:

—-Rg- {%]—mx—kx—-cx=0 or %mx+cx+kx=0

Let &x = virtual displlacement given to cyllinder from its static equillibrium
position. Virtualll works done by various forces:

. . %, 6 ..
fnertia forces: OW; = — (Jo §) 86 — (m ¥) 86 =—(Jo %) (5)— @ ¥) &

Spring force: W =—(kx)5x—(kx)5x=—2kx6x

Damping force: (Wq = — (e x) &x
By setting the sum of virtual works equal to zero, we find

J .. g .
_%%—mx—2kx——cx=0 (1)

Using Jp = —;- m R?, Eq. (1) can be rewritten as

%miﬁ+ci+2kx=0 (2)

~as:

See figure given in the solution of Problem2.114. Let 59 be virtuall angular
displacement given to the bar about its static equilibrium position. Virtual works
done by various forces:

Inertia force: SW; = — (Jo 6) 60
Spring forces:

3¢,,3¢ e .l |3
bVV,=—(k6’T)(T56)—(3k6-;-)(-z56)— Lkeﬂe}ae

Damping force: Wq = — (cb %—) ({— 66)

By setting the sum of virtual works equal to zero, we get the equation of motion

Jo'é+cfi-9+§-k€29=0
16 4
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B See solution of Problem2.93. When wooden prism is given a displacement x,

. i - — 0
tion of motion becomes: m X + restoring force . L
240 :;1}111;;0111 — mass of prism = 40 kg and restoring force = weight of fluid displaced

= pg g abx=p(9-81) (0.4) (0.6) x = 2.3544 po X where pg is the density of the
fluid. Thus the equation of motion becomes:

40 % +2.3544 pg x =0

2.3544 pq
Natural frequency = Wy = 0
Since 7, = LK. 0.5,we find
Wn
2.3544 pg
Wy = _2_.1 =4 7T = V
0.5 40
Hence po = 2682.8816 kg/m®.
Let ¥ — displacement of mass and P = tension in rope on the left of mass.
Eguations of motion: ) _ .
YF=mi=—kx—P or P=—-mX—kx (1)
ZM':JQ 6=-'PI'2-'C(61’1)T'1 (2)
Using Eq. (1) in (2), we obtain ‘ '
. ——(mic'—.i—kx)rz—céf}z:‘foy (3)
&
With x = 8 ry, Bq. (3) can be written as: . . ‘
To -{-J:ctrg)'fj'-l-crl2 04+-krid=0 (4)

Tor given data, Eq. (4) becomes ¢

(5 + 10 (0:25)%] & +¢ (0.1} O+ L (0.25)* § =0

or 5.625 4 +0.01 c 64-0.0625k 6 =0 (5)

Since amplitude is reduced by 80% in 10 cycles,
. i:_l_:g-—_—s,-_—elofwnrd
X311 0
o L =[n5 = 16084 = 10 ¢y 74 (6)
X .

Simee the natural frequency (assumed to be undatnped torsiomal vibration

frequency) is 5 Hz, w, =2 7 (5) = 31.416 rad/sec. Also
2w 2m

o L _ _ 02
' fa “a wVi-g Vi-g¢

)

Eq. (6) gives
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62.832 ¢

. 0.2
1.6094 = 10 ¢ (31.416) ——] = eS8
05500 5720y | - 22
e, Vi—=¢ = 62.352 ¢ = 39.0406 ¢

1.6004
— . . fe, ¢=0.02561
Tc(né) Thus we obtain:

NN e ‘
W = Y -9'—29—62255-11 =31.416 or k = 8.8827 (10%) N/m

e e c. 0.01 ¢

: =002561 = —4- =2 = -

¢=0 Gy 2y @, 2 (5.625) (31416D)

or ¢=905.1342 N-s/m

— 3
‘ Torzu-e = 2% 10 N -m

a-nsle = 50° = o divisions , .
. For o torsional system EZ'(Z'G‘]') gives

6 _ T WYy (E,)
e, € |
(b) For one cycle , T, = 2z sec and (Ey) gives
80 _ esz" or T, = & An (16) = 1-3763 €2)
5 o

Since Ty = st: == wn’"
2 5 s

[

!’.'e‘l (49”

d) stace o.ngulax d«’spfau:ement

= 50 = 0.8727 rad,

2 -
{3863 = ({-7715

E
= 3. 4339 ra.,dl/sec (es)
of rotor under applied torgue

-3 /
k{: = 't'or&ue/a-hju'a.r d;ﬁs’P’a—Cemenf = Xt /0'3727 (E>
4

= 2.2917 x& % N-m/rad

t inertic. of rotor (s
() Mass wmomen of s e ae e )
Jd, = ﬁﬁ—: 2.2%917 X lo /u.‘??ls = 1-94
° o (€6)
; - n _ 1.3863 __.
Egs- (Ez) amd (E3) give T= G = 34239 —0.4037
Ep- (E¢) 9ives ¢ = 5.3887 x16 % N-m-4/rad.
2-129

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

k) wm= 10 kg
€= 200 N-5/m
= (000 N/m

€) wm=10 Ky
c =250 N“'-s/m

= l0oco N/m

‘ () m=lo Kj
_ C‘-'I‘SO N-s/m

= 1000 N/

= 661438 rad /s

(Cr«‘f.’u’ta-uj —a(a.'mPEﬂ()‘
(under- o{a.mpe.d) ‘

I !

| |

| |

i I
I

| )

’ '

’ ' flooo' | ! .
s, 7 | W = _1:: :Ca9n: —5‘—-
= 10 ra.—c,/s : =10 ra.c(/s : = lo rad/s

|

| < <

‘s'.: __C_—-— - — ! =
2wm Wp : 5 2wm Wn :r 2rm UWn
e o"[gl _ e¢o00 _— t _ 250 |25
= —cel5 e = {. , = ———= 1I:
2 (1) (i0) I 2 (10) (10) ! 2 (10) (1e)
1 i
2 } I .
CJJ: o I - F ,Cdd: 10 \’1- loo “—'-94 = not a,ﬂb/,ca_ue
Y i | C! J
- 0.75 = over-dampe
0\‘| 0 | o : ( P )

: I

|

]

i

(@) Under c‘ampeol Sjs‘tem: ReSFOﬂse: Eg- (2-70)
v on {7(':-(- <£°+Twn %o Z}yz (E">
iy >

US\’n3 Ko = 01, 7'<°=(o,“§: 075, W, = 10, wA_-_ .6 1438

Ez- (E“> Sl‘ves Xo - "62832 ™™ .
¢o= cm:I (._. Xo + Twn' 2t°>
CGJ 'xa

'(’m’ (__ t6e + 015 (10) (0.1) - 96.47908’
.c1438 (o = - 150935 rad
Eg. (2:70¢) gives: [ )
x(t) = (-62832 ¢ COS<6-61£{38 t + 1:50935 ) m
() critically damped system: Response: Eg. (2-80)
x(€)={7co+(io+w c){,}_wt
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—ie t
=fo1 4+ (toy toxo) t e '
s+ ) et m

() overdawmped system: Response: Ea,(z.s;)

USing \r‘;—z_:?z\’l-'lsz"" =0.75, we obfain
R S cy (352
2 U, \‘.52_1

o1 (10) {!*2'5-!—0-'75}‘-'—‘0
z (10) (0+75)
C = - Kg 9 g‘s-'-\l*;z._]}_,_ ;‘o

2 © Eg.(2-82)
2 Wy 2o

\
Q
o

- — 0l (lo) {I-ZS _0-75}—10 .

VA (10) (0'7‘5>
Eg. (2.81) 9'ves

,, . t
- ,' 2. WLt (—-T‘ Tz")> n
e( 5PN ,) + CZ

€

(-125 +0:75)(1e) t (-1-25-0.75) (120
= 0.8 € - 07-€

-5t -20t
= 0:8 € - 07 €

x(t) = C!

