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Mechanical Vibrations 6th Edition Rao SOLUTIONS MANUAL

Ch pter

ree ib ation of Sin[lgrece
of Freec om Systems

R
y 2 9:84

2 1
-—85:) = (Sxm’)/z = 442945 r"'d/sec = 70497 Hz

Th= 021 S€c = 27 /-;l , W = o2t VR /2T

() (B pew = 20IE _ gmip 2w (22L0E
"1‘( ( T = 01715 sec.
new 1.5 %k ‘/-‘—g—_k'\
(“) (Th) ew = -—‘-—‘ZTJ-; = 2T Jm = 2T (O Z'J_') _-0-2.970. Sec.
n 1|knew [ 4% o5k
@ W, = 62:832 rad/sec = ’.4:_" N J?/gz,gsz
When spring constant is reduced , 3, decreases.
(wﬂ)new = 055 W, = 34.557¢6 ra.c'/sec = \/_k.ﬂ-:‘_.- i‘.:‘.’ﬂg‘
el m
k- 800 . - .
/ 220 x62:336 = 34:557¢ [«-800 _ .55
=
— 800 2
4‘<—1—(-—'—' = (0'55) =Qr 3025
® = 1146-9534 N/m
2 L3 3
3947-8602

m = 0.2905% Eg,

= loo = N

/ma (0000 N/m
2k

/ / (4"”0 )j/z « 10 kg

= 63-2456 vad/sec “x
_ +
T = 27 _ 6.2832 _ 100 N
n Cﬂn 63.245¢ = 0-0993 sec o0
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@ 2000
m=—.
386.4
Let wy, = 7.5 rad/sec.

-z

keg =m w? = [-33%] (7.5)* =291.1491 Ibfin =4 k

where k is the stiffness of the air spring.
Thus k = EMTM?}_ = 72.7873 |b /in.

x = A cos(Wet—-g) , x=-6,A sin(wht_%),
:)2. = -—c.gh?-A CoS (w"t'—sﬁo) .

- 27T
@) W, A= o1 TH/Sec. ; Tn = @, = 2sec, W, = 341416 rr:u:l/se,c
A= ot1/fes, = 0-03183 m
(d) ‘X-o: x(f:O) = A coS (—¢O) = 0-02 m
- -~ G0.02
cosCf) = 25 = 0.6233

g = 514-0724°

k) %, = i(t“) = -0, A ,s:n(—g)= -0l s.'n(-5'1-0724-°)
= Q007779 'm/SEc -

€ %[ .= wrA-= G-1416Y (0:03183) = 0.314151 m/sel
For small angular rotation of bar P®& about P,
z (kiz)eg (913>1 = £k 64+ T K, (912)2
2
Le. G‘!Z)eg} - (k, 2,° 4+ 3 1:)/232
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Keq = m Wi = [:_%] (62.832)* = 20.1857 (10*) N/m =4 k

so that k = spring constant of each spring = 50,464.25 N/m. For a helical spring,

4
k = Gd
8 n D?
Assuming the material of springs as steel with G = 80 (10°) Pa, n = 5 and d = 0.005
m, we find
g 4
k = 50,464.95 = 30 (10) (0'205]
8(5)D
This gives
3 _ 1250 (107%) g
= =22 ) — 94,770. =0. —9
D 50464.25 24,770.0 (10 ) or D =0.0291492 m = 2.91492 cm
@ (i) with springs & and «,:  —ee____
Let Y. ¥y, 9 be deflections o :1| Rt
of beam ot distances a, b, 4 ——b ——’I

frem Fixed end.

z z 2 &S
T Gy B = £k B4 E ke Il

oS & S
Q N2~ A0
. 2 & D
€., (‘klt)ea = ‘k| _?&) 'f'\rz}\ 60’%Q§ F
D7 (N o
% &Q‘ée@é@&\z&“%‘% PV
O Y S
- Fx? GI- xD S T mm—al
p— Z_..I-- - \Qb Ké 9\(\@ o{l: $0 ““““ ?
E F @0 \Q}A é’o ~\g$,\\‘$\® ==~ -

_ y = &
@ x @ o \‘Aos_g @g‘bQQ’b{:&eQ?

@ SN
@x=1b, ¥ =FET £)

@ = 1, ‘ = FfS&
3EI ,
2 2 '
*, k3 [FeN 4 &, % (_ﬂ.) 2 EI
W, = 1 ( b ) z % where U al—s-

m{kl (%)z + ka2 (%)2 + kben.m }
x (361) o Bl-a)2+ &, (3€1) b (34-4)°

ml®{x,a* Gl-a) + # b (30-b)" + 12 €2 £}

(if) without springs «k, and %,

4‘ wm
24
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@ Let =x=,, %z = cf:'spla.-cemenfs of

PulLejs' {, 2
A= 2% + 2 %y —--- (&)
Let P = tension in rope. P p
For e.su-:' Lbrium of Puucj i, N
2P=-k,x| _———— (EZ) ! —
For eeu:‘ufarlum of P“ued 2, &y
ZP': ‘kz xz —— e - (E;)
Lo i
Where Tk T Ak T 2R 3 K= 2%

and  ky= K+ K= 2%

Combining Egs- (E1) to (E3) :

) ] 4 P
2P 2P\ - o i . S
x= 2% +2% = 2 ("TJ) +z (‘T:;_) - 4P(?-“+z1‘ I
Let kea= eau.‘VaJ.enf spring constant of the system:
ke, = L = K
“7 % =% .
ua.i':on o *mc‘blon o mars W mx + * X =0
8 & (\e%é?
‘, ’ Q;b \o\\oxbe
m “Q’ \° o \é$2>
‘ OOQ \0 Q\% é
& Q’ & o P
For a dlspla.cement of x of mass m, 1:»ull@g?si\<\"s é“(\oo@é?@ B R B By
\Qf ) \%00

1, 2 and 3 undergo displacements of 3§ o‘goy & SRS
and 8x, respectively. The equation Q?mqﬂgﬁ

\.
of mass m can be written as 7\ F &S0
R \4@% & ’b{\ Q’q\\
. L O L EE
mx+Fy=0 P o (F (1)

where Fg =2F;, =4 F, = 801\'@ as shown in figure.
Since F; = (8x) k, Eq. (1) can be rewritten as

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

from which we can find

2-5
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@) @,= \Jax/m

(B)  as, = VARLH 4 m

Z_l_:rzi_-i:_;‘g_;!,_ _c_o_n_d i_{:fonS: AC
Velac.‘é_y a;_ JC;ZL:;‘; mass m = V= \J?_gf (’.' ‘U"'._'t‘# = 2},2)
x=0 at Atatic ezuflibrium Forf‘fn'on-
Ko= x(E=0) =_ weight =~ mgz

‘keg 4 K
Conservation of momentum: (M + ™) X, =m VY =m \/z;ﬁ
- Y 7
' Ko = Gb ) M+ 2}
complete solution: ({:) = Aa sin(Wnt + ,d)
Where 4 - J )?— - [mism | el
e k% 2k (M+m)

and oo D
=t (20 ) = o ,
g J} 2 x (M+m)
(&) Velocity of anvil = v = 50 ft/sec‘= 600 in/sec. x,= O at static equilibrium

e . QS Q,
position. S N

RS SRS
AT
Conservation of momentum & .08 (\&6\@6@0
. 0\\01@06@6?@(}\;@0 mv
O+ )% o 00 = 5
¥ e
Natural frequency @¢Z°606®6%&®g©&
KRy co'bo &
Sl 4k
< ,b(‘b \&00\@0& «&\ M+m
%&«G"’b be’%\
Complete solution: o
x(t) = Ag sin (wy t + ¢o)
where
2]+ .
Xo : m’ g m? v? 2
=4xZ + | — = +
Ao =1x0 | - 6k  (M+m4k
and
f,bo=t3.n—1 x_o_u}l; =tan—"1 _mg 4k (M+m) -1 [__ M+4+m
Xo ik V M + m) mv 4k
2-6
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Since v = 600, m = 12/386.4, M = 100/386.4, k = 100, we find
1

2 2
12 (386.4) |, (12(600)|" 3864 1" _ | ia0ein
Ao =117 (100) (386.4) 386.4 | 112 (400)

6o = tan™! [- \Fsss.z; “ ;1\2/ — tan~! (—0.01734) = — 0.9934 deg
386.4 (600) V400

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

momentum gives:

D . mv

Complete solution: _
x(t) = Aq sin (g t + ¢o)

where
2 l 1
. 2 -
. %o m? v2 M) |2 mv _ 12 (600) "V 386.4 .
Wy M2 4k 4k M 386.4\ 4 (100} (100)
o O F
%o p [ X0 Y &\ip&\;\b
=tan™ |~/ | =488 =0
Xo %oo 0(}0 Q‘O\%@$ é{\\& -
z "5@{ (\és &‘Q (\’& &
IR
361 SICIORY S X738 4
@ ‘ki = lgl (a;& ‘t‘fF) ; 0\\\)1\ ;&3’ c}\;{_fz_.f.%._.i (q;k rm“dd[e)
« 1' \ef’@\be}*&o;"é\f&é;dgo 2
eg = #,+ Kz L L LS

NG >
L3 Qé\o"* £2 w
Qg'%ue g
= AE _ ™ (. zo}ﬁb_ 14
by 2 {F o FzoTxo} 5120 x10° Wm
20

¢ \Y2
- & — 0‘312-9 X (0 - .51 a-‘[ ‘gec
Iy AL LR

Xe = 2 ™3, x=0 (suolale.r\lj stopped while & has velocity)

27T 27

Period of ensuing vibration = Tn = G, = 73504 = 0.2204 fec

AmPlE{:u.Je = A= 7'Cc./c.s,, = 7—/2&-5”4 = 007015 wm

]

Wa= 2 Hz = 12:5664 rad/sec [g‘

JVk = 12.-5664 ym

"= /4‘/ —’—-k— = ¢.2832 vad/sec
@y, — = JmFe 6-2832 /
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J¥ = 6.2832 [m+l
12.5664 Jm

_ 1
wri =2Im , wm= 3 g

= (12 5554.)2 ™= 52:6381 N/m

Cable stiffness = k = f_‘?& = % [7{' (0. 01)2] 2.07 (10'!) = 4.0644 (10°) N/m
1 2T
Tan = 0.1 = -f—n- = —“Tn—
k
Wy = ‘2—1 =207 = —_
0.1 m
Hence
8
m=X o 200400) (120 ) — 102053 ke
wi (20 m)
@ b= 21 sin 8 P @é‘o\
Neglect masses of links. © f@‘\%\_&

2 12 4!"—4}\‘%9219 Sh 28
@) kea_ %« (4f b ) (_()@_ﬁ%

& ggé.ﬁ 2] L i
\“éérz} & c’)&@

@ Qé‘ R b

'\ Q)(;c}\}b O

cos* o y
- (sc’nzg ) 0\\\) ‘@eoé@t’.\\ {{_ré\
WG = - * c’\Q}J\éﬁ" \ go@ From solution )
- X WE ( of problem 1.8

'ke.g
m B
S EL
(&) W, = ’*W'Z %ﬁg@o&%Q = k.

N
A be,

& 2
y =12~ sing-x* -1 cgs@; J!z (cos? @ + sin? @) — (I sind — x)* — I cos®

=\ﬁ2coszﬁ—xz +21 xsing -1 cos@

x2 ‘ 2 £ x sin ¢
— — : _..f se
_fCOSHVI — + 7 oo § o

1 1 1
E’keq"2='2"k1}'2+§'kzyz

. ) .
with Yﬁfcosﬁ[l—-l X 1 2¢xsiné — Ceos f

2 Beo?f 2 € cod B
2

__ xsgind
cos

=xtan § (since x* << x, it is neglected)
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Thus k., can be expressed as

Hquation of motion:

Natural frequency:

@ (2)

(b)

Neglect masses of rigid links. Let x = displacement of W. Springs are in series.

Equation of motion:

Natual frequency:

NS
Under a displacement of x of m@‘s ‘Ek-abb\;sﬁring will be compressed by an an

amount: 60\\ o q S
@\Q/\Q}*@@%@i $o"®®$
RISt OS b?
R \?Q%‘Q’t’f\ieq&\ & — — £ £
8 ’\o‘ifo&\ N
Equivalent spring cons/faﬁgs 5 \«o -« b >y
5:*\ 9 1
2 N
g ¥ ) £
2
4 2 2
or ke =2k || =2k||| -2 |_8k|e._ D} %
X b 4 2 4

Equation of motion:

Natural frequency:

Wy =
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Fi=F= %, % s 5° 5 Fi
4oy
F, o

= F4‘= g % cos 135 ey £5°
- ° x
F= force a_l.onj % = F o545 +F 5135 f) m
+F o545° + By coni35” Fs
= 2% (& 0s¥45° + x, ws*135°)
F 13 *
k= = 2(B+ B)s «+ ke
Ezuo.'h'dn Of Tﬂafl‘oﬂ: ™m X + Ckl-‘- ‘kz) xX = O

@ LEL' O(‘: Enofe 'Hre a.nsle fY
made : :

J Apring with
respect o X s

ot

7

Let x= clus'fla.cemen‘& of . l —%

T
. “1""?/ the dinachion 572 R
defined by © kg=ke =

If kef/= Q&,{L\pﬂgmt r!}:rinj ~%
constant, the G&LL%.EM-\.& Ks= %, £

v&rﬁ'@ " gives ¢

&
L ke © Z‘k {x <5 (e d) @@\Q'ii

ﬁ\ \(\9®
0\% o

i
Mo
A
K

N

N

Yo
X
N
(11

0.
€

@3

O,

/;f
i
(1]

~

=1
ard ZG . x; Ao = O "'(Ef.)
=1 °

(€y) and (E) can be vewritten as

6 \ _
é k‘:(i,—_.q.ii cos z«;) = E‘:,i ‘kz(-i,:—i cos zq‘)

=1
a.:ﬂ‘l L %‘ ‘f(c gin 7-0(‘: = 0
= (=1
e é %, S 2ef; = O --- (Ei)
=1
amd. é k; Sin 24; =0 =77 &
i=1
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In the pre.sen'lt E.XO-THP(E, (Es) and (64) become

K, cos 60° + k, cos 240°+ k3 CoF 28y + k Cof 420°+ Ky cof GOO
+ K3 Cos (360°+ 2o3) = ©

k, sin 60° + 4z Sin 240" + k3 Sin 2 oz + K Sin 420° + *, sin €00
+ #3 sin (360°+ 2‘\’3) = Q

(e ) - K2 + 2 k3 coF 2«3 = O

} . 2 43 cof 2003 = kz— ¥ ...(Es)
3
o]

NT K — V3 Ky +2 k3 sin 2ad;3 . 2%3 Sin 2a5 = VT (*kz—ko-.(ec)

Sguaring (Eg) and (Eg) and adding,
4wy = (k- %)% (1+3)
kg =+ (k- k) = kg= I-k,_- k,

Dividing (E¢) by (Es)
tan 203 = V3

Sy = —'z ‘ta.nx-’i (\f?) =

o e’ .2°. B
160 1b—sec? T 2% &
= — - 5 éﬁn o D
@ o 386.4 inch k 19&4\ ?}‘D ST

Velocity of jumper as he fﬁf M@\Eﬁoo ft:
mgh= % mv?: or ¥ ,—f‘\é\\ ="V/2 (386.4) (200 (12)) = 1,361.8811 in/sec

S\

About static equilibrium position:

xg =x(t=0) =0, X = x(t=0) = 1,361.8811 in/sec
Response of jumper:

x(t) = A sin (wy t + ¢o)

where
2 —
, 1| % % Vm 13818811 160 | _ v 1981 in
Ag =0 + | — &a . Ve V10 386.4
X
Xq
2-11
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The natural frequency of a vibrating rope is given by (see Problem 2.26):

T (a +b)

“ = 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) |2

10 = 120 ="V T (0.060375)
80) (160
which yields
T= 100 1,656.3147 1b
0.060375
T
WEEn W=o, tofa-[. | 1
vertical ,neiglqt-_- 2l+h Fe e
when 35 o, total fe~— Ne
vertical {\e.n'ahtz(zf cos e+£) T
spring force = k[2f+ k- (2] s 0+ A)] mg
= 2% /t ( {— =] 9) Q 692
ro 0 ¢ & = x
For verttca.L eeu.lufonu.m of rna.s‘ré%xﬁ'l@ & 'S&QQ’ F ';‘
— < Q\f\ €4 x== Lin @
mg + T, FE = Ty %\f{\f@oio‘_@ ( )

For horizontal e LHLWTQ@

(T+Tz.) in &
= (F‘-’ Ty s GV 6%&© --- (&)

o‘*«o

From (Ep) > (1) M“J@\&%&\E@sred as
mg.;- (M? cos e = T cos &

sin 6

ot © \'ng-q-mwtlc‘se

: = ™M+ R
e TL— 3
2 cos O 2 ws e
4
m .
T, = fo — Ty sin e _mxcsl_ T_g_—t,,.g__i_-s:ne
z Sin € S\in @
2
= -.:__a_s_ - _mi'_—-
2 2¢C08 ©

“se=<zkf-+mg ) .- ()

2&f + m!ﬁg"

2-12
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This aaua.a‘:wn defines the azu:i?l:r:‘um position of mass ™.