. » Ehergy sts:]pa;bul in o cycle of mo‘fl'on,
7‘(%): X sin 094'1: > is given b‘y

AW = T ¢ wy Xz E-D
@) wn"\l% = "ofzo = (o ra.o(/g
¢
7= = 29 = 0:25

2m Wy 2 (1) (10D

CGJ = Wy, \/l-— Tz = 10 \{1— o-ZSZ = 9.682458 ra.al/s

For X=o0-2wm, Eg. (E.1) gives
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co-83682 Joules

AW = T (50) (9-682458) (002 )

(b) (_.}h:\]—i‘.-; O ra-d'/s

- ¢ |50
y=—— = - 018

2m Wn 2 (10) (10)

2
0.9‘;: w“‘/(— Tz = lo \{1—0'75 = 6.614378 ‘I‘GLO(/s

Fory X = 0:2 m, EZ’(E"> gives
AW = T0(150) (6.614378) (0.2 ) = 124.678385 Joules

"
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E?/.uatah of motion:
3
06 % + 500 = + loooe x + 400 X =0

(%) Stalic WWW }aosf":t'Oh is 3:‘ven Lj 7= s

Ao theX , For the nonlinear /?}ara‘nj,

3
10000 KXo + 400 Ay Tng = 00 (?'81):98l

The velue aﬁ. x, 4 3;‘ven by ke root O’&

400 —xog 4+ l0oeco g — 3881 =0

@oo’i‘s from MATLAB:

Koz 0098\ ™ other roots: —-o-o-’-(‘)oi 5-ooo7A>

€D Livaariged 42y ot ok U
Atatee meW petliom of x,=0:0%8 | ™

Can he foano‘ af follows:

F(e)= hoox 4 logaex

dF

o
o eem—

2
L = 120¢ 7, + (G000
Jineear dx

"= 2,
z 0
= (200 (0.0%81) + 1000

= |00l 5483 N/m

-

L?ﬁeaarfze,f'( E%Mfm.o’& mo’{'a‘oyy:

0o % 4 500 %= + lOOI:8483 ¥ = o

) Netirod [regpency of vibrafton for amall
é.f,&dbj-a—cferrwﬂ : !

W = (10011 E4EINT eg rod /g
n < o0 > = (00059 /
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@) static ?_Z‘u(‘a'l:n'um pasi{:foh is given bqj x= 7,
such that
; = - 9291
- 400 %, + 10000 Xy = M7 = 100 (92-81) =

or
-4oo %?4—(00009(0—981:0 (D

Roets of Ep-(1) ane: (from MATLAB)

®, = 0.0981 ; other vools: 49502, ~ S.0483

U’) USff\j Hﬁe /%TWM raci‘f'ive reeot o & Ezr(')

a4 'H"\'e (%+GJ'4'C &&u;“bffl&n\ FOS’{'E"OY\) KL= 00781 M,
the lincanized Aping (ontbant ahowt %,

can be found af follows:

EY

3
E(z)= =460 = + (0eoc *
, G(F I . , L
K parn & = . = —1z00 %, + 10007
L ’ dx lﬁo :

- 99984517 N/m
Lineorized e@,ﬁoﬁ of motion:

oo % + 506 % +9928.4517 = =0 (2

c> Naturad f"ai)ﬂ“*"ﬁ ol vibration far grall
M,?/LW :

999 4 517T\2
Wy = (q ) = 9:994 2 ra-e?/)s

fexe
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Eflua-{:“on of motion :

with J,= 2% l<.3-m2 and &y = loo N-m/rad.
For Cr)’{:fcal Acum,on‘ns, EZ‘ (2, (oS) 3.‘ves’
c= C. = 2 \[Jp ke = 2 \izs (160D

‘00 N—m—S/ra'J‘

I
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@ 2 +8 % + (6% = o

m=2, C=8, k=16
#(ed)= 0O, 7':(0) =

cc = 2\ km = 2 Vi (2 = 1n-3137

S‘ince Cc < C_, Syg“’em IS uhc‘era{amped.

C
T= -_ = 8 —_
= o: 71
c, 11.3137 70

Wn= \Pg‘ =\F{6—1: 2.828Y ra.cl//s

W) = (S, 1‘(-‘5’2 = 2:8284 \/(—-0'70'712 = 20 Y‘G—A//S

Ez- (2.72) gives the solution:

S X N 4 ps +§w Xy
'X(‘f;): c " {xo cos (495“{:-{- ° - Sin (4.96[1(:}
“y
~0-707! (2:8284) t D
= & {o—'.E Sin 21‘;}'
-2t
= -éez sin 2":

B) 3% +12% + 9= =0
m=3, Czlz, = 9
x@)=0, x(e) =1

Ce=2Vkm = 2y9(3> = 10.3923

Since € > C., system is overdamped.

. c _ 2 _
r CC.— ‘0-3322 - 'l547

Sn= |2 = S = [-73 20
= V3

Solution is given by Eg. (2.81):
c = Xo®n (x+(32-1)+ %,

I
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1
2 (1-7320) /(i-1547° 1)
sz —x°w“(g“qgg—’>“io

2 Wn (32—

Solution is:
CT+Us®-1 ) Wnt
7> (E) = C( €

(-5 -Jri-1) .t

+C2_e

- 05

—+ -3t
= oS5 e — 0:5 €

Since

—
J T . . -

(- T+ “;'z—l)= ~ 1-1547 i\/TI’SLﬂ

= — (-1547+ 0:57713

= — |+732 —~0:577H

D) Q.x+39::+8'x. = 0
m=2, C=8, =218

S= %, = Yalewm ) = 8/ (5@ ) = 1
Sys tem is cra‘{:n'ca.lﬂj ola.rnpea!.

= ,15, -_—,/9 =
Wn — 5 2 ra.&//s

Solution is given by Eg. (2:80):

;ox()zo, %) =1

- —-wnt
x(£) = {x°+ (%o + W xo)z‘:} e

i\

{04-('-:-0){'}c?.;zf

~2t
t e

!
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@)z = +8% +16x =0 5 wm=2, c=13, k=16

x()=1, 5((0):(5
S = oNEwm' = 2—\(1—6—_(’?3(‘: 1. 3137

Sinece € < C. , &\24({:; 8 p-a—ﬂLU‘—‘Qg'(f
- _S___ O. T, (W _= #_ :!,‘i:anQ‘?q
T - c g ™ Z

A 3 2.0
!"‘ A s
69’ = 4

golukion is given by Eg. (27 2) -

X rc"’nxa
~ Twat S /f—c..cs’c}
x ()= & {%dwa‘{ N 09 g 4

) _ o611 (2-8284) ¢ ot 2k
- ¢ L o707 (28284) (1) iy Qf}

2
- 8— 2t (Cdsz-l; + A 2+>

b)Y 3x +123 4+ 9% =05 m=3, C=|2, K=9
n(e)= 1, z(¢) = ©

c. = 24km = 2[9(3)
Since C > C ., /S?/Vf':;-/f/s ov'th—cg.an-.-f.‘_aqa

!
Q
w)
~n
N
«
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c o Wn (3 + 321 ) { (1-7320) (141547 +0.5773)

! 2 6, \‘-gﬂ-_} 2(,.7320) ('0.5'77’3>
= -5
2
_xg 0 (3=3%-1)
Cz:
2Wn ‘52—',
- |(h7320)(blsq7"°'573j) 0.5
2 (1-7320) (6-5773D
Solution is: ) et
(-5 + gz-,)ahi (}?-d? ) @n
x(t)=1-5¢€ - 0:5 €
_06.5774 (1-732) t sz (P73
= 1'5 € —0'5 €
—t -3t
= 1:5€ -~ o0'5E€E
e 9—';':+8’;6+8‘x=o~, m=2, ¢ =8, = 8

c = alkm™m =2\g(2d = 3

[4
Since Cc= C., sgSfem 'S Cf‘f{'t'caiﬁj ola.mpeal-
¢ 3
=z — = — =}
i Ce g

Solution is given by Eg- (2.80):

_w6nt
® (£)= {xo+'<io+C”n*@>f_}<9
~2t
= §4 +(o+2x1)t’}€
—2t
= (H—'J-f)@
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@) 2% +8 % 4+ (6 x=0
m=2,¢ec=8 k=16 3 % (@D=1, % (6)=~|

C,= 2Vkm =z\{léfﬂ) = 11.3137

Since c< ¢, system is underdamped .

<= £ _ 3
Cc = I
231377

Cé,,,:\/j"i_‘ \/‘_—5 = 2,828¢4
\[l————-\

-

= 0.707I

Eg- (2'72) gives the solution os
.-‘;’&9\4 W, + WO, Ky
{xo coeS C&dt-‘— & C,_SA S C.Sd'b}’

—(o7071) (.82 84t {cos osd'\‘_

7((-6-)_

—
—

-t 4 o707l (2-3 Zg‘l)(') cin ‘ﬂt}

2
-2t
= @ (cos a2t & < sin 2'&)
(k)
3% + 122 + 2=, g o, k=9

(o) =1, x(°)=
% T Lvk e = m;; 2(5 !‘76’> (039273
Sivee ¢ > C. , W AS WW,{

¢ 2
T-':""':—-‘-———':.(';"7
C (o 3923 ! !
Wo= [ * :\/—ﬁ_/-: 1732
m 3
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Ry

= Vitsy7? o)

= ©.57273
s T = (732
?—m: 0-577Y
C = (')wh(l"?BZ) - \ a ’
| T = = pumml
20.9n (0'5-'773> 2
A C XL A DR SR K S
zc&n(o»577§> 2

Sulution §ovem by B (280
(—x+ [T Dwnt (s> )w,t
()= ¢ e +c, ©

—5.5774 (1-732)F 4
- @

u
(]

(¢) 2% —)-8';"-+9¢:o:'
9(-(07':') q“("—):-—/
.= elkm =2 (8)(2) = %

‘g: /C":
cC

i
Hremer s oifically largpet
o T -
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sslidzom & grwe by Es. (2.90)4
. —tsnF

.x(:'(:)': [_‘Ofo-(-(xo—l- CJW'Ko)‘l:' ew

_ot

=+ (-t4z2e0)t] &

= ('1 +~é'7 é; 2 ¢

2-142

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

Freguency in air = |20 caog-%/rm'n = 122 (2m) - 4T md//s
60O

Fre.&u.ency ) ,((‘Zu\‘d = loe Cﬁ"{e‘/rm'n: l_%% (?.T\")

= 33333 v rad/5
ASSuming a\aamr«'nj To be nejln'jtlale in air, we have

G 4TS J’é’ > ks ) m o= G (oD
= 15791441 N/m
I dawping ratio in ,L«'Zu;cl is T, amd afsuming
umnden darmping ; we hons
W =3-3333 70 = wh\[;-—‘g’z

2
or -3 = (W____B_UI) L e ci4l
4 ™

@—o-esaz,‘w)Lz = 0.5528

or ‘g

(o
5 = s = & .
c 2 m O,
C
or 0:5828 = —

2 (1e) (4 ™

or c = 0:-5528 (80 77) = 138.93 4! N-f/m
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@ x+2x+qx=0

m=1,cz 2, %k=9; c.z o2(km = 2 \lf?(') = 6
At c < Cess syS’fem is uno\ero‘a.'mreéb

= &£ - 2 _
T c, = ¢ =°'3333

©
3
)
7
\1
—~\b
il
N

_ L
|— T = 0.8428 (ﬁé)':wn\“"r = 2.828Y4

Solution is given loj Eﬁ (2:70):

®x()= « éo’”%(%)f cot (02428 x3 L — )

=R € s (28284t~ ¢
whene ¥ ond P o\erem:\ on the intioad condifionses
Fiven by Egs- (273) amd @75, %esFecﬁve(j. .
Since the response (o So(uh'orw) Vol a8 € >
we cam apply the comcept of the time constant (2)
os The neja/i'u‘ve inverse of the ex}oonenh’a} F"-"‘i-'
Hence the time constent ¢ 7:- 1.

D) fi:'—ng.;_?z:o; ‘m:),C’:S,"‘"—?

2¥%km =2 J901) = 6 5 W= 4’:;
- £ - 8 _ - ce.  IX
T = = £ = 11,3333 ; Ne~
c_ /3
—
(IEET:JT????Q—] = ¢. %5919
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—x - &2 = - 2252
—3+ VTEF ) = - 0.ygly
So\ufEom is Fiver by E. (2.817):

(t —oysiy (2Dt _so2s2 (3DT
Z4 7—’: C' © . Cz ©
-~ 135y t — 6.6456¢T
- ¢ e + € €

Since the respense is given by the sum of Twe

&Ponenf&}xmj &L% func’rrons, 't"w@ ‘h’me
conttondd  cam fre cstreccdid willh the Two PG""ﬁ
o2

— ___,.._——- — 0,739q 3 T “.__._-———-( = o:(?o‘S

T = 13612 27 ceuse

~—~
—

© 5 ;6% 4 9% =05 m=L, =6, k=7

— ’rk ,_/?
o <o = ¢ ; == =1
Qc.: 9 kyn =2 ‘?(‘) ;g Cc

The SjS"'e'm is Crc'h'azQQy o!.a.mfz&d. The S’o((,L/tEd"" ¥4
given b:j Eg - (2:80)1 et

= (t) = {xo-!-(io"’ C&“O(o)ﬁ' } e'f:
-3
=€7(o+ (2, +3 %)t} e

Since the Solulion decrensst W%’ fhe
(Wd'& frne comslant (7)) cam be aﬂvw t

find 7= —'g - 0.3333.
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@) Pericd of vibafion = o

L3, = *t

J
T
’Z“—Z’-—‘—i’- 2T 7:
— »p T - - t_
5,7 @
PN 4
('E{—T k¢
2

2T

k> =054
Ki= soco N“'“/'ra-‘q

2
F= 5000 (22 > = 5ooo (o.ca 6332>
2™

2 2
= 3l 6627 N—-—m-4& ‘:4<3-h"
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Gc'ven: m=2 kg, c= 3 N-£/m> k= 40 N/m

N@"'Q\"QA :"rez“eﬂcyz (8 = "\-—,{E - ff_ig = 4.4721 .E%f‘-
> ceiticelk clouv-v}aaénﬁ = a2 Jkm = o [0 %o

C

|

= (78896 N—%/m

< = clo.mpinara.h'o: —:_—:—3--—-—-' = o-le77
c 17-88 85

Type of hesponge in free vibration: alaw—,u-dq

oSci “_a.-{'o'o nsS

For Crl'fo'Cﬂ-R Aa‘“"l’"“‘j; we need to add
14.89¢5 N-A/vo to the existing volue (b'

c= 3 N-/‘/'m‘

RQSPOHSE ooc 'ﬁ;‘e S'js{'em:
J -1eot ~1ot
2(t)= 005 € 4+ 10-6t €

This can be (denti fied £ correspond T critically
Aa.mlaeo\ Sy stem -
From the ex’aonenh'o.l terms, we fiad
Wn= (0 rod/z
From Egs. (2:79), we find ;= 005 = Xo
omd Cp, = ’;'o + W Xo oFf 105 = = + 10 (0'05)

Key = 005 m, 720_—; (o.s'—c.;':lorn/x

J)a.mP"na constant (¢): (g =1 >

C=Cc = meh :2m(lo) = 20.mais.
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@) /3,2’: — 4 =+ gl

Chara,cfera'sh‘c Ezua.‘h'one:

B tu+5i)(K+y-5) = QSH)Z—(sz)Q

2
= 4%+ 98416 +25 = 8 + 88+ 4 =0

28 Ala= 4% 54

Is2

E=4-5:DCA-gg +5

= 4%+ 16 — 88425 =  ® _ g5 4i=o

l

G- =D

) /ga,ﬁ': — 4, =5

(B+4) (S+5)=
>—Af

55498+ 20

@) A2 =
B+y D (£+4)

Undamped natural {-’re%,uen cies

= O

27 g A+ 16 =

*) wm=1, c= 8, k= &I
wn':\[jj‘-’;: :\/7{7: 6-‘{03’

Cl’) m= |, = 41

F l“ 6 y4o3)

C&) m= |, C"?)

= ."— = (20 = 4472)
™
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@A) m=1, c=g, k=16
— k‘ L (]
wn'l’n: :\}l{ - LfO

Daxn)oing ratios

mA+ c A4+ K =

a - 8 - &
=2 x= = 0-62¢¢

- &
24t 2dyy

by = 25— = - f = —0-6246

2 410 ya \fzf—l

_ 9
() ‘S-—,j____, = —— T |-00é2
2(;;{.) §.94v3
@> g fF __ =10
2 {16

Dam ped freguencres
Cda(: \F:Tf_::\ 3, :6 T < !

@) ("9,(: ;——0'62?52"(5-1(03‘) = §,0004

B> @y Not applicakle
) Wy: Nof applecable

4y Wy =0
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T«‘me coén 9"@.?\% S

@) ! = 0'2500 (Uno‘era\amred)
©- 6246 (6-4031)

. |
by v = = —0:2500

—0'6246 (6-4631)

Not aﬁ,?,(‘.:cajale ; neanr ive a\a.rnping-

RZSPO\")SQ Frows ex.looneni'u'a.ulj.