For small oscillations about fﬁzee}‘:.&bm fEEZ ,

Newton's second 1 gives _
2m y + } =0 s 9, = =
(a) LetP = total spring force, F = centrifugal force acting on each ball. Equilibrium

(b)

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

P | 12
100 2 |100
1
= 10* |=——| = 100 N, and
When P = 10 [100]

2 2
F—mrw2=mr[27TN] . 25 lm][sz‘ — 0.004471 N2

50 |  9.81 |100
where N = speed of the governor in rpm. Equation (1) gives:

0.004471 N? (0.2) = 12—0 (0.12) or N =81.9140 rpm

o tical position.
Consider a small {{Wéﬁggj of the ball arm about the vertical p
Equilibrium about poﬁ\@&l 9;5‘ :

(mD?) 8 + (k asin 6) a cos 6 =0 2)
For small vallues of 6, sin 6 =~ 0 and cos § = 1, and hence Eq. (2) gives
mb?f+ka?f=0

from which the natural frequency can be det,ermi:t;ed as

1 ) )
ka? |z _ «|012) 9811 _ 375851 rad/sec
uy ={ — bz} =100) {o.zo 2

2-13

© 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.



www.konkur.in

z_, a

. oo’ =4 , os= [k + T
when each wire stretches by % let tke

resulting vertical J.isp!a..cemem': of the

Pfa.tform be x -
oS + Xg = /(71‘-2)1_{.

z az
'x“‘: 4\4‘-1-

EJ
‘Mj

~ £
For Sma—“- x, ard Vi+0 = 1+ 7

and hence . . .
- 2 Ld 1+ > -—i] ___———":_—" x
'X)! - ,("" + _91_‘_ [ (4‘?-_*92%‘) f\z_+%

Potential energy ezu..‘vale,nce gives

* . * O o
i 'keﬂ ®x = 4 (J,-_  x ) & (\\o&o.(\Q@
z 2 NN \$\6
4- K {‘ \\Q’ L P ‘\é &
eﬁ 4 3 (———) (11’_‘,- 43.0 (}é & @0 g
X
&
Evu:ra'n 01. molien o’& o SOGNIS
K 0(‘;\@ & & \ob\(\cb\%
M ox + 'ke& x =0 @ e\o@oo&fo 1/2

2m ___—%O\Q ‘\9\
’C’n = (,9,,‘ (“‘%/oyf§>% Q ‘ﬁ_

3 3 <~°« S OA
Equation of motion: LEI
. o&s&b
mx =Y Fy

i.e., (LAp)iE=—-2(Axpg)

.2
i&,x+7%x=0

where A = cross-sectional area of the tube and

— density of mercury. Thus the

natural frequency is given by:

2g
“= I

2-14
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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.

2 ke _ (2 (31.416))% = (62.832)°

keq = m wi = 250 (62.832)7 = 98.6965 (10*) N/m (1)
AD = Vo052 +05% =07071m , OD =V2? + 0.70712 =2.1213 m

Stiffness of cable segments:
AE A (207) (10°)

kpo = 5 = - =207 (10°) A N/m
PO g
Kop = AE _ AR (0) _ 675617 (10°) A N/m
Zop 2.1213

(o]
2m e
A 07071 m

-1 v !
o-tor (2227)

= 19.4710°
ke =4k PN °°&<‘>‘ >
= oD COS ? RPN
= 4 (97.5817) (10°) A cos 0«194710*’ = 346.9581 (10°) A N/m
Equivalent stiffness of vertical and inclined cables is given by:
1 1 1
= +
kg kpo kic
. kpo k
ie.,
9
(207 (10 1-é') A) (346 9581 (10°) A) — 129.6494 (109) AN/m 2)

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

_ 98.6965 (10*)

S =1T.6126 (107%) m?
129.6494 (10°%)

2-15
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@ 1kl g -153—=4(7r)2 (25) = 986.9651
27T | m m
1

1 k.]_ ? kl _ 9 _
—4.0825 ; —————— =4 (m)? (16.6668) = 657.9822
27r{m+5000} " 'm + 5000
. E
Using k; = 7 we obtain
1

ki  AE _ A(207) (10%) — 086.9651

m ¢ m 2m
e, A =9.5359(107°)m (1)

Also
kh______AE — 657.9822
m + 5000 ¢; (m + 5000)
=6.3573 (1079) (2)

L€ 5000

Using Egs. (1) and (2), we obtain
A = 9.5350 (10~°) m = 6.3573 (10~%) m + 31.7865 (107°)

ie., 3.1786 (10‘9) m = 31.7865 (107°)
ie, m= 710000573 (3)
& ep \o$\
Equations (1) and (3) yield oq&‘i 6%\%9; o@ N

A =9.5359 (107%) m = 9.5359 og,m“@}ﬁe&\@ 1573) = 0.9536 (10~*) m?

Longn‘i:udma-!. V‘;E:.r(.::.'i::c:r:\:)Q ozc@\i S°

b 0 (\Q

@ Let Wy = Fa.‘rb of weugl-t' @c‘\& %é’aﬁ\&d By lenj*H-. au G';F S‘}‘:a,ft
Wy= W Wy = weighye &ﬁdﬁg@\ by length b

- S eox@ W; @
z= Elongation of Ees&}ﬁb&a) = 1
S AE

E= ‘r’oung} rnoaf uf.us

A= area of cross-section

Y= shor‘fenmg of zenj'H—. b= (W- Xfé_)(f a) = Tral%_
Since x= ¥, Wy = W(l-a)
! Wa (L- a.)
x = elongation or static de flection of Ienj{-l-. a = —T

Consfden‘nj the shajft of Eengﬂn a with end mass Wi 3 as a
SPrfna-meSS Sgs{'em,

/% - (it ?iao)
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Transverse vibration:
spring censtant a_—F a fixed - fix beam with off-center foad
= % = 3e1 £° _ ser [’
2 b3 23 (f—a.)3
G- JfE = { 2EE s er 2% Y2 1o (T4s)
m W o (2- w)3

Torsional vibration:

=moment of nertia

15 §{lywheel is given an angular deflection o, resisting
torgues offered by fengths o and b are GJ@ and G&3€.

b
Total resisting torgue= M_t,.—_ Ga—(a_ i)e
m { a4
= 'Et = G7 ("aT * "t') where T= 5o = polar

moment of inertio.

1
WSn= ..k_".'.'- = G:f _1.___'__1;_ /2'
Jdo (77 b)

wher J = wnass Pola.r moment ji@ %(1;'5@»- of the §ljw[-|eel.
OQ'DJ\\(\ID$\GU—

Me,_, = equivalent mass of a uniform beam s@th% \é etid (see Problem 2.38) =
\® \$ \0@ e}
33 IR 66
0.3107
140 140 { ggéz 6‘2’@’6&3& 386 4} 310
\(\q
Stiffness of tower (beam) at free egﬁ\\A 2 \\
SE L. @W;» ﬁ@@) (35 (1) (%)

L? 5‘;\« (150 x 12)°
Length of each cable: i&\b

ky =

= 0.001286 Ib/in

—V2 —14142ft , OB =2 15 =21.2132 ft , AB = OB — QA = 19.7990 ft

TB = VTA? + AB?2 =V 100% + 19.7990% = 101.9412 ft

AT 100
fan 6 = 2o = —5.0508 , 6= 78.8008°
ALY =AB T 19.7990 ’

Axial stiffness of each cable:

AE _ (05)(30x10%) _
¢ (101.9412 x 12)

Axial extension of each cable (y.) due to 2 horizontal displacement of x of tower:

k=

= 12261.971 lb/in

2-17
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§=€2-{-xz-—2é’xc3(180°—3)=6’2+xi-11-2£’xc059 '
2 F} l /

= ! _x_] +2§-c059

~¢ |1 1"2 (2)——0055
Ycﬁfl—_fﬁ" -+-§- 82

=€+xcosb‘-—€-—xcosﬂ

Equivalent stiffness of each cable, keqop, ina horizontal
. direction, parallel to OAB, is given by

. 2
1 1 (e 2 2
5 k= 5 k.08 x? or kypp =k (—;—J =k cos® &

Equivalent stiffness of each cable, keqx, in @ horizontal

direction, parallel to the x-axis (along 08), can be found as -

1 l 2
= 2450 = = =—k cos” &
keq.r - kerB cos” 45 2 kerB 2

. . g0 :
(since angle BOS is 457) & O
. 2 &L
This gives SN
S glve OOQ* & O\% @0‘ %’Q,

O .
RN

b =L (1226197 cos® 78.8008325560a0%6tb/in

2 <‘ ?Q c@iy%os 2
In order to use the relation ¥ ag;ga\f}ﬂ{c@ﬁ 4 E{.
eQ&ob% 0% o\@\ L
N ‘\bQJ & Q
e (P18 ELSEldny 1 EL 1)
i - & b\_og_ =—
TL sg?m«fﬁ' 2L
_ 100”3 (&?@@ 100) _ 05185 . Thus
2 (150)

k, . =k +4 k . (0.5185)* = 0.001286 + 4(231 2709)(0.5185)*
= 248.7015 Ib/in _ i

.N:atural frequemey: - JKE@ 7
)
%ﬁ — >z !
L =
- L ""'_"’7{
1
2 1
Keqns - (M) 2 = 28,2923 rad/sec
Wep =177 0.3107

m‘quci
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@ Sides of the sign:

AB = V8.8% +8.8% =12.44in ; BC =30 — 88 —8.8 =12.41in
1 . s
Area = 30 (30) — 4 (E- (8.8) (8.8)) =745.12 in

. 3
Thickness = % in ; Weight density of steel = 0.283 Ib /in fe- - 8"

1
Weight of sign = (0.283)(7)(745.12)=26.64 Ib

1
Weight of sign post = (72) (2) (Z) (0.283) = 10.19 Ib
Stiffness of sign post (cantilever beam): )
e

Area moments of inertia of the cross section of the sign post: I

1 1g_ 1 .4
In_ﬁ(z)(‘i) =

A 3%4
1 3 . 4
_ (=Y (2 = —1n

Bending stiffnesses of the sign post:

)
) NN

3 (30 (107)(@%s

3EIL S 4
- fsn _ = &\\i&—&@ﬁé—\sﬁ:@JS?T Ib/in
3 (30 ﬁ‘&&)je\@}% *
3E Iy IS

= __*_Q—?&-@—M = =0.6279 1b/in
N 00% 0&1 @Qb
0
F N &

Torsional stiffness of the sign post: \l/
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b4
a b’ _ E, —_——
i =5.33 25— G1—0.83 7 [ - aJ

McGraw-Hill, New York, 1984,

(See Ref: N. H. Cook, Mechanics of Materials for Design,

N
@

p. 342).
Thus
1 1 (£
? 8
(W () {115 (10%)) {1 — (0.63) () |1 —
k, = 5.33 728 (115 (10%)) 3 O
— 1531.7938 Ib—in/rad
Natural frequency for bending in xz plane: 1
1 | 401877 |3
ke |7 _ 1 (gppa) =24.1434 rad/sec
= m L 386.4
1 i 4 \(\Q\(\ @Q‘lo
Natural frequency for bending 1D ¥Z p}ane. & i%i;\ ¥ %‘\;\c@
k] 3178 rad fsec
= AR
L« s

SO
By approximating the shape of th(g@g&@gﬁ;@ 3,;@

we can find its mass moment of@ﬁé‘e ey

IOO = ’73 (b3 h +h’b(§,\):,b\0: «386.4 3 8 8
&

N
D

4,

Natural torsional frequency:

1
1 —
ke |7 _ 15817938 1% _ 78790 rad /sec
we =11, [ | 247189

o) Pivoted: _ . 12EE
( ) | = = 4 (%}:‘- ,t"-‘ [umns
€ - fve mald Ju-b + ,QJ‘_ u-ugﬂi- O'g— co

x = Q

Let 1= 4.

Let et w .4
E comn o'g- motion: (‘j’ + mz;fi) x + eg

{2ZET
. N = &, =
Nakural freguency of horigortal vibro£ion j;(%umw)

2-20
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(b) Fixed :
since The _joa‘nt between column and }'lomﬁ
does not permi:’: rotation, each column

will bend with ‘nflection point at middle.
When force F is a,w,l«'eol ot ends,

3 2
3

3EI l2EL ) 4—QEI
kcolumn = EE—E—E > kea = 4‘ ‘kc_gim-n - 13

nd
Let Wegp, = effective mass of each column ot top e

Eguwfl‘an of motion: (% + "j'e;y:z) x o+ ‘ke& x = O Z7ET
Nat ural freguency of {.orESOnf:a,L vibration = &y= 13(%4- mgﬂz)

3 M r) 2
Ef__jle.c-]:ive maSS (cfue.‘ﬁf_—s_e_‘._f_-\_u_e_tgl-;b_)__. E:/ 1, m M
ittt 1 ___ l
@) Let m,, = effective partof 17 F
& ‘\Q‘O .“\.
mass of beam (m) ak 6nop- \\'§\®§i‘§~\6®\$ 5
. N
Thus vibrating inertic forceooq%%%@@&b
is due to (M-(— T"g’q:f) S AR

P L& L
OIS Y me af +he
AsSume a(é‘f Iec{‘fon Ska—re\){&% A G b(thbra.i'tan Sa
<

>
S SE 1. .
NI i Do e bl g
y(x,t) = Y@ us.%(Q@gaof%&?\gi* where  Y(x)= T——=
) 4‘& ) 'b{\oeo? 3 . lection
Z, S & N wkere Yo: FE - maX- th olEff
C @e'@?;beé 3 (513
y(x,%:) = ‘I% (3013\1_- x ) Cos (&S"t—¢)
21
Max. strain energy of beam= Max. Work by force F
- 4 . 3 ET 2 (Ez>
= ZFT = 5 743 Yo
Max - kinetic energy due to destributed mass of beam
L .2 . 2
=4 = ,t d= + (2 Mm
z Q J: y (7( )}mu Z( max
z
2 2 (33 L wrY N (Ea)
=z O Y% (T;B'" + 2 °
33
. = — m= 0:2357m
- Mepfd o o
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> —
3 e e e m———-—
(19> Let Y(=)= o + @ X+ F3 2 as, * % ;[o
Y()=0, é—}(a)zo , Y(2) =Yo %(ﬂ)q,
This leads to Y (x) = 2_‘!_?_ 2 _ ?‘__\.r;_zg ¥
LB 1 o
y( “b)‘ Yo( ——f;_ -2 ..—--) ccs(w{:—-p')
Maximum Skrain energy = J” ) .

GEI Yo (e5)

= T L . 2

i ’ m\ 2 [ (22 -25) 4

Max. kinetic energy = -’— M &, Y + Ji(f >Yo On L(Ez 13)
(B

= -'z 0.9:- Yoz (m+ -—"'-rn>

= 12 o, = 0-37I4 ™M

- Meps 3

Stiffnesses of segments:
2 _dl) = T T (2% — ;6753»1@@363 in?

-
A, =— (D
' 4 «\Q’ 6\@%@‘0\0@\

_ A Ey _ (0.7363) (18 <~)>‘ &i@%ss (10*) Ib/in
k1 B Ll eégb&\\ 2
Az——(Dz—dL\‘é&@ @@ﬁgﬂ 125):—_05400111

4 50 N £ § ‘{~
Ay By o0 07) _ 540 (104) Ib/in
ky = L\E@Q‘;ﬁ"b&é@ﬁiﬂ
RN QY
T Frd o’ T (12 _ 0.75%) = 0.3436 in’
Az =3 $IB<§>‘%£°{P%§ < 4 (* — 075
A 5. 3435) (107) _ 499516 (10%) Ib/in
k3 L [S §\

Equivalent stiffness (springs in series): 1
1
ettt , -
— 0.0162977 (10~*) + 0.0185185 (10 0—*) -+ 0.0232820 (107*) = 0.058098 (

or ke =17.2122 (10*) Ib/in

Natural frequency:

Keq keq € ‘\/ 17.2122 (10*) (388.4) _ 9578.9157 rad /sec
= = = - = 10
Wn W
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!
!
£ 1 :
= 1 — ' 0/S = 21 [T—
€y LY ktof,l x + g : v
Hf = Kpted = FH2 k3 % N
k,= 4%k 3 _1:_1__.=_L..,_‘l;_=_a_£+i______f£
J4 total 2 3 4 3
¢ e
= %
e
Th = zTr\J——": where ke‘&= 4k+-3ﬁk_?k
i ! 330 sec
L= aw [ - 2TOG[E - 2“46(‘?) o 4
,re h —
16 k
w
@ Let M= coeffic cent of Friction pre iG o
! ! v -—
"= A:gFfa..cemenf of <G of — i
block Ry 4 2,
' b t @ ‘Q.Q\y\é‘o\ l N
F,,Fz'z net reactions between \%&\;& !
S S
roller and block on OOQ¢§%%®9§§§\%®QC '|[‘ c 'll
,l- gc\‘.' a.m.d rtjht S\J es. \q‘,@i\é\&ié%\’@@ Qe‘@

‘\fbo\

‘Rea..c'l:.ons at le_-Ft o,nd mgiﬁg’b@tg% to static L:a_d( W are
(c-x/pc  andf ¥ f\ & /2c , respectively.