CC) T = 1 = 02222 (oVerAaMFeﬂl)
oo &2 (4-4721)
@) T = 4 = ©0.25 CUnO\@mPe‘J )
1o (4°0)
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2.164

(a_,) I
M
©@ 54
4 |0
o _54‘
Stable.

underdamped.

oscillatory response .

)

(b)

Im
R
5A‘ =9 @
- = Re
© 4
-5i 7t ®
Unstable.
Response grows

eExp

one n‘i"n'a,“j «

AK
—@-—@—5 i 5 > Re &F S —> Re
""‘l)"q
stable. stakble.
Response will mol Al wot
Alate Restfmnse will no
ogeiliafe. oscy llate,
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c":a.ra-ctern‘sh‘c ezua.tu'on:
/Sz-l- oA+ b =o (1 )

where
o = C/m (23

o.:n.el

b= k/m (3)
Roots of Eg.(1):

4L
A = "‘“Z“’ *h e flaor @

amd /i‘ amd By ONL 5 i g,em.ﬂh.-al, comP'ex numberg-

Solution of Ep. (1) com ke exlores're,cl as

= () = ¢ E N c, &t (s>
where ¢, amd ¢, ane comslambs
o When 5, omd 3, ane both real amsl n_gg_ajzw_, fhe
solution in Eg - (5> a/do]aroa.ches zZers G.Sjmpfo'l:n‘co«wj.
o If Siamd 3; o cmrlex, the ralane of solution is
governed by the real pent of the roots. I.f read
pont™ & nega.t:’%; the solution in Eg. (5 i
osci llatory amd a.avfraa-c}uu zevro o3 t —» oo,

The stakility of Y e (/5>/ L,
\s \\ \\\\\(/ / / ’ / d
the st’g‘:em i \‘\\\ \\\\ Ry / ’ ’ // ’
~, N ~ . / /
{'l'\e S-PIQ\'\E ) .. g mFOL-\\\\//’ Uns{—o’h[e ,
. - tica l‘] ~ ,
Shownr in . Vo / / '
SE"o..«HE ‘\ ’ ,/ P oy Re(j)
Fr o Sa s \ N, / r/ VA,
lg' N = < \\ \\ \‘ P R / / , VAL 4
~ N \ N L/ s y 7 / /

~
h ~N

N
Baunala.rgo§- RN A A A

~
stable "‘93“’"\\5 / /////' o y

F.'suf'e Qv L \‘\\, \\ \\ \\ // // / / / /7
~ - . ~
2-152

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

The stahility of the system in the parameter
space cam be indicodid oy showm fn Fig- b.

L When a<0 amd b>o (fourth Zumolrant), the
curve (%a_)z_], =0 ,ge,aama.iZg the ppadramd
into fwo regions. Tn the top pant (above the
FC"‘”@L"L""), the roots 4, amd 4, will be cam[olex
canJ‘uan:e with positive reak chi‘. Hence tke

motion will be cl"\(&rgt’nj escillations,

In the bottom part ( below the Fa,robola. curve)
both s, avd s, will be real witt of feast one
pesitive root. Hence the mation diverges

withoeut oscillation.
o When a>0 amd b>o (girst an F.'j-b):

The curve given by (_;})H_ b = o (Pa,ra, bola)
Se perates the W wte Two regions . In
+the i‘ola region , (a., - [,) AL amal 3, will be
read and neja;bye Hevice the motion oleca#/s
without ascillations (afperiedic decay)-

In the T‘esfén 9_‘; <b, A omal 5, will be
Com F‘ex consugabes with nesative real pant.
Hence the response is osd((a.i-o\:7 omd decays
as time increases. .

Along the boundary curve (f:-—b = o), the
roots £, amd £, will be dentical with 4, = 5,=
Hence the motion decays with time .

—2- ]
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o When w=o wfw‘ b>0, the roots A, amd £, will
be pure imaginary complex conjugalss . Hence the
motion is escillotory (formonic) amd stoble.

. When b<o (second amd third guadrants),
,Sla.m.o( A, will be Fosf‘l:u‘ve omal hence the response

diverges with no oscillations ; +hus the motion
is unstable.

2
N N T T T Y §
NN A
\ ~ LY
U T T T A « b= Regr:onse N
N \ \ \ v N\ \ Aec g ) ))\/_.r‘ \ AN ~
N NN Y/ ay e S \
~oov N N Y N S Yoo\
RN S N with ne —= A
N

% P
NN N AN "09(.!“@""‘\ ) (a') <b \ \
\ NN NN N \~—+|oh5

N
\\ \\ \\\\\ \\\\\\ ‘f/‘;‘",\ ) P‘\SW e*kca{“qj
AN \ A

“(divergence's SN 30\“‘\““}”:1 dieay)

L N \ N\ o E oS T £
R wuHu N ‘ \sfa,ﬁl\ (a2 o)<

A \ !\b\oS‘c \f Na‘_)rh'orzs)\ | \\ b>o \

NN N A A Un 8{"4)0 \ \

2-154

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

Cf'sa.ra.c'):e ri'stic ezua.’n'on :

24+ cs5+ 18 =0 (D
Roots of EZ.(;):

s = -cz Py (25

I,2
4

At c=0, the roofs ane given Lc'j A\ 2 = * 34,
These roots ore Lhowom ax dots in Fig. a. By

increasing the value of €, the roots cam fre Foumd
ot Showm in the _fro“aun‘nﬁ Table .

c Ag A

o + 3L —34

2 - 0:5 4+ 2:964 —0:5-2.9¢ <
4 - 10 4 2:-83;

-—1r0~- 2-83 (

-2:0 42244 —2.0—- 2:24 4

—2: 1S+ 1-20 4 - 2.75 — (-20 4

-3.0 — 3.0
' =35+ 1:80= ~1:70 | _3.5_1.§0=_5.20
20 -850+ {ro= -0 - 5.0 - 40 = —9:0

loe | _95 0424 82=—-0+18§ | —265.0 ~24-82=—- 49.82

looco | _ 250 + 250 ~ ¢ - 250 -250 £ — 5099

=

Root+ locus is shown in Fl'3= o .

2-155

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

> Re

Problem 266 Root locus plot with variation of damping constant (c).

Fl'ﬁ . ()
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2.167

—

Characteristic ezucuh'on :

(1>
2)52+l2/5+4‘=o
Roocts of Ep (1D
_ _Izi\ﬁHH—Sk (2)
Ay, T
4
oY ()
- _ ' 3
AL, —3F 1I-2%

Since K cannot be negative, we vary « frem o
tt co. When =19, both 4, ard 2, arve
redwwﬁ—a. In the range o< ® <18,
both £, amd £, will be real amd negative.

When K= o0, A= 0 amd A= —@. The variation

of voots with increasing values ol 4« is Shown
. the following Tokle amd alio in F"j' a .

* A A2

O o - 60

{0 —1-6 -~ 50

18 -3.0 - 3.0

20 —_3 4+ 4 -3 =4

40 -3 +3.322% —3 —-3'324
loo -3 4+ 640 ¢ —3 — 640«
looo -3 4+ 22164 -3 - 22.16«
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S Sy S
) :i\ L)
k=20
Sy ~6-Y — — @
k= liop

Problern 2.1 6 7 Root locus plot with variation of spring constant (k).

Fig. (&)
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Chavacteristic egu ation:

m A 41248 4+ 4 =0 €
Roots of Eg-(')‘
2+ Jl4y— 16 m
/S{,z" \/ (2)

v

Since negahve omd 3ero volies s’g m oare noft
possible, we Vel in the range |5 ™ < Co -

The roots given by Eg- @) ene gliowm i the
:f—o“owhng Tokle omd olso Plo‘H:eA ' F.'a. o .

™ A N
1 -0-345 -~ (1-65%

4 -0-38 - 262

8 —o0-50 -~ l-0e

3 — e 67 -0'67

10 -0:6 4+ 024 —0'6 —0:2 &

20 ~0:3 4+ 0:33 ¢ — 013 —0:33 ¢

160 | —0:06 +0-19< — 006 — 0-1l%<
500 | -~ c.0l2 40:68%i| — 0012~ 0:089 ¢
1000 | —0.006+0:063(| — @006 — 0:063 ¢
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Migration of s; as
m increases

S N
o
Y

(for m — )

Migration of s,
as m Increases

Problem 2-168

Root locus plot with variation of mass (m).