M= mament about G@?{&%pq’b d%o-}:.an of block = (/u F,_—/-FBE:; o

Reactions ak h-ﬁ:k’ @OH' to balance m= m o pelfem

2C 2¢

E = W (c—-2%) (bﬁ:&j D) . F= W(:+x)+ tz_:f(Fz- FD
I 2C I's;
subtraction 9ives  F_F= WX + A& (R-F)
- C _ W x
e R- Fi= ¥* c-—f-‘a-> - "f*t/x.
Reston‘nj Force = /.A(F?_— F,) = ( éu};.a- 3
Egua_.‘blm- oﬁ 'ﬂ‘IO‘tl on /.-. w —o

_.. c-_/uw)
W, = il J’_‘
W(C—/‘o’) —ja O

Solving this, we get = [C w/(? + > )]
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(2)

(b)

(c)

www.konkur.in

tion:
Newton'’s second law of mo ) )
F(t)=—ki x—kyx=mX or mX 4+ (ky +ko)x=0
D’Alembert’s principle:

=0
F(t) —mXx =0 or —k;x—kpx—mXx

Thus mX + (k1 +ko)x=0

Principle of virtual w rk:

i i i .lacement &x,

ass m is giv 3 wrtu.al disp e o

\’:fvi}rl:sa?lwork done b the spring fforces = - ((::x-)’r 61;2) X
i i rce = -
Virtuac.; Wm;k gﬁn;:) [fil;?eli?:';:tu:.l work, the total virtual work done by all forces
According to the
must be equal to ze ) -
= ks + kz) x=0
—mx&—(k +ky)x x=0 or mX + (ks 3

OS2
W (\\Q ©
. . o 5
Principle of conserv tion of energy: R

o G 2 — ¢ = constant
T+U= ;:«*mbﬁf £y +ka) X
d &\6 @é 0{9 @(&QQ

COPNEAN
)
d.t AN &g GQ'

=(t)

i
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(w) stiffn ss of the cantilever eam of
{ (%) ocation af e :
3 E1 (E )
1(5 - ‘_‘";'
Since any framsv r e forc.z F Ph'eov 1o te
is felt b each of the thr e fprings o, %, 3,
th springs (k,, k2, %3 amd kL) ca e
Consio\ered fo b in series. Tln e?ui\r

co st nt > g’ o;f- e 3stem (S 3iven Ly
A |

' { L + “+ —
keﬁ Kk, <
K, %3 bt KK kp n" ki ) 3
o Ky Koy JT@Q& (e2
Q*&\ \e\(\ \%ié %‘Qg}
oY y \(\Q 6\
‘k i k R 6@ oa\(\c‘i%(k(\.}(\&Q
= RES (4 (3
\.Q) k 0& k kb + , 2_ 3
AN SR e
&o’@' e;éoe, &
O teon of th
(4 Vi rarti
(b) obur @2(&;&; Q@;@‘?n y of Wi

N @ o‘§s\"} '

syst e&:éié,f:g@;%s\lv n by

j | C )
GSy =

here % is given by E?/-(Ea7.

E ul’vw‘E\\t &
¢ yste /)

2-28

© 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.




www.konkur.in

te.

5
o O o
SESIES
O @G.th'be
@
* A 906\\5$6
@ AT NO @
S PP E
Lo L
N SN
FE S S S
57 & o o <
@ e &6\(\ @
\)(\ ¥ 2N Qb
3 P’ e au*'
0 &\ \Oﬁ c m
d AR O e "‘
& %ng.rﬁ N
. F S
QL7376
@ @ (\b O {\\'
{"'4\ ‘b,tb{\' )
L@ p L€
ORGP
&‘(\\b\e'oooog\’b\&\ W v
,b(‘ ) oﬂ j
NN
NPT
DI

© 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.




www.konkur.in

fesen bearn b P
ard [

& £

© 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.




www.konkur.in

Th stiffness of th beom (given syst )
fore F . C i

<
" - _ EI - 94-339¢ EI
c s 0-0106
cn

3
. 05
2017 xloq Por omd I:—";(°°5)(° )
= 521 “;S ’m45 FI= 07,84

N ol ﬁ} e :

HHere

ke _ |9 -33%({07,247)
50

Oy,

|

n
vl
(o]
~0
w
Q
ﬁ
?
{1+ I
-~
N
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F o
= -
dpz = - (3a-%)
z
9 - F(O'S) 3% 0.8 —-0'8)
%5 = ne sz o8 GET

|
S
S

O &
0
N~ 2
i SIS
N é& G?QJ&é
I S P
* F —__?_.__@-..«"0 QS@QS'S‘;? ETI
- m— =
B y a-17 0 @IS ISR
B \)<\\ NS 6‘2’(\\\}6 Qb
3 & ®
NGRS
c»,\@ \*\0 99\0$é Q’\Q
rn - 5 o ka 0\0%0\@ %Q;\{\\% O\\‘g\

N
kg = 5.85937 (lO?,SQ'l-Q ) = €3,lﬁl'5'-l-i764 ~
(3™ | ¢€31,915-47¢64
“n® ™ B J 50
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@ Egu cvalent

z
= loooo(d ):l ¢25 N/m

o-82
SP"""ﬂ constant 0‘6 te b am ok yt
m: “ e
plcity, we odtims thet th A o
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4 v y of the be ABc
subj c e to fovce F o B
— F
«kea. 8 =
SB a B
’ F
A B C
—>

beam, B
<—-b —n
=0
- i ™m ——

2
S8 (0= Ebx ssal-  (3a4b)}
¢er { iMZ«w

(o'z ) (g P O S ;?Qiéé(o's) (1re) —o:8 (3x0-8 +0'?->}
= O
bea ,B . E ‘% 3@ o

\“ ‘l~
Qq

g,@‘&b roq\&‘; F/EI

O A 8~ =73 .4 \9EI
Q7 9

g-001365

@o7 x10" ) TL (0-05) (o-05)3 = (zo x10 )(52 I % to

= (07,84 +0O

= 732 4219 ('0 ,847-0)

kbm B
- 78,9995 x10° N/
Next, w consider +he twe SP\""njf 1‘3 kLem,B
t be = ko that the eguevalent £ g

B, 933,1'5‘ 9i en by

6 ¢
*eon = € 4 klpe.a.wB - 001562 x10 + 8-9899 xto
§
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x(t) = A cos (0t —¢8) D)
k= 2000 [m> = 5 kg
o= K = 2922 = o rod (5

fxf+(:';°>"f, o (35)

(G/) '10:20 mwm, " = 200 mm//s

o
Az {(2")"' =2 = 22.3607 w
- -
¢'= *Ml _2_?2_.——) - 'fm (OIS')
20 ( o)
- 2¢.5650° or 0.46 6 rad
" © Q(\@Q s{-ve w;l(
Since \oa'ﬁ; o obé@% oSiTt 3 ae
s5e o
n the ;lrS{: Zua.a\erﬁ g\%\@\kﬁg 'H-T& '{‘ES'JDOY"
ST
th syste is 3:@%& %‘Eﬁ “ég (1
Sok Q,G" \ I 2\ _
x(t)= 22 «°i§% /8 \«*(zot-—o
s"‘\&“‘%zq’i”’{\i@@ = 200 w
(b) Ko = — 2&6??:@20&@@@0 =

.-:_26-56500( —~0.4636 Y ) N
(53 4349° (or 2+ 6780 red)
Since Mo i8 ncjwtive, ¢ Lees in the ec
g T’nuS e re,yaocm&e ooe the /SjS‘f'e.'m
{S:
(&)= 22.3607 ot (2ot - 2.6780) tom
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) o= 20 W, Xo = m/ 2

A= {(od+ "2°°) } = 22.3607

a.m—' —~ 200 _ -lf_ &
(2.0(20)>- 'f.'a.m ( 0:5)

_26.5650 (evr—o-k 36 rad) eor

23 .4350° ( 5:8136r )

is neja.;\'we, L n the v
T ws the ves onse of the S‘ys'i'em

|

£
]

Since %,

(S given Ly

x (t)= 22 3607 ot (‘Zo'i: -(-0-4636) m
“é‘-g?l‘ié) mm
22360 (.09( \Q@\

QY 3 6\0%6@ >
L & o‘@O 5
(J) XK = — 20 WM, *@5 09»&9.@0 mm//f
° & \)6% 6‘2’& &qu\;_ L
© gald prz e . €07 W

2
=L
= { G 20) \;c,t@:}*i%(\
C & |
¥ XS O |

SEE C(er 04636 ¢ D

s‘q’&@*‘a

3

or 206-5650 (mr 3.5952

Since \aoHi XK, ‘;‘o ﬂ >
be in the third 7o - tlence e
response of th Sy ste wil{ be

(£) = 22.3607 o8 (20t - 3.5952)
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x (t) = (&9“{—?5) (l)
. L R
x 2 -1 *o
A-‘T' o -+ —E"?‘:) } N ¢"_" f "'——-"x (19,,>
= o kg, = (000 N/m

0o
9, = ' R (o .
n m lo /

-~

@u) %, = o mm, %, = lo0O Thm//g

L
A= {(’O)"' (IDO = GOO+ c;) =yl 2
= ‘M;l(__!_o_g__ = a.n:-‘(l)-: s° ov 0. 54T l

o (10)

. ol e . LE
Sy Ce bot LN %, oNL vacﬁl{’lve, ¢ wuu
“o‘\g <
" t* -_Fu‘rs+ M%ﬁidﬁzﬁfg%cﬁ th \"Cuf}oonfe

NG
® \ﬁ "o% $° @
" > .27 S
‘°\'°°\fz>é°\*@%°\— (0o ™ /
by %, = —l0 MIBIELT A

¢ = tam 100 @y - — 45 o135

(—Io)(lO) aA
oY (—-o~7954 ved or 2:.356 ¥ )

Since %, (S € ative, ¢ Li s in the e cond
9w onk . Thus tke response of tke Ayste

(S Ziven \9;(

(1) = q-ty 2t cos (tof - 2.35 ) ™
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G 'xo:IOrn ) Zy= —(oo M /

2 2 L
A= {0 +(—“—;9—°—-) }o= e
pete (T55) =t ()

- _ 5° or 315° (W_o.—,gsq - oy 54978 rao‘)
Sine %, 1S ositive a_m_,l %o (S nesa.‘hve,
¢ ¢ s in the fourth ?}.m.o\.nwjr Hen the
¢ S onse 015 Hre ,S:,g{-,e 'S gien b

()= y-14H 21 ol (lo": — 5. 4978) mm

L — \c)(\$
() "¢ ==l60 MM , A T ~‘{‘\i® e ™ [ A
S 028 S
2 - 'o%&qoe’\ ) &
Az (re) ( Sy Ay = i m
&Qée’@&\b\o \%(\
S 0\) c}\}
X o NG _,
(18N (1) = 46 ov 225
?5 - tam ._-——@é%fgi&s J ta.m
-«‘z@t‘g&bfé\ &° &
S (9.5 356 r
N P & .
= (0\7&8’}ch%@{ 2 S
(b(\(\e)\& 'b\QJ «0

\é%\e - oﬁ s .
sine both ¥ amd T ont P g Ao

A 1 - thicd . Thuw the v
o th 4 wll

x(t)= 14 21 cof (IO'E - 2-3‘5’62) ™
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Co lou*'a.hbn of |a|-sa-$e amgfr; g, in Eg. (2.23):
case(i): %, amd _’_‘_g pesitive :

Wn

tam ¢° = laoSifl.Veg 448.\0(. ¢° [ies in
frest U-\ﬂ-‘b" ( . Ahown in Fig-A)

-+
§
o
]
|

: K. 3
+ xo -+ l (-] .
*o | & % ,
— [] R N o -
n ™ \\{b tbé(\ 0'8\\ \6@ n o
& @7 S Q —
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N, 97 @& v
so¥  1qure A

. x :
Case (“) : 0= chi{:iv 3 o 9 "ai‘) = heja.‘hve
t ?50: "ne_a'a;i-i e, ¢° lies in Aecond % okt
QE;): K, = So;h'\/e ) 926(57 °é;n)= he_jq,{-;' e
8, = Posftl' e; ?ﬁo lies in third 3u°-°\ra~m‘:

tam

. . x Y
cageG“); %o = ne,ja.a'h €, ‘7-0( —E’i) = PaSn{:we

tam gbaz nega:h've; % (e in four{'k 3ucuo\ra.n‘|.‘
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=S , k= 2000 N/m
W= 4% = 2000 _ ra
92 = 20 ra [
(04) P 20 ™, ;;oz 200 mm/,&
Since 5 xXo QN both Poﬁ{:f\r , ;ﬂa [fes in e

ficst gue rant (F'ro\-n solubion 0 £ Proble .GD:
g =t ("“"“ St (222t ()

200
- ¢3. 349" or U167l vad
Response given by 3.(2.23):
< ()= osin@nt+ o) .
‘ - Y 2, (02
it Aeo= 9¢-0+(__°_ qu=$§(2c)+( o)]—

!
~N
P
w
()Y
(o)
~
3
J/?Q
7
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(o4
O’

ke (t)= 22 3607&%‘*&1‘2&% 4 leto7l) 0m™

Q\“;%"L@o wm [ £
° ,@\qﬁ 44 :
sine \5"3}&&{1 amd %, i positive, & lies
o th 4e yﬂ?}i@\%uf’- comt ( From Probl m 6D

U’) = — 20 "M,

& 0
%a_ -9, S )= Tam P St
g oo

W

am' (2) = =63 4343° (— 11071 vad) o
296. 5651 ( . €0 m.A)
Ao:{ o‘l'("a';;)l} {(2‘5)"'( }

= 2 3607 wm

. x( )= 22.3607 sin (2t +5.1760) m™m

[l
LR ]
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©) Ky = 20 mm, X, = — 200 \'Mm/,e

g,z fon! (22 )z W ( 20(203)=+w:; (-2)

- 200
=-3-w31( —1- 107l od) oY
|I6-'56‘30° (or .0 LYy I‘C\&)
Since N S Pasi{'f e mi ';‘o (S neso.h've, /do
i s in t8 A cond ?f...a.p(n (From Pro lem 2.6D.