F ‘.3 (@)

2-160

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

1)

m= 20 1«}, 4= 4000 N/rn

8y = ,‘—f; = ,;i%_—“’)i = 14-1421 rad [sec

Ampln'\’:u.ales of Successive cycles : 50, 45, 40, 35 wmm s
Amlo“‘l’:uates‘ of successive cycles diminish by Swmm=5x0 m

System has Coulomb dampa‘ng. 5
-3 - (5’ X0 ) (4-000)
LN - 5% > MN = { % }: 5N

*

:Ja—mpfnﬂ Fforce
F,-g?/uency of Ja_mpeo[ vibration - 14-14 2] ra,ol/sec.

m=20 %9, k= 10000 N/, | 44N 150- i00

-3
s pa mwm = |2:5x10 m
= (12.5 x10”?) (10 000)
M = 0-1593
4(20x9.81)

Time elapsed = £ Th = 4 _2877: = 8W J‘E’ = 1.124 sec

m=10 % , 4= 3000 N/m , A=012, X =400 wmm
N .
+AN _ 4 (o-12) (10 x 9-84)
* 3000
As 6(4&“”) = 94.1 mm, T™ass comes to rest ot Qoo-94--z)=5-8 mm

00457 m = 157 mm

m3=25’N B 4« = {000 N/rn > cla-‘mpl'nj f'orce = constant

Mass released with x, = 10 em and =,= o.

L < S
Static deflection of spring due to self weight of mess = l_zcgo
= 0025 m
ak t=o0": X=90:Lm , x =0
X,=0-1
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}:N _ g MN _
132 a’o— J ” 2 '14’— 'zo-— -————-}; = O
Y- ‘Xo.—. 82 N - o-|
" . N = ’xo‘k ____(0")('OOQ
Ma,gnf‘lru.cle o;e daam]unj _-Force= /-l = _——g-— 3
= {2:5 N

-

% = 10,000 N/m MN= 50N, %= 0-05 m

’ m= 20 1:9 5
Q») Number of half cycles e,wlased before mass comes to

rest (r) is 9wen By
(r) ¢ 5 (o
r o= ° 4: 0:05 ~ \"6600/ _ 4.5
2 /*-7:- |os:oo>
ryr==5

k) T.me_ ela,pseaf before mass C.omeS‘ to rest -
= = O- sec
= 211'\} =2 \[Tocoo = g.2810

Time taken = (2-’5 cgolb!) tP = 07025 sec
() Final extension of spring a.fber 5 halp—cycles:

N 50
m Posd:ton— o

(cl‘grla.cemenk from sfa.f::c Caul(-lbrlu

81
But static deffecfn'on = & = .Z‘Ei_q_z_ = 0-0l962 m
® (0 coo

.: Fnal extension of spring = |.9620 cm.

(@) Ezwaifoh ol mdion  for Dﬂ\?aul-o-h osc o Loms o Fendu.‘.u.m=
3;9+m314w6_m}‘u.ico‘ie=o
For Amall a.m.?zu 8 + 2 (6 + ,.a.o{) o

This shows that the am—?z'- Mm; eonases
e o by (-z)

(b) For wmotion from right -f;, left : X
B(k) = A, wh Gt + Ay #n ot + 5

where o, = 'mgﬂ
E
Let ge=0)= 6, amd S8(t=0)=0- Then Ay= 6, - 5 -
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d

= - luA t + f__

8 (t) (9, 'zT) cos @, -
For wmotion from legt to right: ]
8(t) = Az cos (ot + A, sin Gt — /‘;_2

At C'-’ntzﬂ-) 8= -Go+ -2-5-;- > e =0 fro:-n Prev.'ous So(wb‘on

3ud

) A4=O
elt) = (o, - 3B w5 ot — P
° zﬂ)w " 27

©) The wotion ceases when (ec_ n 4 4 ) - _ffi‘
24

where n denotes the number o cuel: 22

x(t)= X sin et
Dam ping force = MN

Total aliff(am per cycle = 4 X
Energy d:‘s's(pa.teaf per cycle

(under S.‘nuso.iola.l force Fo sin wt)

= AW = 44N X (Ev)
If Ce = eguivalent viscous damping constant, energy

cﬂ‘s’sffa_fe.l per c#o&_ is 9iven bgj Ep. (2~98):

aw = T g0 x° , (E2)
Ezua;t{nj (E\) and (Ez) gives

C = i[l_ﬁi_ - __j-_/u_'\.l_— (E.?)
EZ ™S XZ & T a8 X
Due to Vviscous c'a-rnping :
- Xm )
8 = Z«,\ (-—m = 2T¢ T

3, = Percem‘: decrease in amplitude per cycle at Xp
i

Xm—= Xme X+t -2TTY
= 100 ( X =1oo(1-———>-<—: :loo(i-e )
Due to Coulomb damping:

2 = percenf decrease in a_rnPlH:uc!e per cycle at X
2

xm - xm+c 4 / N
= [00 X ) = 100 % X
W‘ien EO'Ha fyre: Oj: da.m[m‘nj are Prcsehf .

+ 7 =2 - = 3
3 2Ix‘,,,: 20 mm ? 37+5""\x‘

m= o mm
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ve-

’ N
-2T7TY 400 MY _
100 ("‘ 4 )+ 0. 02 ( k) = 2
-2 T 400 N _
too (1-¢ ) + = (f‘*> = 3

The solution of these eguations 9gives

6
50 (1—@271”]')::0-5 a.m.d /"."“—0'5"‘0 ™

\ iCoulomb damping.

2T ' C
(2) Natural frequency = wy = E‘ri =5 = 8.2832 rad/sec. Reduction in
n

amplitude in each cycle:

4 uN m _4ug 9.81
— — — =4 e ——————
e K [6.28322

=95 =0.005 m
100

Kinetic coefficient of friction = g = 0.00503
(b) Number of half-cycles executed (r) is:

(Xo—%\l) (r0 — =)

n

r> =
ELN)  (2BE

Wwn

0.1

6.28322

[2 (0.00503) (9.81)]

_ 0.00503 (9.81) ]

6.2832?%
> 39.5032

> 40
Thus the block stops oscillating after 20 cycles.
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£ _ [Beee ' L 44.721359 rad/s
ooy 44.72135 /
2 2TV
= = = o.lbo4 97 A
W 44.721359 Ho4

Tiéme ’("M‘en 1’o COmplP{:e (o Cg,cles = 10 ’Z’h
= (40497 s

k s
E———
(ﬂ-f) o= 30 5

= N 4
N= mg cos o - R
N | — T~
™d
mys:ne
Cahe {: W‘\Eh Xz + and = = + or x:—wnﬂ(%':'(‘

Mm% = - 2% — uN + mgsin 0
ov mx + 2 kx = -1 vng"cgse.‘. -mgn‘ne
= 4+ amd %= = Of  x= — omd x = -

€0

case 2 yhen
Mk = —24x + PN + Mgsing

(e-2)

oY m;<'+7.'kx =P\m‘7c056+my Sin @
EZS (E- 1) | (e 2) camn be written as o S\'nj(e
ezuq«'\?loﬂ as .
% + pmg cos o /th(?()-{- 2 4 x+ ™9 5\29:)
E:3
(b) %, -lm, xoz Sm/s

! ,/mzo: 7.070068 vad/s

Selubron of Eg - (E-1 pmg cos o
'x.('t)z A| ces wnt -+ AQ_ Sin wnt — %

+ m9 Sin © (2’4)

te
Solukion of Eg. (E-2):
- mg Sin &
7‘('&)= A?, od Wat + Agf Sin C&nf + /‘miCo + j‘k
(e 5)
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Using the imitial conditions in each halg cgele, Ehe
constants A, and Ay or Ajand A, are £ be found.
For example, in the $£irst 4"“*‘-; cyele, the motion
s.fa,r'{:s from lefi: toward r‘.‘akt with xO:o.la—nﬂ(
x,= 5. These values can be used in Eg. (E"!)

£rnd A| and A, .

Friction force = g N= 0.2 (5) = 1 N. k = %— = 250 N/m. Reduction in
~~ amplitude in each cycle = 4 ’;N = 422]) = 0.016 m. Number of half-cycles

executed before the motion ceases (r):

_uN
>x° k| _01-0004 5
=T 24N 0.008

k

Thus after 6 cycles, the mass stops at a distance of 0.1 - 6 (0.016) = 0.004 m from
the unstressed position of the spring.

Wy = v-—'—— \/ 250 (9 &) = 22.1472 ra.d/sec

= 0. 2837 sec

Thus total time of wbratxon = 6 7, = 1.7022 sec.

~ ™\ Energy dissipated in each full load cycle is given by the area
‘ _ enclesed by the ﬁygfereg.'s !ooP-
" The area can be found By cou.n\‘:t'ng the sguarers enclosed by

the hysteresis loop. In Fig. 27117, the number of spuares is

~ 33. Since each sguare = !2'%010-‘ = 0.l N-m, the
ener dissi a.‘i:ec‘ n a 1373

gy issip cye 4 .

AW = 33 x 0e{= 33 N-wm ='T|’k/6><

Since the maximum deflection = X = 4:3 mm, and the

slope of the force-deflection curve is

- |8co N 5
= _I-T_r_n-; = 16364 x o0 N/!’ﬂ,

the Ajsteresrs da.mP.‘nj constant /.-3 is given l:j
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AW 3.3
@:

™k X2

= 3472
T (1:€364 x10°) (.,.0043>2 0-34
8= TR = loja,rh‘:km.'c decrement = T (0-3472) = [.0908

Ezu.a'\/a..len{' viscous a(a.m,ox‘ng ratio

- Yea = f% = o-1736.

. + T
Xy _ 2tTR

= 1.1 , B = or03032
x}'ﬂ. 2-“'!3
Ceg‘—' @ Jmk = 0-03032 Jixz = 0-0428%8 N-S/m

2 -
AW = T kf x2 = v (2) (c-03032) (“';:o = 19:05%x 16 ° N-m

Losa.rffhmic decrement = § =. !M (X;-
2.183

=~ TP
: - x}'-i-i)
S = _1:- Eﬂ > ~ T
b (X)) = mp
4

5o L"('z—o) = 0-004 B

For n cycles.

3|~
?
| 34

s\-
-
b

p = = '—c:—gfm 2:5= 0.00916229
e= T b
<
, 260
o g Sk _ (00091629 ( >=°'583327 /o
T T
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@) Eaua,ﬂon of molion:
.S

Lineari zation o§ Sih 8 about am o.hbl'ﬁ—a)'l# velue

9, using Taylors series expansion (and refatning

cr\ly u.Jo[”o tte Ainear Term) :
Sn @ = Sin 65 + Cos@,- (8—0g) + - (2)

Bjd2§.‘nt‘n3 Q/ = g-eo Ae 'Hﬁ'ai’ 8 = %1—60 w;f‘ﬁ'

6 = g ard @ = % , We can express Eg. (1) of
.o 9 )
g + _:q_ (Sm 0, + 6, co$ 90> =0 (3)

where 9/1 » S'n Gy omd (oS @, are constants. Eg'("’)
is the desinad  Llineon evgaﬁm,

(b)Y At fhe G-U‘*L‘L’“-'Mm (reference) positions ind(cated
by

9e= nMw ; yn=o0, £ 1w, £2T,... CD

Sin g = Sin 6, = O Hence Ez(i) teres the form

~

9+2lcosee g =0 (s>
ﬂ ~

The chonacloncsle e&ua.:h‘on Corregrlcnolina to Eg. &>
'S

514' .%-—cosee =0 D)
The roots of Ep.(6) are

A::t\/— 376? @)
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For Ge:O, A = :l:i\/;’? @)
!

Both the values of £ one imaginary . tHence the
s’gsf'em s neufra,ll:, stakle.

 pasmmt

)
Here one value of 4 & peositive omd the oTher

Vadue a’é A s nega.fv-e. (bo-ﬁ,— one )-u_a.l) Hence
the system is unstakble.

For @e= T, 4£L= + F (9)

ALTERNATIVE APPROACH:

The Fofenh’a.f. energy of the FenJulum is given by
V) s V- ™ s >
{
where V, is o constant:- The e.v.u?fxbﬁuwm /si’o-if&)
0= B¢ , of Ez- (o) ane given by the /Sf‘a.ﬁc-na.rb;(_ vedue
6’& V(e) :

&V _ I g, e = o aw
de ¢

Roo ts of Ez.(ﬂ) give the ev,c.l(.t‘én'u.m states as
Ge= NT ; M=0,% 1, £2, .- @25

Second derivative of V(o) is

2
d-;-.-.z;_ = T:g—' cos & (l‘a)

positive for g =0,2T0, 4T >
- {hescuh've for @:z= T, 31, ...
T('ms the Faf:enffoﬁ ene)% IS minimbwm oy ee = O)ZT"—)

- 7r> 3 Tr:"'

Hence the Pe\no‘ulum 's stakble ak Be =0 amd umx/tb-)y& at

Qez‘Tr-

4 T, o and MAaximum gk @e-
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@) Eeucﬁ'\'ov\ of motion:
Mass moment of nertia of the cireular d sk about
poirkt O is T+ ML= Jy. (1)
Mass moment of inertia of TKe rod akbout pa.‘fvf 0

s Je= .‘_;_-mlz-_‘.m(é_)z _ —F*m/Qz (2)

For smalf a.mria.h

displacements (e) of He
rigid bar ohout the pivet
point O, ke free body

J,ia_e/xa.m iS Shown F"j'a“'

The e,f/&ail’ah ot motion for

the Gﬂ\aM‘-ﬂ-’" motion of the

Y‘t'ﬁfol bo.r, using Newton's

second law of motion,is:

(‘Tr*'a;() 6 —mg-’-;— Sin ©

F—‘;g ure ov

-MgL sSine ¢+ cx Lwte
4+ kx Lt @ - (3D
Stnce 0 s small, Sin @ %6 omd 5O =I1. Thus

Eg-(3) cam be expressed ax
Q_r*Ja)é‘—T_g_i.g.9~M3Le+cLz+ L% =0 “)
Eg- %) can be written os

J—Oé'-fcﬁcéi- %, @ = © (s)

where
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Jo= T_+ Iy (6>

Cg=cl’ (7)
1‘¢%=_“"3L_M3L+kl—z (8)
2
() The characteristic eaua«hbn Lor tke W“’l
e@u_a.ifa‘n (5) is given by
J’o/g?'.f. CE’S"' Ky =0 @)
Whose roots ore given Ey
Z
- C, £ C, — J.
Al,’l = t \/ ‘6 lf o ‘k'& GO)
2 J,

It can be shown (see Section 3.11-1) that fthe
system will be stable if Cp amd 4y are positive:

In Eg-(3), Cyp>0 amd T, >0 while Ky >o
On‘j when &% 5 mgl + MgL (iey when the

2

moment due 45 b mtgunﬁ Lrce of- o Mnﬁ

is La}n?v\ tham the moment due to the gravity
§or¢e>.
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N %Ex2 187.m
2.187 $ This program will use dfuncl.m

tspan = [0: 0.05: 8];
x0 = [0.4; 0.0];
[, x] = ode23(’'dfuncl’, tspan, x0);
plot(t, x(:, 1)); .
xlabel('t");
ylabel (‘x(t)’);

% dfuncl.m

function £ = dfuncl(t, x)
u = 0.5;

k = 100;

m=5;

f = zeros(2,1);

£(1) = x(2);
£(2) = -u * 9.81 * sign(x(2)) - k * x(1) / m;

5 2
v 5

% Ex2_188.m

wn = 10;
dx0 = 0;
x0 = 10;

for 1 = 1:101
£ (i) = 2*(i-1)/100; . .
x1(i) = (x0 + ( dx0 + wn*x0)*t(1) ) *exp (-wn*t (1))
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x0 = 50;
for i = 1:101
t(i) = 2*(i-1)/100;
x2(1) = (x0 + ( Ax0 + wn*x0)*t(i) )*exp(-wn*t(i));
end
x0 = 100;
for i = 1:101
t(i) = 2*(1i-1)/100;
x3(i) = (x0 + ( dx0 + wn*x0)*t (i) )*exp(-wn*t(i));

end
x0 = 0;
dx0 = 10;

for i = 1:101
t(i) = 2*(i-1)/100;
x4(i) = (x0 + ( dx0 + wn*x0)*t (i) )*exp(-wn*t(i));

end .