L
Ao= {x:+(%{‘)" 1 =y + (2% f3T

=92 +« 607 wm

s x(#)= 22.360T in (2ot + 03 4 %) W

N
O£ e
x_ = 03“0‘\9\@::1 /4

(el) K, = — 20 wm, 0 = @;&.&%&bib

NS ‘\é'
563 *‘)0\5 - (2) 349
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0 _0(\\%6’60 6\ N

0‘\ ‘(\

ot ldﬂl@‘*\%{{f 243 43 ° o 4- qevmo\)

iﬁ}f Toeytps

’b \&\Ql \SO
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1]

Ao

x () = 223607 sin ( of+4'2q87)m
Csirtce %, omd *o beth ne ti €5 @, lres
'n the third ) o solution of
Prauem 2-6|).
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m= 10 Kg, = 1000 N/m
- _ lloeoe _
O, = ™ 1o = oV [

Solu‘h‘on (r sPonSe) of the Sjs+em 'S St'v n Ly

() = Ap sin (w'ﬂ*" + ¢o) ™
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L <. @
2 v 2 - _ ,.,\( e )
pos ot (Ze) T amd g -t (T

= (0o 'ﬂ'/ﬁ
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- adl
to (103 o' (V) = 5° oro7854r
¢° - +M ( too ) o ( ) I -
Because x %p\ 'go oJ1L$%\9@"15'\$e OSI{'IVC, ¢O 1es
\i:@;é rou m 2. GI)
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\® \$ \0@
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3OS S
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oSS
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o ( ‘ };\é\‘g’z\ego {o )
Q

~o71 54 r (mrBIS o 5. % 87F D
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n
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{ ce o IS Posih' 3
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=—l0 Yam, %,= - (o0 \‘h\'ﬂ/
m
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= Iy 15
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F om Exo.m]:l 2:1, m= - soo /

o.- £ - f_' . [s

= A
X,=-—2 ™ °°o" I0o rnm/

Eg- (2.23)is: (D= Ao s:n(wn‘t +¢,)

with Ao= ( >}

W
|
&
N
|
Ly
%,
7

Sinc %, 4@‘0‘\"3%{39@;\!‘8 amd o 'S PO v o [es
in ﬂ:e U-l&‘% < \&ua-clra.nt (:F' o Fro |e.w\ 6‘)

o ReSPor\se 'S given "’J
e (t) = 2.8284 sin (5’0": + 5. 97 ) —
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circular cross —section of The tree (I) s

@)) The o ent of inertia of the salid

9¢ en by

Izé'ETd _'6_47‘—("'2 ) — o.600 19! 4& wm
The axiak o-d::r\ﬁ e ‘f‘ata c’b— e
trun 1§

F= w, g =100 (9-81) = 921 N
Lixed— free column

umin "'ru.h
Agrmjﬁ:e ) ‘nﬂbu_nlc_mbe

under axiok , the bu
JolGF mined af : y
| wWrEL _ @'-&\g&@x,o )(le.-rzfu:o )
&k\%&\? 5 (lo)

YSS of the Frunk in swaly (frans verre)

(b)) The tng @
mo‘l'tbh i S 95 € Lj ( " the Hrunie a4 o

ixed- §r e bea. ) .
'5: 3l _ 3 (1-2 xnc)?) ((?[-7 gxlo
0 @’
= 6902928 N/m
Naturak Jreguency of vibration of the Tree is
e | = \(M . 2+ 6273 rad /4

WOn= ™m to o
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@) Mags of bird = mp = 2 kg 4m )
Mats 015 beare (branch) = l'hb = wd
M = D (4> (700) =

M:fo{' vots ok B =

21(-9912 kj

mnMcf&_ be & + eppiv
615 bear (AB) at

- 2 + o.23 (2v9912) 7.0580 kg

(eppav ot a beowm ok is [t
= 0.23 fmut M {-Qt%kozj*“)

k= A& of @"fi@iié‘?m (L\’md«> of

_ 3ET _ 3 (m& %‘ﬂ'(o-n
- £‘3 - &S O3

&o g \\’0 N 3
> b® S’ 4)
4 S
6 ,06\@@ (

= 2301 Q&@d’i S'm

'b \&\Ql \SO

Thus the E_?J.)-cﬁ&aﬂ motion O:F- the b?rA R
free ibrotion, 13 given Ly

M';£+‘k = 0 (Lg ﬂ-jm W"ﬂ)
|te-
70580 % 4+ 30l.0937 ®x = 0

O Na.»’('ww-k q ch— vibrofZ d{b’ the bicd :

A 230(. 0937
=dm T - 18.0 62 v [x
W m 7.05 80

|

B
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Give : o} bird (m) = 2
: 4\8(3!1‘1‘ o ranch ( gtk of canti Beam-)

= - 2
density v == 700 g /0
‘(ouna's‘ omeh = E= (0 GPu

L
a.x..&al,tﬁc.e . c.*'yﬁ.u i gt en by

_ 4 T2Er €1
Pens = Y "';T

S S ‘oA ofs awch oA , The
onea of irerfia (1) 4# 9iv nly
1= — (2>

\$o 5° .
When ot -cak gfi@;ai*f:) e—f/""kﬁ

.QPQ, \\Q)\(\ \g(\
0(\\\0@ S _ c2 (3)
F(_ha'. =m j\@b‘?\o‘?@@i@@ @?l ) - ‘9 N
O %4&0%@
S SRS E 1 e obtain
Ev“‘t“ﬂ Eo&\oj‘é:‘;);@ Q\;b ( ?
& .gé @Q 2
H.(&%ﬁfﬁi« 2 (o %10 ) ™d )
R 64
4 3 N
= 03029 47 %10
1+ €, " lq.‘z _ G
= _.——-—'—'_—__-__’ -
3028 x 10
N -

Mini mum diameter of thke bronch 1o over'd
lou.c.l:(-‘vg undern  the wei3h+ of the bird
(r\egx.l.ot‘.nﬂ the LUE{&H' tke Bro.m-aL) i S
d= 1:595 ¢ .
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(b) Nedihel Yuquency of, vibration of the gystem
i bending (c.gh,") g
W, b =\/;’£
where ™= 2 &g (r\eyetctnﬂ mais o briomeh), amd
bending Mitgrert of comhihorer beomm of M,ﬁ
3EI 3 ((0*|o7>{£ (oool's"’s)q}-

= 3 =
4 )3

=

= 1U-9137 N/m

Thus (5 | = ’11'.1‘3.1 = 2.4y07 Rad/z
n, 2

o o &
{b&e S ~\o°$

SO '
Syt Ay st
Mqﬂﬁnj W {k}&g&%@é@@ ‘on dt)’ ke ystem

O o @
. . ‘ 2 (\Q\"\ Qz
n axieh wmotion 6@@?\@ '@\ EZQQ.

" (2)

= 0:99950 x |o‘ N/m

= 706-753) rod/g
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m= 2 9> = 500 l\l/ ) =01 M, 7}:0:: 5 //5
Wy = \Jom = S0 = 5.8 rad /
J)('sr(a.acmeht of maits (give E:y Eg- (z.zt));

x(t)= A (W t-¢)
LYLDJ‘IL

' L
[ °+(—692,..) ] = [ont +(| .p:m) °

= 0.3 |7 m

- [ %o
P = Tam ((49“"‘0

= tom ' (3'1623): é"

AL

\
+
§L
~~
u \n
o
=
*
°
N4

R
NN
Sl PSP b
NS
M b tHe &irs%" e
€ \n «@° L ¢ &
P S &SR
OO O
. QJO &\Q&\Q‘ (I'bl've)
N\
botk %o oed 2, @&@ ¢

x(t) = o- ’33\"&@ e t@*

. «4\%‘0‘@’"“ 21 t__\-QG‘fs) N//S
x(t)= - ,,(?%\gg. sin (15

s 2
.-(t) = — 8 ‘$9‘2'51 ot (l5'.g||z+-t -1 éqt;) m/

DCUtOJ'. &9“: | t‘ﬂ-d/s, x, = 0:605 m , o 1 'n"/s
Res[ochse c§ uncla..m[:ed s‘gﬁ:ew:
x(t)= 2, cos Bt + ®o  gin Wt

o &,
= 0+05 coS 1ot +(-‘_) cin 101
(o
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v x(t) = 0.05 cos et + o-1 sin (0E m (e-D
%(t)= —0'5 sin 10t & 58 (0t m™/s E-2)
“(t)= —5 cos 10t - 10 sin 1ot m/s? (&:3)

'Pl.o{:'l:ing of Egs. (E.1) to (E.3):

% Ex2_52.m

for i = 1: 1001
£ei) (i-1)*5/1000;
x(1) 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(1l0*t(i));

end
plot(t, x);
hold on; .
plot(t, dx, '--');
plot(t, ddx, ':'); _ S
xlabel(’'t’); . §@$§k§£¥
ylabel(’x(t), dx(t), ddx(t)’): &§i§%§98§
title(’Solid line: x(t) Dashed lio*o-\.é% 6ti&@b']:):::'ci:sed line: ddx(t}’);
e AR
& @5\\&\62\@? {,QO
@§§&€;§§iﬁ&
N Q
Solid line: x(t) § :geﬁe ‘%fqee(?) Dotted fine: ddx(t)

SN '

15 T

x(t), dx(t), ddx(t)
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@ w"‘:M =W = 40 ra.cl/s
x

o= 0@
Xo= %o +
\ “n /
e. Xo _ 4.4 or ""o =0l W,z 4 m/s
Wa

2.73 Dates: Dzo0.5625", G= -5 xi® pst, g= o0-282 lb/in?
: ;"-'— 193 H 3 'k'.'-'- ‘26-4- u/fp

4 3
k= spring rate = 4G > at (us %0

3 N 3 = '26'4
e § (o-5625°) N
4 3
ar d 26.4 (8) (0:5625") —¢
— = = 23.268¢ x10 E-l
N .5 xtoG ( )
| ’kﬁ o &S é;o\
f= 3 - iffo‘;j@
Where W = ("J_i ) PN ;oof?.\@«;&f@-%z 5)@ 282) N dZ
%’@\‘f\\fo\o\é‘q
- ESE S SR
= 0+39139% 1 «@{z‘%ié{;b
Hence f= L \Q’\b@%\%&f@%‘§)6.4)
z _.\aﬁ} = &5\“.\\\4,\ = 193
e FFE93 N d
© 2R @S
,(0(\6\2' 000 6\’04\&\
’bé}‘\@g\o
ov N elz = 6&6@\ 2'92'5 (E'Z)
Eas‘- (E.\) and (e.z) jj:'e|a(
N = o“l _ 0-(74925
3.2686 x (6 ° - 42
or 46 = 0571764 % 5°
-1
or d = 0.911037 %16 = 0:0911037 inc
0174925
Henmee N = Tz = 20:075£ 4
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Datw: P=0:5625", .-.-q,“o‘ psi, fp=o01 LB/n'n3

F=193 H , k=264 /i

* = Sprfnj rate = iG__.__. = 34 (q xme)
ngN —— 26‘
€ (0562 *)N !

Yy
or 47 _ 26-4¢ )(0-56255)
— =
4x|o6

L [k3

2 V"w
where = 1_'_\'___ n 2
re (4 )ﬂDNf"’Z;.'@sgzg)(o')NA
0138792 N d7

Hence £= 1 \/ze.q(as\g"”—w

= 9397266 x15° (E-1)

§= }re@uencd

0138792 N 42, 5 '7°
or dZ = 932 90 SEEE
Nd?=o0-4 Q'«%@}Q"} o (E-2)
\@ \é,
(e D) and (E- 2) Yy 6%1‘ é\;«\(\g
O‘ 4 \)(:\\ @ogg\)b@(\c}\}b(\(\?\%q S 3 2 SO
= &J\sé‘w‘\oqé%&lgp
9:397266 xded f N d?
o df = 4.638BFEN 0
NN 0006\’04\‘0
T O [_.
oy & = o012 85881 inc
S\
- ©+493230
Hence N = = 29.584728

0(2.

By nejlech‘nj the effect € f
of self weight of the

beam, and US.‘nj a svnjle cﬂejree of fFEEJOm mocfe[,
the natural ;Fre?/uency

NONNNNN

¥ INE

a} the Sjs‘\':ern can be
expressed as p
@S

f— —
-—

n m
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1
W ere m=z= mass of the machine, and

= stiffnesy of the cantilever heam
3EI

QB
w here )(-_: 13;15{—[., 5

E = YOuhj}S n—n:acah.n.[l.ul nd I =

area moment of inertia of the hbeam section.
ASsSumi - 6

MmNy E=3 xi0 psi For steel ond 105 x16€
l’g“ '_FO'{" a.luminum, we La_ve

(S = 2000 2

m L3

(= L 3

Ra tio o} na,{:ura,l

& O‘%@)&:&
2 OO £
x@7 & ST @
(w")ﬂ:eel S

"‘)a.[umn'num )
Q\AQ%@&@& o.52 e |

Thus the na_'}:ura.j ;@& «ﬁenc
of its voalue .5;% @@*Q\Q

q,z\« Winum s used nstead of steel.

s reduced to 59-!612

o‘\é&b
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from Which t= el semesy o) VibradZon car be

(S = zgy rod /g
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S
* nsle

o ttx w= BB (4rnp41‘ah)

O oo k3

= 500'&3 /53,’1..30 GJ‘-’J-:F: — X
QOZS)

éﬂ}wy‘j (731"-’-’ NeN-N< =

500 (9/81) = —3 (o

QroZ"’:’)a
we fiod & Al @Jﬂhwr&v@n G W=

3
3 soo (981 (er025 ) -6
x % = - 76! 6'{1 X lo
A [oeo° kY
\(‘Qo(\@z
NS
’b ,b(; ®$6
a-r _ZQQ\Q’\(\ gQ’&\ f}
IERLTAL T, = YRS
%\’b\(\ ﬂ(\
FGee? +
e Lirrasuized WMW %, abouwt the
" N 2
(L ) Q)‘ o *\0«@\ o‘\l‘:’ @0& 2
/ﬂ" < ™ ‘o@ao\q}(’éo. U
* v . "
aLe [“*0&@@@&1?%39@% ('xH_ ) A given gl
&Q@ %Qfo* \{\\
SRR PN
! (\b‘&oo oxoﬁ\
— A F & @e}l\é&e&%\« 3000 2
& L=y @.azs = Rt

[ 5. 625"“’

>) (18- 04 29) @ s
= @Flo (l -c"f_-6 = 324642 x to N/M
|S-625 xie
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CC> Natuneal WMLZJ cfk Vi bvaZiom for 0

L

j (3 Yey?2 XIO) = 9c. /3 rs.o(//g

() Nehwad fugpersy of iKW
WM m\“’“ ™m = Goo'k??‘
To. this Cege, Ba AT we Ulstan poslom <
Fiver by . 3
3 _ Goo (‘?-5’1) (0-0'25__2_ _ . KQ'OZ_Q

e T — (000
x = L8055 »0 025 —;@:c&\%ﬁs 14 m
st @\Q&bb
ooQA 0\%$
& & d
'rﬁ-tg-;- , ~ 6\\\&0(\0: , aebowt AL

& ef’é S
Q&O\bﬁo\ {bq,%\,&:\\ 0\
& bo) Q
o GL. F BNy \OA\éQ%@QQQ(‘OﬁQ? 3 o000 - Zz
= € & :
* ORISR 3 (Xt
d* S \«36(;6\ » )
@ Gpé’ﬁ CC) o zg
OIN
S\

-~ Y
2 -3773 X110 7 5
3000 ( o — — = 3.9126 % {0 /%m

|15 626 X o
Hewce o natinsd =7 dz,vr'é-mm b—w
AL &«J(aé(a_%b-—b
I s &
G_g“__ % ,(E_?tfz_axw ) ~ 35 .53¢2 M/}
“m oo

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.

h




www.konkur.in

© 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.



www.konkur.in

© 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.



www.konkur.in

]
b1 [
*F _ C?‘?-'n x10° \2
™ g 17-0502

= 102 74 7t J/g
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ollow cireular d=o

\\o @Q’
: : the po zﬁ&x lane;
Be.n.cﬂ-«-nﬁ W O’B- ooQ* A 6 é\ 2 -P )
4 = BETLyy %‘3 Q@AO‘I&QMO y(1-6878 xi10 )
* 5’ 3 :&00%@6?(\6" &
e é@biKéiQié$§$o& 0 '8 )
@ \Q} (o@(o.\rg &
Q@b%ob@@ ) é
— X O
= 76-3 s"‘\?@@ ;Qf\i@ N/ ™
¥ oo (DX
Mats o the pofbieiam

& s = T (rg - 1.2 )lf
2 S,
=M = T (o0 —o0-045 )(2) (59190 _ k
(0-0 6045 ) ( —7) © 2y4. 3690 K3
MGMO’L EWC /gl'sﬂ-:;M;.bo[ﬁf
=M = 0:75(4) (¢0:005) (3'0'0") = 12 476 K9
98
EU&LVMMW_O}@CM‘W » beam of 0m
with om end mats M ( from Bo-bka'b. Hint cover)

-

me?/_, M+0:23 m =

—

= I7-§525 Kg
Nat u ral fre&uenaj fc‘- Vibration in 9:5. plame-

122476 +0:2% (;2¢4.3690 D)
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%\’b \Q‘-’ fb&(\ & ~N
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Avy applied moment M, ok the dv Flt
by every poiat o.km-.o tke A{'a_l,re_cl At

the two )d?-)u of du 4y amk

kengths Ly amd £2) o sex:e p
Torsionak Apring constants of % | —

9given by o @ &
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Natur § uenc of hn/vy L, of 1

ent of inertia ¥, can e found oF
\/W / k'&l k{:q_ '
T (kg + ke D

wh e | omd kiy are given by Egs. (1) (2).
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() Eva-ofdh ok motion of S‘t'm,o\e Pen&wlum Jeu-y Amall
oer.u.h wmotions is Given by

G + Imars g 2o ()

4
amed hence the natural Jrng of vib rakion is

Sz [Imars _ [0.37¢ (981
" ‘{*fi ’\/ 1( — = 1.9206 vad|s

b)) Solution of EZ'(') camn be gxPregseJ , Aimilar 1o

€ (2.23)5 as
8(4) = A, sin (w t+ ¢o)

with Ao = {9: ) }\% *%{&os727) +O

= 0-08727 \"‘Qﬁt o%"

& \<‘Q®Q
\.

2>

. %\"b \Q\ K(\ 0 o
Stnce 90 = = 5@\&’?26@&%(}&4 O.MA 90 - 0.
b@\o\%‘\@e &\l 0~{~
¢, = fdé&f‘ééﬁi%_ !‘-‘i%h) tans’ (o 0f 727 * |- 3206>
o ) O, O &
<«°&«°§;‘v *Q’b{:&éé ° ©
,((\\6 "@Q N g\’(}(\ <@

ot3e) = 90° or 1:5708 rad

0(t)= 008727 Luom (1-9206 1 + 1:5708) rad

6(4)= 008727 (1-r9206) cof (1092061 + w,--ns)
0 1676 ot (1-9206t + 1'5709) red|s

Moxirum Velocily = 6 qay = 01676 rok A
€ g(t) = —o1676(119296) Ain (19206t + 1-5708)
= - 0-32(9 4in (19206t + 115708) rad /42
Maximum accelainelion = ém = 0 32 19 ra_‘[//"l.