dx0 = 50;

for 1 = 1:101
t({i) = 2*(1i-1)/100;
x5(1) = (x0 + ( d&x0 + wn*x0)*t (i) )*exp(-wn*t(i));

end

dx0 = 100;

for i = 1:101
t(i) = 2*(i-1)/100;
x6(i) = (x0 + ( dx0 + wn*x0)*t (i) )*exp(-wn*t(i));

end

subplot (231);

plot(t,xl1);

title(’x0=10 dx0=0’);

xlabel('t’);

yvlabel ('x(t));

subplot(232);

plot(t,x2);

title(’x0=50 dx0=0’);

xlabel('t’);

ylabel ('x(t)');

subplot (233);

plot(t,x3);

title(’'x0=100 dx0=0"');

xlabel(’'t’);

vliabel ('x(t)’);

subplot (234);

plot(t,x4});

title(’'x0=0 dx0=10');

xlabel('t’);

ylabel ('x(t)’);

subplot (235);

plot(t,x5);

title(’x0=0 dx0=50');

xlabel (’'t’):;

ylabel (‘x(t)’);

subplot (236);

plot(t,x6);

title('x0=0 dx0=100");

xlabel(’'t’);

ylabel (‘x(t)’);
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x0=10 dx0=0 x0=50 dx0=0 x0=100 dx0=0

10 50 100
8 40 80
6 30 80
= g =
~ 4 20 40
2 10 20
0 0 )
0 2 0 1
0 1
0 1 2 ! !
x0=0 dx0=10 x0=0 dx0=50 x0=0 dx0=100
0.4 2 - : 4
0.3} 15 34
Zo2 g2 1 g2
0.1 0.5 1
0
00 1 2 0o 1 2 0 1 2
t

0, Ex2 189.m

wn = i-O;

zeta = 2.0;

dx0 = 50;

x0 = 20; X .
cl = ( xO*wn*( zeta + sgrt(zeta”2-1) ) + dx0 )/( 2*wn*sqgrt(zeta”2-1) )i

c2 = ( -x0*wn*( zeta - sgrt(zeta”2-1) ) - dx0 )/ ( 2*wn*sqgrt(zeta”2-1) );
for i = 1:101
£{i) = 5*(i-1)/100; .
x(i) = cl*exp( (-zeta + sqgrt{zeta”~2-1)) *wn*t (i) )
+ c2*exp( (-zeta - sqgrt(zeta”2-1)) *wn*t (i) );

end )
plot (t,x};
xlabel{'t’);

ylabel ('x(t)’);
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Results of Ex2_190.m

kkkkhkkkkkkn anmARARAKRI TN KT R I ok

>> program?2

Free vibration analysis

of a single degree of freedom analysis

Data:

m= 4.00000000e+000
k= 2.50000000e+003
c= 0.00000000e+000
x0= 1.00000000e+002
xd0= -1.00000000e+001
n= 50

delt= 1.00000000e-002

system is undamped

Results:

i time (i) x (i) xd (1) xdd (i)

1 1.000000e-002 9.679228e+001 -6.282079e+002 -6.049518e+004
2 2.000000e-002 8.756649e+001 ~1.207348e+003 -5.472905e+004
3 3.000000e-002 7.289623e+001 -1.711420e+003 -4.556014e+004
4 4.000000e-002 5.369364e+001 -2.109085e+003 ~3.355853e+004
5 5.000000e-002 3.115264e+001 -2.375618e+003 -1.947040e+004
6 6.000000e-002 6.674722e+000 -2.494445e+003 -4.171701e+003
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44 4.400000e-001  8.425659e-001  2.499931e+003  -5.266037e+002
45 4.500000e-001  2.555609e+001  2.417001e+003  -1.597256e+004
46 4.600000e-001  4.868066e+001  2.183793e+003  -3.042541e+004
47 4.700000e-001  6.877850e+001  1.814807e+003  -4.298656e+004
48 4.800000e-001 8.460003e+001  1.332986e+003  -5.287502e+004
49 4.900000e-001 9.516153e+001  7.682859e+002 -5.947596e+004
50 5.000000e-001 9.980636e+001 1.558176e+002 -6.237897e+004
x104
8 T ) ] ) 1 1
61 xdd(t) ~
41 i
2} i
5
20 i
E 1 x (t) 7
g
2 .
-4 -
6 -
-8 I ! ! ) 1 ]
0 0.1 02 0.3 0.4 0.5 0.6 0.7

Results of Ex2_191.m
**************;*************

>> program?2

Free vibration analysis

of a single degree of freedom analysis

Data:

m= 4.00000000e+000
k= 2.50000000e+003
c= 1.00000000e+002
x0= 1.00000000e+002
xdO= -1.00000000e+001
n= 50

delt= 1.00000000e-002

system is under damped

Results:
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i time (1) x (1) xd (i) xdd (i)
1 1.000000e-002 9.704707e+001 ~-5.547860e+002 -4.678477e+004
2 2.000000e-002 8.940851e+001 -9.485455e+002 -3.216668e+004
3 3.000000e-002 7.854100e+001 ~1.203024e+003 -1.901253e+004
4 4.000000e-002 6.575661e+001 -1.335030e+003 -7.722135e+003
5 5.000000e-002 5.218268e+001 -1.364393e+003 1.495649e+003
6 6.000000e-002 3.874058e+001 -1.312202e+003 8.592187e+QQ3
4.5 4.500000e-001 -4.071590e-001 3.283U84e+000 1.723973e+002
46 4.600000e-001 -3.667451e-001 4.698554e+000 1.117518e+002
47 4.700000e-001 ~3.150951e-001 5.542443e+000 5.837337e+001
48 4.800000e-001 -2.575358e-001 5.894760e+000 1.359090e+001
49 4.900000e-001 ~-1.985409e-001 5.844858e+000 -2.203340e+001
50 5.000000e-001 -1.416733e-001 5.484453e+000 -4,.856551e+001
x10
100 T 400 T 2 T
200 I
1k 4
80 -. 1 xd(t) xdd(t)
o_ -
0_ -
60 4 -200f T
-400F 1 1
40t -
600 7 2H -
201 4 ~800ft 7
3 .
() -1000 .
oF 1 4 il
-1200-U 7
-20 L -1400 : -5 L
0 0.5 1 0 0.5 1 0 0.5 1
t t t
2-177

© 2(_)17 Pearso_n Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may b_e repro_duced_, in any form or_by any means, without permission in writing from the publisher.
Mechanical Vibrations 6th edition Rao Solutions Manual


https://testbank.online/books/9780134361307-solutions

-Results of Ex2_192.m
hkkhkhkkkkhk Rk kXX XARXTXRT T T ko kdkhkk

>> program?2

Free vibration analysis _
of a single degree of freedom analysis

Data:

m= 4.00000000e+000

k= 2.50000000e+003

c= 2.00000000e+002

x0= 1.00000000e+002

xd0= -1.00000000e+001
n= 50

delt= 1.00000000e-002

system is critically damped

Results:
4
x10
100 T 0 T 1 ;
%0 1 197 [dw 1 05F xdd(t)
8oH] 4 -200} 8 oF ]
()
701 E -300 b -0.5 -
60f {1 -a00f 4 4 _
50+ { 500} 4 15} 1
40t 4 800} ] 2 i
30F 4 700 1 25 i
20+ 4 -800 - alt i
10F 4 -g00f { -35} 1
0 : -1000 t 4 L
0 0.5 1 0 0.5 1 0 0.5 1
t t t
i time (i) x (1) xd (i) xdd (i)

.727222e+001 -4.925915e+002 ~3.616556e+004
.085829e+001 ~7.611960e+002 -1.872663e+004
.252244e+001 -8.868682e+002 -7.233113e+003
.342874e+001 -9.196986e+002 9.196986e+001
.432033e+001 -8.946112e+002 4.530357e+003