1l
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) Epu tian of otion of s?mlele Je dula JFor
. s )

metio s S

5 ¢ Tmeen o =
Natunal Ut d& vibrelfon (g

Fmoon  _ [U6 €3 _ |27 30 /¢
ﬁ i

of E.(1) com be writhen as (siwil &

(ﬁh=

(b) Solu

Eg- (223)):
O ()= Ao £in (@nt + $5) @)
where

2 .0 2 Ji 2 J‘i-
Ao=feot(-2) } =§@-osn-r) +of
= 008727 rae&v S
%é}b&.
?5 ! (e, }sozﬁf'CWD= q0 or 5708 |
O
oybé‘\\}b‘ >
te(t)= o osvz—v*ﬁmﬁbx*msa + - 08)
6 (t) =

ooS"’k {bp\@ﬁsz) cos (1r275 t + -5708)

o@& o?,é\t@ (t 2752 t + 15702) "‘UU/"
é'* = O\ﬁ:}; v /A

€> o (t)=-o-11t (1~ 753) sin (112753 t+ '570%8)

= - 01419 sin (- 753 t

i-5708) \'“P/,sa'
6 [inax = ©O'1419 T /4%
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For free vibratien, a’d’flj Newfon's

second faw of wmotion:
‘mgé“ + rnj Sin @ =0 (E-I)
or S'rna-u a.m.ju[a.r a{fs P(a.ce.men'l's, EZ’(E")

re wees fb

300

mlé +mge =0 (e-2)
ox @ + W, & =° E-3)

wl-uere wﬂ - \J:%_j (5-4)

Selution of Eg - (E-3) is:

(-5)
© ,{\\QQ.\o.(\ &

<
6\\"’@0"\6”\ ¥ T aln'SF{a.ce ment

SRS .
ooQié*o\*@O‘\@&b e a.vnFlltU e of

¥ N b & @QQ;\@Q) €
motion s given bBY T ES S

® = {éf + (ea\%‘%i%* (-6
T Y ®
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The 8ystem of Fig.(A)

can be rawn in

egunvale:-xt form as

shown im Fig-(B) where

both pulley ha e the game

r us Vge we rotice in

ngo(B) that vibration can fake

place in only one way with one

uf!e,j moving clociewise and

the other movin
When Fu” ys rotate in

Driver

ounter clockwise.

opposite directions, 61 _ &,
92 g

The Apring force , which has the

fame vyelue on either Pulleg 8 - k‘t(6|+91_)
Wheve 4= torsional spring constant of

the system: Ef)--ﬂlz’"‘

Te+ ke (81102) =0 & J‘e,_ +1<_’:(9{+92) $9

motion i

Driven

_ (force in prings
= ( A A 3)‘2’9

@* r,Ae)____ 24 v, F

%(izs )2 = */gz N-“H/

[-].1-]
=127,

§$?Eu) gives , for

]!

ie. a,-é}mf(wg_l.)eﬁo & a-ez-r-kt("'*ﬂ)gﬁ; %&6\\51’5 454- 35 N/p.
2

6\@ \@ \(9
RN
- é% 5 \
\)5.) Qf\ 6\

Either of these €

@ = {”‘t( :T,+ 2!':.)}

\Q

(\O

——- e - . e

‘3 Q‘ %f? rota.'l:acn

\ Q@‘ ' whole (as
Here dy= ©* %" o 05 - “b‘ 5% ’6\\‘%0‘\ ' darez;tnan
’ e & i

Jp = T, (Speed ra.'l:.a) 2(—‘-@ 390&5@ -m  freguency

\ oo g\’b

\\«»“4} N

S
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mﬂ é+~m;&i~n9 =0

For small 6, ™m 86 + mM3O =0 o 1
L3, = _%_ | ]
L _ ™
= 2T _ 2T = 4.4185 tec I 8 -9 cos@
@, e, ~ [5381 L‘
05 |'m} ‘T
vngi‘l.ﬂe

x

&

1
~ ‘\n

(b) ml?8 4+ xa®sin e+ mg? n'né =0 'mlzé + (kaf'-f-'mgf) g =0

2’ L}
wn - a -4 mzﬂ
J mi*
e 2 e
@©) -mlz 8 + Kd sne — m3£ sin € =0 AN +(‘k0}- T“}E) e =
z == 3
o= [rEod
fz X 6\\(\@\
m Q*&Q’é\(\ %6® ‘\b 1S
configuration (b) has the An’sl\esg&&. o g&* freguenc:;.

Aluminum rod NN

1:1 ‘&0 é\‘)b@\c}\:_é\ :
&u:..‘ v N ¢

@\eo b=3

m = mass of a panel = (5 x 12) (3 x 12) (1) (0'283

386.4

Jo = mass moment of inertia of panel about x—axis = — (a? +b?)

1.5820
== (1% +36%) = 170.9878

) = 1.5820

Iy = polar moment of inertia of rod = 3—7;- dt = % (1)* = 0.098175 in*
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For 9iven data,
5(10) (9:8V) (&) +10 (2000) (s)* + 9(1000) 45547 L

10 (5)%

\‘ l
& =5m R® | JE:.Z'_mRZ_'_mRZ £, (R+a)8e Y A k,(R+2)O
Let a.ngula_r displa.ce_ment = 6

Ezuai‘fon of motion:

2 2
T 6+ fk,(R+au)e+kz(R+cu)e =0

/G‘.* Z’) (R+o)  _ f"** k) (R+o) (&1)

[+& m rR?

Ezua,h'or: (Ey) shows th t w, increases with the value

of @

v WOn mLL be ma ximum when a..._ R®

SRS
Net } a,cflnj on the FEncgu(u{@ \;?:it‘\gi— 5= 4-81 "ﬂ/secz' = 3-“
W= \/:_'i_"_ = i’i} _\gg&]g{;\ Q-a_J//Sec
Ta= 2“'/65“ = 2:02 S’\\\%}i&i@%\@o@
€y, uation of metion: &&chie}:::;g $é;®\s° t 4o ’e
T & = ~* o= (“1":0@22%3":} fi;w G e T
w2 At LT

mf 8 +(4tt—|°@1a-+‘kz£ )e o
Wy = {3( g+ Ko+ 1)}1/"

mi*

2 2
& = J&-&-'ml:?': T M + mb

97
2 ; Egua.‘bbn of motion:

mg,ﬂ- / zg_b
* 7.bz
2Wn _ , (22b "i aF+2b*)(23)-29b (4b)
55 ( ) { (a.+2.b>

2b 2
2-81

aF+2b

© 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.



www.konkur.in

e @
L€ = J—|
a |
w‘nl = Z? ﬁ-‘ ]
b=+0-*/ﬁ._' a."-f-?.(a'%) VZ'

b= - a-'/ﬁ gi es |'mm31'n ary value for @9,.
Q
Since W, =0 whn b=0, we hove 09‘,,/ at b= Tz

max

Let @ be measured from static equilibrium position so that gravity force need not

onsidered. 3
be C @ .{é‘gk\o(\ @Q‘

. &TQ’@%&&Q
(a) Newton’s second law of motion: QA“ e® \5 i
3¢,,8 K 2 5 _
Jo6=—3k(6 )—-—-k(9 4\(9\-5 ?IOH—I---ka 0
0\ &

<\
N «'@@cf\\} \Q &
e *\0 @\0 S ®

(b) D’Alembert's principle:

®

M(t) —Jo =0 or %‘% gﬁ%‘f (2 )(———)—J09=0

(¢) Principle of virtual woﬂg@

Virtual work done by spring force:
‘(L 34,3% 5
Ws=—3k(9—4')(1[59) k (6 =) (=~ %)

Virtual work done by inertia moment = - (Jo ¢) 50
Setting total virtual work done by all forces/moments equal to zero, we
obtain

Jgé+%kf’29=0
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Torsyonal Atiffness of
'H’le POS'L' (a)aoud'g_cz,xfs):

ber I (o)
2 e
“ y
i (79-3“:)(0-05 -0-045")
2 (1-8)

0y

a0 —

=14 .7le

Mmoss moment of mertia
o} the Aign about fthe

Z-aRig:

:.._ﬂ-(d -l'bz)

=M = 075 (o qg\““f@ 03&%@* (”

) = 11-6972 §

&“‘5 \}@
’b(\e \ﬂo <
Hence . _ 0&%6?72 (o 4o + 075 ) = 0.7043 Kg-m
Sign ’
M moment of nertio of the Fosf about fhe
2= A%y St

2 2
™ .
g—daos{: = g (JO +°!‘ )
wi R olO: 2r = o‘lo ™, a‘;=2Y‘;:2(o- q;)zo-o‘?m

and
MGAAC)’L— the Poﬂ:’ - m= Tr(rf-—r?)lf

=m = Tr(oo‘a'-— oy5 ) (2) 15_'%‘3.) - 23,27 8 K3
?r
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Hence

2 2 2
(TP“" = #28.2738 6'lo + 0:09 ):c-os.?és'?kg-m

8
Eauu'vaEnf ma4s moment of inertia of the post

(J'%) oot the Lecation of the /‘Sl‘jn:

J_% _ J|:,st _ o-o;zés'z _ 0.017552 ks_mz

( Derivation ﬁfYEn below)

Natural afre?/u.e-nc:’ of torsional vibration of the
‘tra-_{lfrc s;'jn absut the }-ax 1S

k¢ 3
“n = J J
S‘l'an + ef‘f

&
S
N e
3 @ SR
48 .7161 x10 OQ&%%\%Q :%@b
\
= @ \sv (\\g\"\w N
N
0.7043 + ¢ Oagsgé \\Q’«\Qe(\o
88 06‘2’(\(}06\ &
b‘o‘\ C%‘Q’ T’
(S

x@ S °
= 453 89 4 5Pl
a.Q& bo" Alb% %\\AO

Derivetion :
Effect of the “f‘sﬁ%ﬁé omeant of- nerfea of the
pest or Aetlt ( egg) on the nolardl fre gpuency
of vibralfon of o kot cariging end mass
moment of ‘renlio (J‘S‘.ﬁ,h)

Let 6 be fre M'-gulah -Ve(oci""j of the end
mats mement 0’17 tnentia, ( T |5h) deriing vibration.

Assume a linean varcafion o the los

M GB the %a.éi- (Fosb) Ao frted ofF o

deshomnce x b)'tm-n e txd e,.n_,! the a,ﬂ_jﬁh,,_
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velocity is given by B x

e

4
The ftotad Kinetic enhgy ofy the /5!-.5%;{' ([oosf)

s given loj ﬂ
(6 XY [ Trest) du

o N 4 L

Jd post . -

Trst (8)

This shows that the effeclive mags NI
o’b, inenlia o’B tke &/L.a..g[' (}sost>ar tte eard

(s B_Post .
3

- — i
| IpoS{: - 2z

\
N

P
NS
& O )
DAY
*&’és N &L
SR O
BN
FE S S
L o\\,oq‘%o
LSS N
NSRS
3 P’
D e X
ng\o«(\qe:&o
X8 N O
o N P N @
@7\ 27 o
O" O 2 &P A
@ @ rbc-’\@ Q)
NGO
& SRS
N .2 Q,Q
SR
9 . \‘b(ﬂe,\
QIS
N &y
F o 50 O
P 2
Y
I
S%
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Torsional Atiffness of
the post (a)aoui'j..a,x.'s):

r, —rL’
21 ( )

4 Y
T (QI-H x;oﬁ)(o-os -0-045 )

2 (1-8)

77.6399 x10° N-m

ke =

"

"

Mottt moment of inertia
of the A3ignv about fhe

Z2-aXig8:
RS
SR T
o 12 JESEONCRY
Sign (2 < 0%16‘2’0
SRS
wi H:‘- ® \ﬁs\o Coé\&ol\ ef$

mass o Troqprc & @&“em: be t g

= M :ovs(owz§£e%o5)(3:‘;f = 12.2476 K9

2
Hence I = {2 2476
Sign 12

ng momen{' O; fner{'im G; the POS'& a};og}l" tt,_e

2 - Q%1%

(o-qo -+ 0-7‘52) = a-737ﬁ# Kg —m

: 2 2
‘Tros{' = '1;_ (do + d; )

Wimro(o'-" 2¥ = 0o'lom, J;:ZY':2(0-0H5>=0'09M

<

abd
Mats of the post = m= 7 (1, - 1,7) g

2w = T (-0 — 01045 ><z>(7é'sgf> - 243690 K3
q°
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Hence . .
. o
J 2436t . (o-loz-q- 0:09 ) = 0055138 kg-m
Posf 3
Ezu;‘va(enf ma4s moment of mertia of the 'mc,gt

J'%") oot the Leocation of the Aign :

J t 0055135 2
J—% = ':s = 3 = 0.018378 kg-m

(Derivation given in tke solution cf Preblem 2.79)

Na.‘l'uro—‘- -:Frezu.ermj of f‘orS’\'ona/‘z vibration of the
traffic sign about The 3 -axis:

L
" 2 P
Clsn - J. {\\\’b\dbo . th@\b@

S‘i‘ﬁh + U@f; S SRR

%’bs\\(\ QOQ(\C}Q _E
77 63?? Xlgo & t@o 6‘06
T\ o 3T oheriaas
b Q’%é\\ﬁ
,b(\
= 320.5° Mj@x\e&d /5
S%
2-87

© 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




www.konkur.in
2.101

A ssume +re end mass m, v be o }oen‘n't" masgs. Then
the may momend Q’E inedia of ™, about th pivet
ot 1S gu‘ven bj

P -

2
T\:'ml£

R NS @@
—_ X 9 S 2 o
L, = L,ﬁ\%@g@ yn, L%, Lo, £7 4

@,IZ-F'?WZIZ)(;'—]- !g}(-{--mz;zf')ﬁ.___o

, + 3@3’"1}’(4" mg‘jﬂ)
IR

9::0

2-88

© 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.



www.konkur.in

o gk (emr3m? o - e

12 <6Tn/ + ‘2m2.>

or
s j 6 ™)+ 3 W™= g = © (5)
°t T >

6t 2™y

1
By expritiy g,.(8) ar &1 Wn 679
aA
Wcj %V(’Maﬁ%ﬁ%wﬁt W

| _ g Em |+ 3me \ (6)
6-9,.," 7

\

Em,+ 2m™m2
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d&-mo"’n’on for the o.rr\?ulﬂ-”- molEon a’B— bz
£z o oot~ thRE PIVO'I‘.‘ lﬂafn't O:
T, é'f+m2glb cos &, + rmj% Cos €y

.—on-f'z-l— F,Gb]:.o (,)

where & is the totel a.m?AJ;a.h WW o

the fma"\#ﬂ > I, 's the mass W ef{j- fn..U'lta..
of the fdeanm amd fhe mats cesvuied :
L2, L b
Ip,= Wb + 32 ™ (2)

avd the forces in The biceps mqk ‘IZIce,FJ

@ &
MJ.L)S - OJ\'\-A F i ) ~<\ Mg\& bj
2 9® \é b.
%oij OKZS')\Z @01&,@0
J NN )
Fo= — €29¢ Qﬁ%@f\@q}i\qoi‘@‘? (3)
a <\‘\& 0&"@ &2}(\ 06\ b\

Fos ¢, % = Ci 0-': 9)&9@ 6“’®i@° 4>

N

Using Egs- @) -, Eg- (1) cen be rewritten

a4
I, 6 + (mygb + £ ™gb) cos ey
2 -

| et thke Forearm u.nclerjo small am?(gfah
ervwnf ) cloouk the stals evﬁ.h‘brc'um
Posifl‘oh , 6, Se thak
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9{::54—9 (7>

Usfna Ta{j(cr[? series &Fa.nfa‘on of cos - aJaO'U-’b'

—

@ , the slatze ey.wﬂwwm }aesfft‘pn, can be
expressed o8 (for smoll velies of €):

Cos 6y = cos (8+8) ~ co3& - 8 sing (8D
Using é'{_ =6

e.xPresseal as

and é_&‘;é,Ez- & ) can LE

I, 6 + (m;9b +4 m,gb) (586~ Ain T &)

—_ 2
+Cha, (6+6)+ca, 8 =

= 0
o & $é,°\
\'DA\@("(\\. 'bi'\?be
oY N &
SR
e b (<) ((\\
4+ — m ‘ N\
I, 6 + (M29 2 ™ SN
0@?%&\ s =
. o= S y & cC, a, ©
~ Sin 6 (-mzﬁL 5% @j t 2%
D @
Qi@@& ’2’96‘@\% S o ( )
) > ,\\ﬁ 9
C, 00, 8 #LF L @ =
-+ z 2 .e“Ao Q‘OQ%Q’(O?&Q ) \&@
2 . (/]

Noh‘nj +hat Wo\iﬁtﬁah‘c ezun'(u'b rium egua.,{'n'on o ¥
the Lore v ak 64 = 8 is given l:j

(msz-f--‘im,gL)cp‘Se_-f-Cgafzé" =0 (lo)
In view of Eg. (10), Eg- (9) becomes
2 or °
@152*"}‘ bm)e + c,a,,z e

+{c,a,- sin8 gb(martmdle =0

ard

which denotes the epualiom of motion of the

forearm.
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The undam [ae.A natural Freguency of tke

Loveaxm can be e)&presseo‘ as

Cpg— Sin@ gb (ma+fm)
On = (’2)

I:. ('""z'f' J;' m;)
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ey

@) loo V 4+ 20V =0
using o salution similar 13 Eg?- (2-5‘27@#«4 (2-53))
WE gl.'ﬂd : E_e- ‘&

0o
Free Vibration response » v ()= v(). €

Time constant: - {2: = 5 Acc.

D) V()= VD + vr(ﬂ

20
WAL ’U‘L(f‘): A'e'“ ":T:Zt whana A= corftont”

NS _ -
o v!‘ (€= ) ERSA

Lo
o
)
|
S,
%/"
Q
3
0
4
N}~
"
Iy
Y
1l
ry

Free vibration response: g

X-]
(=]

o

Homogeneous solution: _.'_2'?. e_

Time constent: oo -'-gf—: 5§ Jtec
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= T—— = |o
o
O
© O &
X &S
o ,b(; th,b
NI
%&’é\(\@&@ >
S T &\*@
IS
FE S S
S 0 8@ "
L0 8 N
S Y S
N RO
N X S E ¢
80 «\Q, AR
(& 1O PR
Q‘O N P @
F ¥ F e (K
O L & &
QL7376
@\ (\b O {\\'
& 2 ,b(\e,q
L O LI
@ R S
&‘(\b\ § 0&’0%\"0
NS
A2
N 9 \@
SN
&
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Let t=o when :Far-ce is released -

Before the Jorce is released , the system (s ot rest
so that

F el 50¢e
- —_— o\ = - -
o~ x () % p
k= Booe N/m
L.zr_;m-!/

Qié%\(\\%e@() .@Q‘b L}‘
The ASToe o) G C g«::}&% o F W
ﬁ&%@o@&\zé&q&\%{\ Sooo ‘t‘
— V& ‘éb@c}&é\ > €
x (‘E) = A & 9 éoié*®$°: Ae
. S G_’O\Q} é-o@‘l\\g O\\‘Q
ROVIAR Y
o 20 S . Aac®
A't -t".‘..‘-»O) xe‘@&é&«(\ @'l
e (P P
N ‘go S
> > 'b\e%\&' o
\?0‘9\& . A= o)
s} = D A e ar -
ol ~ I
, -t
x(t) 2 o\ e » t >0 (Eg)

US\'Yj = (t = LO) = 0:0] ™ (Ez )7

e_ (5092 /, Y 1o e g(SoJoao/c) ol

- 2., - 50200 = g/n o/l = —-2.2026

Hence c= 217147 N-=5/
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2.105

"m"t} = F——D-—h—'j

1000 ¥ = 1§ o0ogo 20006 V - |0°°(?'?'>

L

1000 ¥ 4 2000 ¥V = L,a.o)ﬁO

oy 2k
- N
- SR (E 2 3
d% () = 20095 (‘ € IS
dt KRNI
OOQ S P N
o ey SEAE
- Eq . Q«Eas@@« S ¥E S
Iﬂ%‘b@—t anr %\)(\,\\‘Q; 06@ 82,&\06\006\%
oS> «*eqé\l@oo&(b t
o -
R \Q’\Q}A&&e@f(;@i@e&q 5 / —Z + C |
QO —_— T
x ()= 20:095 L555:9¢ ¢ €
& I &> -2
\e\ﬁ gé \(’Q) (\*Qe‘-\o
RS & 6"‘}0{@ -2t
:zo-a‘?'%\“%o"}f—k lo.0475 € * <y
OS&

o ¢, = — ro oy 1S

_2t
o (B) = go,aqs-t-t—lo-oq'f‘:') e - 10064785
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Let meg = effective part of mass of beam (m) at middle. Thus vibra:tory inertizf

force ) at middle is due to (M+ Mefg)- Assumz.a a deflection sh;peé

y(x,t) = Y(x) cos (wp t — ¢) where Y(x) = static deflection shape due to load a
b

middle given by:
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x F E 2 I 2 ? m
M 4
e
® ¢
X X i 1
Y(x) = Yo [37——473—] s 0<x< 5
. F &
where Y, = maximum deflection of the beam at middle = BEI
i F=LFY
Maximum strain energy of beam = maximum work done by force F = > 0+

Maximum kinetic energy due to distributed mass of beam:

2 1 (. )2
= .2 = M
=L B} ) it o)

0

¢
ma} 2 1 a2<2
= (n sz(x)dx—}--z—wnYmuM
¢
m wi B 9 x* x® x* 1 2 2
= LY |5 +16 = — 24 lalx - Yo M wp
f 0 fﬁ {\\\,ﬁog\é&\\bef
2 ~2 3 7 & \ £
=mwnY0 8 x +_1£’_‘__0o‘§:;2;§$\%i°_‘\~f02 +-1—Y3Mw,21
7|23 TP ESEsy
- N
1 17 SN
- Llvpt | XMl se e
2 35 TS oS S
ec’\e\e}ﬁ:@coé;&é@f 17
Tlﬁg%{gﬁo &3& Mg = 5z~ m = 04857 m
TP I
& . Q A
For smell a.ngu[c&?‘:(@ﬁgi&éi%%n of bar P& about P,
VA \,(\0\ 9'& Q?\' 2 2
5 (kdey @19 =¥ (08)” + 1 *2 (0 42)

214" Ky ,?;'
<kl7.> = A4
Since (kl?)e& G.J'lA ‘kg are in serces ,

2
v o (ko) *3 kK3 U+ ko ks hy

(‘kn_)eZ'f' k3 k"q|2.+ ‘kz le-f— ‘kg 132

.2

T = kinetic energy = £ m 7, U= potential energy= T *ep x?

I‘I’: x= X cos Wnat,

2 —
Tmax = —ém&ﬁ:—x ’ Uma.x"'zl"k X

© 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.



www.konkur.in

- k k3 L+ ko k3 f:_
T i \ K3 Ay 2
max — Umax Jives 0, =

m (i 47+ kA2 s 45

PPNy PPYIA

when mass m moves bj %,
sSpring k, o(e:Flec.{'S ‘:‘7 r/q.

o« \Z
T= kinetic energy :-'E m ('x)
U =

'kz: 2%

potential energy= 2{{(1%) (%)} T
= -'8- 1 xz

For +har monic motion,

= 2%
{ 9 z =
Tmax = Lo h’-x 5 Umax = el e X

' &
gives e, = ’ —

Refer to the figure of solution of

T’ma.x = U max

problem 2.24.
' o F s° z]
) T = -'z—mxz‘ s U:-,J':['?_k,('stﬁe-s)ﬂ-lkz(xmsu )
N
s F
= Ji (k,-l- :@@(§\§©®$
. 9
A . Lion «94\(\.%60;‘0@ >
For armonic motian, S P 2
i Z x’— \,ﬂ“’ \0%\»&%@.3'.: (% + ‘ks.) X
Tma.x = ZzTm Wy ’ ‘@69 *\\\\e (9‘%00

S
- \)(\ \)Q,- c}\) (\b
Tmex = Umax 9ives b@\ok%‘\eéﬁ\qﬁ%&@ K\ + K2
;0&_@2\*\ g‘o%\ &i“(@ m
QP O L2
L0 Y D
@ kinetic energy ( ﬁb‘@'}’%#\ L =

& éo«%Q%(\*Qe;\gJ a .
. V@ N i = ork done 'n
Potential ﬂﬂEfjf,gE«‘%@‘ﬁo\& _?': T x+ 1T 2* wor

d"SPla""“"ﬁ ma.ss %\Cﬁi\@e@j distance x against te total force
(tension) of T + T2.

T = % T, T = -E‘— T ;rom Soluft'on of Prob’em 2.26

L L 2
Max. K E- = 4 ) Max. P-E: = -éT(@+ b)x

27_
—-ETHCISHX

flox. K-E. = Max. P-E. gives T(e+b) _ /T4

U= P-€ = mgd (1— cos g) + 2
with cosg =~ 1-+ 6
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where x; = {R + a) 6. Using % (T + U) =0, we obtain

(%ml:‘t”)l'i+(k1 +ke) (R +2)f 6=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==— = I, 6 == — ]| x
5 mx -+ 5 Jo 3 m + " X
. N .
since § = = angular velocity of pulley. U = potential energy of the system:

1 2

1
U 5 k¥ 21{(161:)

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

i+ % 18kx 2

This gives the natural frequency: Q&%%\@& O D
© N
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Using Eos- (Eq)wr-—“{ (Eg ), The Aotad
bt - e\% the % Com Are EK/DFeSSeJM

2 2

L (m R ) 4 4+ T ¥R 6 = ¢ otk

(Eis)
DL‘WM e’l,) Eﬁ (E,;) with 3-“,3?_“;{— &
Aime gives

.é(rnr<2+y)(ze' & )+ L xR (266) =4 (&)

[‘mﬁg-f-a‘)G + «Fﬁﬁjﬁ“:o @—:,7)
&

(rnﬁ + D‘>9 -+ ééﬁw@%~ o @/9)

(s, kR E5>

U’f—u-—']' %7 @m); Eﬁ' FI&’)‘”‘"’( @!?) K come

_3_:-:-121 e + kR 6 = 0 @2")
Z
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oq) \m.a/tfmﬁ) EV‘CEM) Bl CE/g) 5 ,ﬁuul 15
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E&LG-&CNIO; motion: m¥a 4+ Cn + & xx =0 (e-1)
(ad) SL Lt'l'N""'S( Ks, N"‘J/Yﬂ) N/m 5—0\‘ m, C, k) rQSFer.'Hve,lg)
m= 2 #9, C= 800 N-A/m, K= 4000 N/m
Eg- (E-1) becomes
2 %X + €00 X + 4000 X = O (-2
(b) British engineering units{4lug, Vo -A/ i, et For

)C‘Jk
2 R 1!-3: 0.08 59 /!fu.s ”
C: JN-A/m =0.06852 u',e-/!/&‘b
(.SI'HC-e -4 u;-—s/;ﬂ: = 5:.837 N—/S'/M>

®: IN/m = o0.06352 Mgt

© oS
Ez- (E-!) becomes &\'i@&;zi:\;;@%\ )
< é\z«%&‘”@ﬁﬁ 4000 (0-069'52 x =0
2 (006852 K - go0o ao&(} K @ + )
( ) 6%\%0%&;}\‘:3@ ((EE :))
ay LX i @é\ o ‘x - c .
2% 4+ 800 % ¥ ADOSE
3 \\S\?J é\O,\\(\O\{‘fb
SO O oS
‘q. z‘y’\eq}*&éﬁ ° Jo ot 5;{-
(c) British °’Ls°.!e.‘§§;§”°;b’{?‘;\“ (,U,, f:ound ,x/bi' R ]pawm[ /

{{' QY L > QQ
.&ﬁoQ,\o %?’(o(t\ie;\& fﬁf m, C, 'k)

m: 1 %9 = 2-%}6}@%
D
c: _“\_‘_:f‘__ = 7-233 PDUﬂM-;_/_g = 2 2045 POQ“M-"/ft_
™ 3.2¢91 &t
% : 1% -~ 7-233 F"“‘“‘“*';';Jl - 2.2045S poun&d/[—f
3.28( ft

Ey: (E-2) becomes ,
1(2-2045’) ®x 4 gao(g.goqg') x 4+ 4000 (2.2045):52;
which cam be SLeen fo be fdoma ak E.(E.2).

(d) Metric engineering units («3;-4‘/,,, s Kgp=A/en 5
f‘-g;/m for m, c, 'ft)

m: LK) = 0.10197 Kgg -5 m
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c: g NoA (9 507 ) kge —% - o.t0l97 9%/

i 1 m
k: 4 'i:':'- = (?lsov)k‘ﬁ" kso /
- 1801/ - = ool?1 £/ m

1w
Eg-(E-2) becomes

2 (e-10197) %X + 800 (e:10197) = + 4000 (°'l°|?7)°2::)
which com be X£een to be same as Eg.(E-zj.
() Mebric absolute or cgs Sjsf'em (qrama oljne-l /f.m)
dyne /o For m, c amal «)

wi 1 kg = l0oe jrom4

':Z (e '4‘-) becomes @2&0‘%‘\2@6&2}3&
2 (1000) % + 90&6@9@2@“ + 4000 (1006) x =0 a9,
which CM«%?@*}%@;F"Z be JSome as Eg (l: -2) .

’b\K\QJ\s

($) us Cus{'omorb«\um{—s ( W, bg - J/.,:t > “;/E‘l’ for
m, ¢ omnd «®)

2z
m: 4 ‘Cj = 0.06852 Al“g - 006252 uf -—A/f"&
- 2-20% uf/[;g.z /5%
., N-4 . 4
=L L L A e AN &
3.281 &
- g /st
fe: 4 N;‘;, = 02248 %Jl-—&/;,zg” §t = 006851 f/f

Eg: (5'7-) becomes
2 (0-06252-) x + foo (0'04252.) ®x + 400o

(o 06252)x=o0

(-7
which cam be ccfenft:]?ceol o be Aome ak Eg (E-2).
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m:ska, c= Soo N-"/‘/n-. » k= 5000 N/m
@ Uno\a-\rﬂfe“-q natural ;f’rezuEnc_tf:
W, = \[.f_ = ’5:00 = 3|-6228 ra-«ce//S’

criticak o\avnrafnj constant: ¢ = 2 {4em

c.: 2 \15000 (5D

=316 2278 N-A/m

Powping ratio :
c 500
= = = = 51l
5% 7 36 zevs

Since it (s overolamloeJ, the system will pot have

dam ped freguency of vibration.

m= 5 #9, c= 500 N- "/ﬁm \\OW 50,000 N/rn
@ Undomped noturod g ‘\Q\Q
\&"0 &\ e‘

6‘(\\
Wp,= J%— = i%%\e’b&@oo ro-v\/,s

S X é\
Cl’l‘t‘lcal &O-MP R Q&i& %aht

rbc-’%\‘@ O

- R (\6 o{ '2 _ oN A/‘ﬂ'\
¢ = 2Jt$mo<«%%Q%® 50000 %5 ) 100
QISR
Da'm P '“‘J& f;{f’o&q&,ﬁoﬁ\ —_— - 500 =0 5
R g = P
D c 1000

SgS‘*‘em is uno\erd am}ned

Da,mPgA natural gre%uenCJ:

&94-.- G, 1-%* = o \[1-@-5)2

= 86-6025 rad /s
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M= 5 fg, ¢ = 1000 N-A/m> #= 50000 N/m

Undamped naturak frequency:

- % _ [50000
WOn = [ '\/——-5—* = 100 rad /s

Criticak dam fing constant:
C.= 2ykm = 2\/50000(';) = t100e N-"/?/m

4

Damping ratio:
~; < - looo
looe

System is cr.'-h'Ca.Uj ola.mpc.d.

d = %n \,l—‘s"' = 100 (-2 =0

&
Dam Pee‘ natuyrel {re@uenc’j J5 @ero.