.000000e-002
.000000e-002
.000000e-002
.000000e-002
.000000e-002

eooe NMibhWNPE
kW
O\~ 00 W\WO
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44 4.400000e-001 1.996855e-002 -4.576266e-001 1.040098e+001
45 4.500000e-001 1.587541e-002 -3.644970e-001 8.302721e+000
46 4.600000e-001 1.261602e-002 -2.901765e-001 6.623815e+000
47 4.700000e-001 1.002181e-002 -2.309008e-001 5.281410e+000
48 4.800000e-001 7.957984e-003 -1.836505e-001 4.208785e+000
49 4.900000e-001 6.316833e-003 -1.460059e-001 3.352274e+000
50 5.000000e-001 5.012349e-003 -1.160293e~-001 2.668750e+000
Results of Ex2_193.m
***********xznaf nnnnnn khkkkk Kk
>> programa2
Free vibration analysis
of a single degree of freedom analysis
Data:
m= 4.00000000e+000
k= 2.50000000e+003
c= 4.00000000e+002
x0= 1.00000000e+002
xd0= -1.00000000e+001
n= 50
delt= 1.00000000e-002
system is over damped
Results:
x 10"
100 T 0 T 0.5 T
xdd(t)
90 - (\
-100F xd(t) i oh i
80 .
70 b
-200 . -0.5(1 .
60 -
50 4 -300 . -1 .
40 .
-400 4 -15f -
30 .
20 .
-500 . 2 1
10 8
0 L -600 ! 2.5 L
0 0.5 1 0 0.5 1 0 0.5 1
t t t
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i time (i) x (1) xd (i) xdd (1)

1 1.000000e-002 9.764929e+001 ~3.945541e+002 -2.157540e+004
2 2.000000e-002 9.294636e+001 -5.205155e+002 -6.039927e+003
3 3.000000e-002 8.756294e+001 _5.463949e+002 ~ -8.734340e+001
4 4.000000e-002 8.214078e+001 -5.344391e+002 2.105923e+003

5 5.000000e-002 7.691749e+001 -5.090344e+002 2.830006e+003

A5 4.500000e-001 5.281309e+000 -3.537806e+001 2.369881e+002

46 4.600000e-001 4.939118e+000 -3.308581e+001 2.216329e+002

47 4.700000e-001 4.619098e+000 -3.094208e+001 2.072727e+002

48 4.800000e-001 4.319813e+000 -2.893726e+001 1.938429e+002

49 4.900000e-001 4.039920e+000 -2.706233e+001 1.812832e+002

50 5.000000e-001 3.778161e+000 -2.530888e+001 1.695374e+002

% Ex2_194.m
$ This program will use dfunc2_194.m

tspan = [0: 0.05: 12];
x0 = [0.1; 51;
(t, x] = ode23 (‘dfunc2_194’, tspan, x0);

plot(t, x(:, 1));
xlabel('t’);
ylabel ('x(t)’);

% dfunc2_194.m
function f=dfunc2_194(t, x)

u=20.1;
k = 1000;
m = 20;

g = 9.81;

theta = 30 * pi/180;

f = zeros(2,1);

£(1) = x(2);

£(2) -u*g*cos (theta)*sign(x(2))
06 T T T

- 2*k*x(1)/m - g*sin(theta);

T T

0.4 -

021

x(t)

=
N
T

.
[=
e

T

-

L

=

[32]
T

1

o
Y

10 12
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The e&ua;tfon: for the natural fre_zuencfes of vibration were
Jer:’veol in Problem 2.35.

ore,ra,'l:fng spee.al of turbine is:

&y, = (2400 %g_r = 251.328 rod/sec

Thus we need o satisfy:
Lac %
o, = ?
"la.xc'nl w o (2‘_@)} z o

-] (Ei)

se1 fg A
{W a} ( l_ 04)3 } Z CJO (EZ)

S, |
P ltransverse

QT /1 i Va
) = (— + —
" cn'rCumferen‘l'fa-L Jdo o [—m)} P4 &3, (E;)
2
where
A= Tr_4ol ) W = (000 x7-81 = 9810 N,
Aq ’ d'?-
L= _‘4 P J = ﬂ;z ) Jdo = Soo kg - mz,
and. E =

= 207 X|O7 N/‘rnz >

The wunknowns

G= 773 X109 /\.I/*g-nz (;For :feel).
d, L omd o can be determined to

S'a:h‘s'fy the «'nezua.-l?{'l‘es (El);(Ez> PR | (Eg) L(sfng o
trial and error brocedure.
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From solution of ProHem 2.38 , the
reZ“i‘"—’-mer‘tS can be stated af:
12 ET )
%) J , -
n P.vo{: ends \/;3 ( Jg— . m%,> = o, (E,)

- 4
where E = zox10°psi amd I:%[J*— (d-2t) ]

) \ A8ETL '
n . = w (Ez)
fixed ends \/2:(% + me&;z} = A
with
Meff

m = mass O'E each colurmn = %‘r—[clz- (4—2‘\5‘)1] —l—;ﬁ' >

= (02357 M), Mgy, = (0:2714 ™),

F = 0293 u//bng, 2= 3864 L“/secz:

Q"—' ﬂ‘"‘zﬁ‘- O‘g— column = 96 in.,

W = Wweight of £loor = 4000 M,
> E
W = weight of columns = 4{—} [Jz’ (d-2%> ][f} (¢ 3)

Freguency [imit = 9, = 5o xa™ = 314-16 rod [sec .

Problem - Find d and t such that W  given By

-------- EZ‘(EB) is mn‘m’misaal while satisfying the
fnezua.l.‘-b?es (D arnd (E2)-

This problem can be solved either Ly gmfhfcp.l_ oFfl°m:'5wf¢'on

or by using a trial and error procedure.

— - -
@ R e L S W -
e
/(i) _Viscous damping: JR S
3. = «f‘ — kf ‘? fo)
" % Tml®+ m1‘> --- (E2)

(Cf)cri = 23,0, = 2 V% Kt --- (€3)

For critical damping , E5. (2:80) gives
. -, t L (E )
a(t) = {60+(60+c=5,.9°)t}e 4
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For B, = 75'°= 1309 vod ornd éo = 0,
o,
e(t)= (;-309 + 1307 W t) e ©n

—— (Eg>

For @ = 5 = 008727 Y‘O—J; €z (E;) bLecomes

0:08727 = (:309 (1-;- 'w,,t) e—wht --- (E€>
Let time to veturn = 3, ec. Then Eg . (Eg) gives
0-03'77.7 = '-307 (' + 2 C_Jn e_zwh _—— - (E7>

Solve (E'-; > Ly trial and error to Fornd 9y . Then
choose the values of m, M a~d ky to sget the
desired value of s, . Fond the damping constant

(Ct>cri LLS'l‘Ylj Ez . ( Eg).
() -I':'c-)“ow {the ]a-roc.eclu.re of Pa_rf(n') to find the value

of W,
(b) Derive expression for the ezm‘va,lenf: torsional viscous

Ola-T"‘P"ﬂg e.ans“t&n‘t' (C{;)ez for Cou[omb a[a'mpn'nj. Thes

expression , for small armounts of Ja.?nkn‘ng, is
(Cf>ez={4—':t/vrwn®} --- (&)

whevre T, = Friction (c‘a-*'h‘vfn3> torgue and
® = a.mph'éuale of angular oscillations.

(@ T (4)ey is to be egual to (Ct),; = 2V % ki
we find

T= T8 (25 «) --- (&)
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Let x = vertical displacement of the mass (lunar excursion module), x5 =
resulting deflection of each inclined leg (spring). From equivalence of potential
energy, we find:

L= stiffness of each leg in vertical direction = k cos

Hence for the four legs, the equivalent stiffness in vertical direction is:

2 o

kg =4k cos®
Similarly, the equivalent damping coefficient of the four legs in vertical direction is:
Coq =4 ¢ cos® o

where ¢ = damping constant of each leg (in axial motion). Modeling the system as
a single degree of freedom system, the equation of motion is:

Meg X +Coq X+ kg x=0

and the damped period of vibration is:

2T 2 _ 2T
1

Td—wd wn'\/'l—-gz .E;—v cz:
meq _l4keqmeq]

Using m.q = 2000 kg, keg =4k cos? a, Cq =4 ¢ cos? o, and o = 20°, the values
of k and ¢ can be determined (by trial and error) so as to achieve a value of 74
between 1 s and 2 s. Once k and ¢ are known, the spring (helical) and damper
(viscous) can be designed suitably.

Assume no damping. Neglect masses of telescoping boom and strut. Find stiffness
of telescoping boom in vertical direction (see Example 2-5). Find the equivalent
stiffness of telescoping boom together with the strut in vertical direction. Model
the system as a single degree of freedom system with natural time period:

2T Meq
Tg =———=2T —_—
n wn kﬂ
W, + W.
Using 7, = 1 s and meq = c : 'l = 338%0 T determine the axial stiffness of

the strut (k,). Once k, is known, the cross section of the strut (A,) can be found
from:

A, B,
.k'=__i;—

with E; = 30 (10%) psi and €; = length of strut (known).
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