O
< RN
SR
*Q\Q <& %606\‘\b @b.
S T
o F @ &
N SN
FE S S S
57 & o o <
@ 2 &6\(\ @
¥ E L
3 P’
80 «\Q, AR
(& 1O PR
Q,o\*"o N2
SRR
L F&E
~6be{b0\‘\ﬁ
\‘bQJ(\{\ O
&4\ > Q,Q
SR
@R &S e
OSSR
NISROFN
NP
X O 2
NPT
SN
N
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Damped single d.o-f- system:
Yh= (o kgn = (O 00O N/m > ‘g: o'l (ung[erdg,mrgeo‘)
= |/% _ [looco
On= Jm Ve =3116228 red [
Drslalo..c-emer\i' of meass (S given bj Eg- @_.70}):
ﬂ(t)'xgxw*cos(wd,{_c'&) E-1)

where

@ = wni-5% = 31-6228 Vi—eral = 314647 vrad /s
X = (oc W, + %o + 2 %o %o *;c.sh) /CJJ (2:73)

# = tor ('xo"f'an"‘w) 15>
x wol \
(&) Kyg= 0:2wm, 7‘}_0 ,\9"\\(\ (\&%\\o
X = f6-2)" (31 ‘2%{9@0}3\«2: 4é41 =0.2010 ™
%\\ foo

e ( 0! (03&6%%3@)& 1)) o (o 1008)
68@'3@ ts%b 4647)
3344\ 9@@ 3% 002 vad
A*ib@oo\‘}&'b Q’ -3 (€ 22% +

O &
’DQ\Q\\'O

o= (E)= o**%yf”o e

¢—-

W

cos (314647t —0-1002)
™

(3

U’) x,=.02 , %o =0
{Q—o-z)z(i’l'6228)2;2/3|,4g41 = o0-r20(0 M
_ g - o-:(?l-czze)(_a-z)> 1/ 0o
$ e ( Go2)@I-4647) = taw (0 1005%)
= 125:7391° 07 3., rad
(St'nce both numevator omd cﬂ.unmj.no.*er N Eg-
@75) ore negative, ¢ lies in third 8u.o.oh‘a.n't)
~3.-0623t

- x(t)= o-2010 € Cas(Bf'f16‘{'7‘f—-3-2Hl9)
™
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) HKo=0, Xg= O'Z‘l‘n/,f

P
X=Je? 66356 m

3. 4647

75: {'am"' f—é&) = ta-m (OO) :So° oy 5708 ro.cl
- 3.1623 ¢
- % (t) = 0.006356 € s (314647 t - us708)

™
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Damped single d-of. system:
. m= (0 49, % = 10,000 N/m, T= 6 (crH'fco.uj Ja,mpeo[)

J"‘-::{: '-:\{-[?—)T‘::’—c’—‘2 = 3{.622 8 POA/A
'D(‘SP(a-t.errw\'v{' "F mais 3t'veh ‘aj Eg. (2.8@:
'x.(‘b)'z{xo+(-;c°+(.3nx°)f}é_w

(@) *,zo02m, Xo=0
_31. 6228 L
x(#) = §o-2+ 316228 (e-2) t } ©
~31.6228 %
=(o.'1+ 6 - azqsct)
2m =,=0
L o o 4{9 Q;QO(\ éo\ _3' 67_28{'

&
o@?*}e

% O @& &
PPN 31062238 t

z :2

© 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.



www.konkur.in

S‘fngfe d-o-g-s:‘s{'em:
m-:la kg, %= (0000 N/m , T =20 (over Jampe&)
¥, = ,i‘_ = {I°°°° = 31,6228 vad /%
m {o

Displacement of mass given by Ep- (2:81):

s + \"S'Z—I ) Wt (—T—Jr’--; )6, t
e

x(t) = C, € + C?_

\Mlnere

xo Wn (¥ +VB =1 ) + *o
2 Wy |
gy p (—dsP-1) = *o

C.=
2
2 Wy \]‘§7'-I .

@) %g=0:2m, Ko =0 SIS
D @ TS &
RS &

& R
. I+ 6 228 rzy%ﬁ( 3
¢z 22 (B ERNGETY | aiss

N

SEITENS
2(31-6 zgﬁ?’lﬁ%‘gf

&S O
S
—o2 WA (2-V3)
& R & AN - '
«%iga,;[iﬁzzs)ﬁ
\é?\be
& (m2+4V3) (3l e2amt
= (t)= 0.215% e :

C, =

—2-J3)(31r6228) t
—0:0| 547 GC )¢ )

- 8. 4749t _ l1g.oté3 t
= 0.2155 €& — C.ol547 € ™

(L) xo".-' -—o:Q.h'!, ')2.0-'_—"-0

-0:2 (3|-¢g22¢ 2+14V3
C = ¢ ) ¢ ) = —0-2155

2 (31-6228) V3

02 (3l-6228) (2-73) - 0-01547
2 (31-6228) V3

C, -
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(-2+63)(31-6228) €
'x({-)z —~0-2[(55 e

(-2—-J3)(31-r6228) t
+ ©+01547 @

—8.- 41491 —18. 0163 ¢
= -0:2155 e + o0-0l547 € m

-

) K, =0, %y = 0-2."""/)3

Iz
C ° = 06.g01826

'~ 2 (31n6228) V3

- 0'2

2 2 (31r¢228) V2

~o0+001826

N
]
|

SS9 228t
- %'fﬁ%*f |- e

% ({-) = 6.00 182 [ G%OOQ*(}&@\%%@&\@.&‘

O Q@ S
& g

\C@&\Q{‘\\(@Os”_t-?qqf - ”8.0'63{7
= 0.8 }8 ob“g@e - e } m
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Torsionak stiffness 6’6 the /Qka,b)t' c‘&do.anwz.ﬂ)» d amd
meiitﬂ s given bj

4= 8T . G L (1

ﬂ 9 32

Stnce the sha$ts on the fwo sides of the disk act
as Pma.lbﬁ torsion ok Apriags ( because The
‘t‘orau.e on He Mk s sharned l’“j the twe Tvmal
Apuings ), the newlfont Apning contland i
Fiven %j Yy 4

% %, 4+ % G T d, L GT do
- £ =
4\"4(‘\\(\‘.\\0(\$
o (1.\0@@,\6@

‘@6%@0 @
= emd’ f %P&ix%f) (2>

¢ 2 4
Kiep = cifpd? E*9 . cmd (3)
7 39 q,,) g
‘f

ch'u’lﬁu( WM d&‘ﬂ\‘e_ cL‘,ﬁq‘( tn {:M\O‘ﬂaﬂ
vibroftom 43 9s‘ven by

wn_: «étz - \[WGJQ
\/ T g LT
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: AN _ = ad [sec
For pendu.f.um; S, = %? n Veccum = @5 Hz ™ r /

1= %/Trz = 931/T2 = g,9940 ™
Wy = @, W in viscous medium = 0.45 Hz.'-"- 0:9 T ""’J/sa:

z 2 2/ 1~ 08l
2 iy

63 ,

T = 0:4%59 ; Sygtem -is under o(a.rnpeol.

mf* 8 4 cy 6+ mgl B =0

Eguai-:‘an of motion:

2
¢, = 2(m) e, =2 (1) () (W) = ¢ 2080

. 2
—_ ’ — a. 39 0
3o = VY = 0.9

2 .
CL = ¥ C ¢ :;(z)(mkz)w,, = g,%g§%@)(-z*a.ssaa )('ﬂ‘)

v
3
o)
Q
o
Sco
1"
%
it
)
3
v
oS
¥

: S PR
NI
~ 2.7061 N-m-5/rad SESe
S O
3% © &Qq,\@ &£
NN
NS
(\,\\'\)5-’ & \}b O
From Eg. (2.85), 60*\5«@?;&?\\?;@&&@0
. <O Q \QO
ZEN 2 La(18) SHESSE = 2.9904
L‘H . - ¢ ° QO gs,z
! o P SYE D 4
&é‘*@\ & Q’b'&"’q (2-82 04.) 9
@%@Qo&@ X { - = 0417
&8 2
O @-8904) +4 T
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() If damping is doubled, Y hew = 0-9358
T Jhew 8358
2T T, 21 (0-6359)  _ 9.5¢5¢

"y
[ (e B - '
(za'*“ Ji- Tz, Vi- (0-8358)*

x.
—Z _ = 14265.362
xj.rq

(k) If cla.m!p.'nj is fpalved,

Y = 0-2090
21 (0:2090)  _ 4.34.%

. ('x!- > 27 Jnew
.x. = = .
s Jl- Thtw JT—- (0-2.090)2
%5
= 3.§29¢6

' X+t |
where Wy = Ji=T* W,

- T
e T in w,t

. x(®) = X
@ For maximum ©f minimum of x(t),
é-Tw"t (-—TC&H Sin 0.91‘!: + CSJ cos Cﬁgff:) =0

dx _
dt ~
As & Tt L o for finite t,
N
— 7L, sin Wyt + @, cos &éﬁ@&i@
,—-——l' R
. 1_— 2 ) '\%6 0‘\,@06
i-e. tan Wt = 3; &(}{QQ‘@@ <&
& & & SR
@t’% é\i\&@? &
US'in3 the relation \\\){\\\0@?\’&@;}0&%@‘
o7 & ¢
tan 2@%@@&*@&0‘ + (Ji- -r‘/ T) -
sin (J.gd{: = * Q&b‘-‘ S = ” 1-T
o S —;
Lty Jor (T
) & &
we obtain e 00‘%\"’:’@@
’b(\ Q§ \@ %\\'0

D
Sin det = 1—1‘3’}\&? cos 034{: = 7T

d

an

sin Wyt = - JL-T1% , cof wt= -7
Tc"n-t [Tz'w:' s;ﬂ wdt -?.Twh GBJ cCoS CGAt—c.% s5in G’Jt]

dfx
dt*
when sin 4t = J1-T* and cos Wt =7,
z _Tw,_ t
i'f;'=—xe "y J-Y < o

.. sin w’lt = Ji-—TL CGrresPonJ: to maxiimum O_F ‘K(t).
when sin gt = —Jt-T* and cos CYt= -7,
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-y w,t

qlzx - i Y
a4 - X e L, Vi-7 > O
sin Gyt = - J1- T c.orresf:aﬂcls to minimum of ==(t).
Enveloping curves: O R - jxi(tﬁ
Let the curve 1' - T~ L
v l” | ‘R—-_
posSSing H-nrouj- the o — s ";t:
mMmaximum (or mmimum) A
fofnh' be . - - (t)
~-T W, x,
Z(‘E): C' e
. =1
For maximum Poinfs, tma.a - sin C('s./i_-rz)
d
a'“"l - T By %ma.x - TG, tma..x
¢ e = X € Sin C@A ":mn.x
:.e. =
C = X Vi-% 5
L T Ot Y
aox,(8) = X Ji-7 e ERCEENS _
ol : . oQ*;&%\%@@ o‘\i@b' sin t (- Ji—T% )
Sfrn;la.rla for minimum po r\%\&:’g@@o@;\@\ «ﬁn = x
OGO d
a-\'d 0(\’\\?) 05"@6@(\(}\56\,&@\
W ' + \eb@*\@i@eé“ﬁ&wn tnin
C '] n “wmn &o,\e,%b\q}i%%&ﬁe sim C-Sd tm.ﬂ
OIS
0&\‘b® & Q’q\\
re- - - hg? % &
€= TR Tt
. R 5 n
. 'xz({-) = - x\ﬂeﬁ"_y
: -wt
z(t) = [x°+ (xe-q- S, x,)t—] e on

-——— (Ei)
For X, > Q, Grofh aof EZ'(E")
is shown for different x, -
We assume x, >0 as it is the
onlj case that gives a maximum.

For maximum of =x=(t),

dr  —w,t
T e
tm = Xo

(‘ah (*a + "’h xo)
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&: - - -e-wni' fzw,, J‘CO + t..Sf,' Ky - (.,5:' (?:'-,,-f-ﬂlsnxa)t }----(Ea)
dt

€) and (&) 9ive

£x S fw }
dt"\t-_-{r,,. - z
e o Brrrm) { ouk, ¢ G0 %o} - (6

For %> 0 and X, > O d¥x < &

° ° at*

Hence +,.. 9given by Eg. (Ez) corresponcls 5 a wmaximum of =(£) -
-9, twm

% 4 Gn%e) %o : } e
II'\‘.‘-—"&‘M = {xo + ( o . W, (7‘0"{' S ‘xo)

- (x + x,) e Ei%—ﬂ;:_) ——- (e

Egua.hcn (2.92) can be exprcssecl as 4@ @;f fm(

For haly Ufi’-’ m= .5’_; and Aen:%f* fqgjo‘\@ ,f,,("“‘ )- zlm(o 15’)

5.)(\ \

SIS
\\\Ql (\Qb\%(\ —3 7342
Necessarj Aa-vnpmg rai'to T@vé‘ibc\o S
g\o \(\q \$0
P

T, 8 A&Q \Q &\5’35534-2 _
b
’ 411- + 3 7942*

\Q

I\
~
=
S

(&

+
‘L
'0»
/O
J/,O

(‘;: =27, = o 38'7"2@ H-ne overshoot can be deter mined by
%+
'Fir\cll'ﬂj g from Eg-(2:85): y
2T (003877) 3877) x,.)
3

Ji— N rerETa
E.‘(—"-c-e- - 1.32135

XL
T

= 26427 =

- z/ (32135 = 0.26G6775 X,
x.{.- o/ e

-
overshoot is 26-97754

(?} T:‘-—%— o = c-646Gl , & is given Jsj .
S= ﬁf\f _ 2T (O-GerQ ~ 5.3189 = 2 &(;‘)

J‘T:?T /- (0-6461)::
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Ko
x’y

2 e
% overshoot = 7/,

= 14.2888 , 7%

= g@r0700 Yo

-

(i) (a) Viscous damping, (b) Coulomb damping.
(iti) (a) Ta = 0.2 sec, fg = 5 Hz, ua 31.416 rad/sec.

(b) 7, = 0.2 sec, f =5 Hz, w, = 31.416 rad/sec.

. Xi Wy T4
11 a =€
@) (&)
X 27¢
In|—1| =In2=0.6931 = ——
xl+1] Vi1i-¢

or 39.9500 ¢¢ =0.4804 or ¢=0.1096
Since wy =wp, V1 — ¢, we find

wa 31416

TV1i_g  Vooss

500 2 4
k=m wn {9 81] (31 5055) 95\(\%916 @0 ) N/m
& e'b @@\

= = ‘\b &
Cc %ﬁg w‘;@" &

Hence c =2m wy § =2 ( 500, (S18] f@?iogs) = 353.1164 N—s/m

= 31.6065 ra.d/sec

81\ e,ogx\ b°
S F F &
(b) From Eq. (2.135): \Q,b@}\ o“\:@i\&l 3
2 %0975 3T6)? = 5.0304 (10*) N/m
k=mwn.§b {\gs{\ 16)* = 5.
S
,\o Qjo \Q'

Using N = W/\sé 5@&*

_o. o Y\Qﬁ“ (o 002) (5.0304 (10%)) _ 0503
4 %‘i 4 (500)

(a) = 2 m =2 \ISOooxso = 1600 N-A/m
Ce

(b)) <= /2= 500 N -5/ m |
= ot

0= e ITT = & |- (&
(€) From Ea-(z-Ss)» $ = -2—11(‘9“)= _z.'r_r__(_io_?__)

= 86603 rad/sec
Gy \2m 3.6603 \ 1x 590

=3.6276
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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),

()= Xe % sin(w, t -~ ¢@)

dflgr) =-Xgw, e sin(w, t-g)+o, X e cos(w, 1 -¢)=0 (E1)

ie.,
Xe ™' [—¢o,sin(0,t-§)+o,c08 @, t-§]=0 (E2)
Since X e ¢%' %0,

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

@, a‘fl—g a, _1/1— S E3)

tan (@, t - @) = = 3
‘ c o c o, & (O
n (O .GQ
IS, &
or OQ* & & @0‘ %
& o@(,\.oq @
LS o
PRSI
-1 ]'—g ,\\\)6@&2,(\06\ N
aly t - ¢ = tan - S \‘\@ c}\) Q(\c}\‘;b(\ (E‘!‘)
\
Q" @ 27 N
(Q) ) Q‘&beo\b@ee ,\%‘\% *OK\
& & .

In the present case, m = 293@\0 > &7 = %, = 10 s, k= 80,000 N/m arid ¢ = 20,000

) FE N
N-s/m and hence ¥ o° o> éfoﬁ\@

\* \Q, O
%
O

®
us rad/s, ¢, = 2 \Jk m = 2 /(80,000)(2000) = 25,298.22]

N-sim, ¢ =c¢le, = 0.7906, @, = @, \/1 —¢* = (6.3245) 1 - (0. 7906)* = 3.8727 rad’s,
h-¢t Ji - 079062 )
tan = [LLJ = tan ! [i——— | = tan "' (0.7745) = 0.6590 rad.

c 0.7906 J

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

(10 B 10
= tan[10) o ¢ =% 15708 rad and X = —O_ =25822 m
¢= tan [0 (=)= rac an 38727
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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 = tmex 85 Iy = 0.5758s.

(a) Using the value of tmax , EQ. (2.70) gives the maximum displacement of the car after
eﬁgaging the springs and damper as

X)) = Xy = 2.5822 7 OO CIOTY cos (3.8727%0.5758 — 1.5708)
max rat \

_ 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(£). As such, the
sufﬁcienoy'condition for the maximum of x(t) is to be verified. This implies that the second
d*x(0)

dr’

. rad
w,= 200 cycles/min = 20.944 rad/sec , W= 180 cycles/min = 18-8496 =2
2 - & ,
&= o1 kg-m w(\ W 185416 2
Y PR O 2K O ~ (225N - g.4359
Since g = Ji-¥% Wa, T F : &“@%ﬁ@o \/1 (20.94-4-
= ¥ ° ‘(\Qigé +

derivative, at t = tmex, should be negative for maximum of x(t).

R L

S & C
e@f@% ' —

N
@&%ﬁgﬁi& 3= z(o-:)(20-944)@»4359)
STt Mmefmd e
Ea.(2-72) can be L}éﬁ%@f@gﬁ&% in 8(t) Jor g, =0, &,
rad and t= ?&i(r@; \Q’%&é a.3333 sec,
o) = ¢ " \?e‘f\“fws Wyt + o sin ooyt }

e_(0.4.359)(20-944)(6-””) (0-03491) {cos 18- 8496 x 03333

+ Q4359 x 20:944 o 5.8496 x0-3333 b
18.349¢

— 0:,001665 Tad = 0.09541°

Assume that the bicycle and the bo{r fall as a rigid body b?' 5 cm at point A. Tth‘is
the mass (meq) Will be subjected to an :nitial downward displacement of 5 cm (t =

0 assumed at point A):
xo = 0.05 m, x3 =0

keq \ﬁSDOOG) (9.81) _ 24,7614 rad /sec
Wy = e = 800
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215 @b *\o&é&q’*@)

216

21
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Let ¢, = time et Which == %_,, and % =¢ gceur,
Here #,=0 and %, = initial recoil velocity. By setting

% (t) ~a, & (Ez) gives

'té.m = 7:;5 . = o -— = -Gf? (53)
3, %y + €9, %0) €3, %o n '
weth Ep. (Eg) For tm and Ny=0 (E',) gives
> » U G} '{:. a -’i
Xmax = % b € "o % e (E‘ﬂ
. wh

UStng %oy = 005 ™ amd = (0 m/3, Ep. (E;) gives

Wy = ?'co /(acmx e)= tO/(o.s % 2.708%3) = 7.3575 “ﬂ/z
When wmass 04 gun is 5oo 19 , st iffness of Apring

i = (,,9 m= (7.3575) (500)- 27,066 + 4073 N’/m

Note: Offer vadues of %, mnd m Can alts be used & Find
the S'&tgejcrsess corpe 5P£B(1°Qtﬂj te least cost

M-'W
4¢ - Fma.LLy, @
\3 rbé\. '5\\~6®
tan PE c,haSEIn- é&o\ea@i\A@\
Q' & P O
O O
4 = 5000 N/m , Cce = 0-2 2\&*&;\2 é“zoo N =%/ m
&
= 2 b‘i\/'soao m
N) 0 b <\
0\\ (] aﬁ 'D

™ :0-6 og\\
Cu?rb& i%?i & = \soo °o/z so rad / sec

b o
Logarithmic dem‘@ Qé & = 27T = 2.0
7 x"’ s® Jf— 5+

ien Y= T = °"§3o$% 5 amd o= 03033 (0:2) = Go-66 N-¢/m

Assuming X, =0 cmj =y = m/s;

0 =
~ _yw.t .
x(‘&) - e 7—0 g" |_Tz wﬂt
e, J1-T1*
For M ax , w.,t = 'W/g and  sin J(— T* Ot > 1
. ’ T,
S =z g 3033 (V2 - (L) = 001303 m
e < 50 Ji1-0-3033
: For an overdamped system, 58'(2-30 gives
. i g A (A PR - +
x(*)= e T (et e, €7) | (&)
USl'nj the relations ej_-x _ cosh x * sink x €2)
Eg- (E,) can be rewritten as
-7, t t L i (E
é (Cy cosh eyt + C sink ayt) D

x (t) =
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:Df}'f’erenfia.ffnj (Eg)
. -TW.t
x(t) = ¢ s K

-Jw, t
~- 70, e

O—na C‘f: C,— Cz'

QBJ St‘n;‘x Clgaf + C"' QJJ COSA 5-’41‘-' J

[[Cs cosh eyt + cy sinh et ] (Ey)

Initial conditions A (F=0)= %y and z(t=0) = %, with CES>
and (E4) give

C3 = Ko , C4 = (?Co + TWn xO)/asd
Thus (E3) becomes

(es)

—y W, t
. -T Wt
+ ‘Z: e sinh 62('& (Eg)
(i) when x, =0, Eg- (E¢) gives
- Tt
x(t)= =z, € 7 (Cosﬁ. 6, t +§eo%‘%x\:mh W 1‘:> (g9)
. _ Tt S
Since e n

;> cosh Cddt JOOQ*;\ %'&QO‘\?\@;\A simh Cddf do not

C!‘l G—hje S’(g’n (arlwa.df Fos‘-tq’@‘é\}/ ﬁ&} o TC& t

aaprraa,c.lies
3ero with increasing ¢ o%,%{-gplwg(.l. not c_ha_nje sign.
() when  z,=0. & (Esoder
T $%’b0 D
x (£) = 51c%j§%%% w5t D)
d /&\ebﬁQ S e

Here also, a_gd e \ﬂoz\éi;%\&c a~d  sinh O.Zl‘(: do ot f."ta.rage sign
(a,Lwa.Js Fos:.-/:we) a‘,\u] E—TGS nt a.dafraa.ckes zero with
increasing €, x (£) will not c/za.nje sign.

Newton’s second law of motion: %
—_——mx

' _.x,x,x
YF=mx=—kx—cx+F (1)
SM=1J f=~FR (2) /\e -
k%
where F; = friction force. F e
E,
. _ mR? 5 X f
Using Jg = 5 a.nd9=-§, Eq. (2) gives
1 ) X 1 ..
Fe- gy @R g o gms )

Substitution of Eq. (3) into (1) yields:
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%miﬁ+ci+kx=0 (4)
. _ 2k (5)
The undamped natural frequency 18! &y = Ty
' Newton’s second law of motion: (measuring X from static equilibrium position of
@ cylinder)
EF-—-miﬁ=—kx—ci—kx+Ff (1)
TM=J, 8 =—FR (2)

. 1 2 A _X_ .
where Fy = friction force. Using Jo = 3 m R® and 0 = = Eq. (2) gives

m=f%m§ (3)
Substitution of Eq. (3) into (1) gives
S m¥+ex+2kx=0 (4)
2 &

Consider a small angular displacement of the bar & about its static equilibrium
position. Newton's second law gives:

s [ bl

.. c f 1]
i 64+ =ke26=0
1.e., \IQ B + 16 -+ 2 k
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where Jp = ‘4778— m 2. The undamped natural frequency of torsional vibration is

e
- 3k _A [38k
wn 4JD Tm

given by:

Let 6x = virtual displacement given to cylinder. Virtual work done by various
forces:

Iertia forces: 5 Wi = — (Jo B) (66) — (m %) & = = (3o 9) (%') —(m%) &

Spring force: W = — (k x) &x
Damping force: (Wg = — (ex) &x
By setting the sum of virtual works equal to zero, we obtain:

—E- X| _m¥—kx—cx=0 or §-m5E+c:':+kx=0
R |R 2
Let & = virtual displlacement given to cyllinder from its static equillibrium

position. Virtualll works done by various forces:

.s ... 4\6 (‘\\(\q. Q &‘0\ & ve
Inertia forces: oW = — (Jo 0) 86 — (m X) g@\\?%%f%&ﬁ) (E—) —(m ¥) &

. S \o_?@ N S
Spring force: Wy = — (k x)é\ ; ‘i};@i@é‘é —2kx&x
ARSI
Damping force: dWq = — (c x) &x \)&%i%@éé\\\zg@z@‘\o
By setting the sum of virtual wog&s«@&g& c%gé\ero, we find

J ..\00 Q} Q;(o. ‘(\e .
iy L 2kx —cx=0 (1)
\%";R;@QQ@(‘ \Q'o}\
© L & X ]
Using Jp = % m R?, Eﬁ&i\l.c}’; : Fe rewritten as
%\o‘é&b&
Emiﬁ+ci+2kx=0 (2)

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 0) 80

Spring forces:

36, ,3¢ 6.6 o |3
aw,=—(keT)(Tae)—(3kaI)(Zaa)_ {41;529}59

. €\, ¢
Damping force: Wq = — (¢ ¢ 1—) (-4— 69)
By setting the sum of virtual works equal to zero, we get the equation of motion
= Jo'9+cﬁ—f9+ikfﬂ §=0
16 4
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B See solution of Problem2.93. When wooden prism is given a displacement x,

. . . —0
tion of motion becomes: m X + restoring force . o

2458 :11111;; m — mass of prism = 40 kg and restoring force = wexght of ﬂu1d.dlspla.ced
— po g abx=p (9-81) (0.4) (0.6) x = 2.3544 pg x Where pg 13 the density of the

fluid. Thus the equation of motion becomes:
40 ¥ + 2.3544 pg x =0

2.3544 py
Natural frequency = Wy = m

2w
Since 7, = —— = 0.5,we find

[ — ]
2.3544P0
2 _
w‘=o_.r;'=4w_v 20

Hence po = 2682.8816 kg/m’.

' Let ¥ — displacement of mass and P = tfension in rope on the left of mass.
Baguations of motion: ) ' .

EM:JQ 5=P1‘2—~c(9§'1)r1 N (2)
H . \Q. Q < .

Using Eq. (1) in (2), we obtain &\i&:‘;\ 'Z§©®$
0 - —(mX+kx)rg —c Qo@iz@%%i@i&@ 3)

2 D@ &
H ' 3 P A RN
With x = 6 r, Eq. (3) can be written asg%@é@e\f\;oq Q&Q. ; ,
2 e ‘-\@ 5.:@.' (l'\\, ) _ 4
(To + mr3) 6.4;*%%9@2@%,;% 6=0 (4)
. 3 AFONFCJF RS
For given data, Eq. (4) becomes Wo S

& o L S5,
5 + 10 (025 $HEEL O+ k (0.26)" § =0
~$o ko Qfo Q «‘\\' :
© R S e
1 — 5
or ?,Zgi}ﬁ; ggﬁ c 6+0.0625k0=0 (5)
Since amplitude is reduced b}'\@@ﬁ%m 10 eyecles,
| _fl_.._.—_—_}:ﬂ,=5=elofwafd
X11 2
F o ln 5 =1.6004 =10, 1y (6)
X1 .

Since the natural frequemcy (assumed to be undamped torsional vibration

frequency) is 5 Hz, w, = 2 7 (5) = 81,416 rad/sec. Also
1 2w Zmw
Td = -f— = =

_ 02
@ 4 g Vieg Vi-g

Y

Eq. (6) gives
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.
62.832 ¢

>——'r—-‘hﬂwvwf-—rf 16094 = 10 ¢ (31.416) [ ]___
Vi) Ve
‘ ‘ e, Vi1—g = 52882 2 ¢ =30.0406 ¢

1.600
7 fe, ¢=0.02561 "
tc(né) Thus we obiain:
';E:l v/ 0.0825 k 4
="\ g — 31416 or k = 8.8827 (10°) N/m
SR T Cog Ceq 0.01 ¢
: = 0.02561 = = =
g Cuw 2, @, 2 (5.625) (31416])

or ¢=905.1342 N-s/m

-3
Torgue = 2 x 10 N -m
a—""sle = SO = 90 divisions ;
For a torsional system , Eg: (z.84) gives

e T W, 7Y (&)
w©
(b) For ome cycle , T = 2 sec anal\i@@%j \v%wes
\Q \
L EETM" o 2@52&6;%@% (1¢) = 1-3863 E2)
; 5 27T %@ \(\ o\: Q‘:‘\&Qe
ince - _\l___————__ﬁn\:‘#\ Se
i TA 0_9: __\\ g&,(#z'c}\} (00&
SO S g 2 _
z @) g’\%@(’?*ﬁ%@ﬂ + (-38¢3 = (1-7915
03'11 = 2 PR b@’é\\‘@o &
< Stet L (Es)
~e. W, =&®Q.@Q§‘§@z§ rad / sec
I lfed torgue
@) Since a.ngu.la.r o*%b?pfcu:.e.men{: of rotor under app g

= 50 = 0.8727 rad,

-3 /
k{: = torz,"‘e/a.hjula.r dlSPla-ce.me.n‘t 2x1e /0-3'72'7

(e

= 5.2917 x&? N-m/rad )

(&) Mass moment of lneréna- of rotor is e )
T = Kt _ 2.29(7 %10 /;4 2915 = |+9436 x 10 5
(- F

C”w (Ee)

e - I%n _ 13363
Egs- (Ez) omd (E3) giv b O 3. 4339
Eg - (E¢) gives Cg= 5-3887 «x 64 N-m-£/rad.

=0-4037
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) wm=10 kg
C =250 N-5/m

= 1000 N/m k= 1000 N/m

W, = \/—‘ ’lo,:o' @, = % . %

= 10 Y'GLC!/S =10 T'G-J/S' = (o r‘a-st/s
c <

3= _e_.——- - — =
2 m Wp 5 2m Wn s Zrm Wn
_.__..’..g_?_ _ﬂ_: = _;%i‘z.__.: 1.25
2 (1) (10) 2 (16) (10) 2 (1e) (i0)

(..94.—_ Wa I - “'5'z C"’,; = {0 \‘1._ l-ooz 0{ = not a.afapfl'ca-ue

(aver-dam,oeaf)

2
= '°‘i'_ 0.15

= 6.¢1438 rad /s

.g,__.___.._____.____--_-_______

™
3

=

~

P
P
L-E--.
.
7 %f
!

n
1
o
-
vl
H
o

1
NN |
(un der - Ja.mped) 00@::@%\%&%@6 X
(@) Underdamped Sg&%@ \b\e‘\Pespcmse: Eg- (2:70)
AN
6 \(\ N 1
X = {x} + % W @3%% ¥\2 172 (1)
© Q&oé’o 9\@\4‘6‘ )
&\Z@% éd;‘ieé\\

Using 1, = o. f;«vo'ﬁ?&%«fﬁ%, T= 075, W,= 1o, W =6 6 (438,
ks \@\\

1 %\é"e
Ez.(E-I) gives %z: 162832 m™m .

(.—- X°+‘5wnx°>
C:SA %,

=t (_ o + 015 () (0r1D \ _ _ 6. 47908

€-c1438 (o = - 1150935 rad
EZ.(z,’?o) gives: .

—7:5 -
7(t) = (62832 ¢ c_os@.g{qgg {:-{-‘.505’35)“‘1

() Critically damped system: Response: Eg. (2:80)
2 = g 4+ (%, + Gn XD b GO t
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AW = T (50) (9:682458) (02" ) = 60-83682 Joules

b)) o= JE = 1o rad/s

\5-._-_ c _ |50 75
- = 0
2m @n 2 (10) (10D

2
= w“\,(— ‘3‘2 = |o ‘/t—o-'l's = 6:.614378 ra.o(/s

(A
Fory X = 0.2 m, Eg.(E-I) gives

Aw= T (150) (c.¢14y378) (020 ) = 124.678385 Joules
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Ecv.so.tcm of motion;
3
06 % + 500 % + loooe x + 400 X =0

@y Stalic e‘zjwﬂ.la)uwm faosf":t'or\ is given Lj w= s
ho theX , For the nonlinear Xkrt‘nj >
3

(0000 Xo + 400 %o = mg = (00 (9-81) =981
The vaelue of %, oY given Bj tke roet of

400 'x: 4+ looeco %5 — 981 = 0

ano'i“s from MATLAB::

Koz 00981 ™ other rag%‘sb@o\o o490+ 5 ooo"4>

) odbo \%@\&
NN SN Y
| 4052l c :9@54& SRS B bk W=
F T F S &
. - < —
M @,‘:&U“uum-\) Q)\(\Q@ﬂ C% zo__ 0:099 ’ ™
3\ \, G}OQ(\O \{.(b

Con be found g Bels:

2
- 120a %, + (0000

2
= (200 (0:09%81) + ja o000

= joofl-54838 N/m

o

Lrneaarn‘-z.e;( E’..?).,LDJ‘EO‘T‘.O/B motion:

(0o % + 500 = * tootli-5483 © =0

€Y Nefinod gugpemcy oy vibraffom for amall
dig a—aanwvvt‘ 1
GJ' (S = (590,,.5-4{33)2: {o0r0088 fo-cei/,g

oo
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@) Static ezufla'l:n'um pasftfoh s given bcj x= %,

such that

3
-~ 400 %, + 10000 Xy = MY = (00 (92-81) = 2¢!

or
-Hoo 'xf-l-!oc;oo x, —981 =0 (D

RoetTs of Ep- (1) ane: (Erom MATLAB)

n, = 00981 ; otkey roofs: 49502 - 5,.043873

(k) Using e gmollesh rac:Hve reot of Eg- (1)
o4 ‘HTE f%+a-/l-lc. Q-&u.:'i Ertum Pog‘$goﬂ) d— 0!0?9! ™,

the L\ma:ué/ep\ &’f)unﬁ WM abouk %,

O\ O .é?f
can be found ot }oLtew%@b\o < »

(\

3
F(2)= —teo = + m@@ﬁﬁa

» \ a
K = 2 [gaa ’}{ -(— tcod
R-‘:M&-h 4 %&Q\ b%ﬁg‘?\i@é" )

& «04\ & $ &
RS (\*
S

=955 (7 N/w

‘(\'b

Lineorized e@b.aﬂm of motion:
0o % + 506 % +9988.4517 = =0 (2>

e> Naturad Q'Z“'ﬂ?j"b""‘j ol vibration far gl
W?LW :

3994 517N\2
Wy = (q "y ) = 9.9942 red/4
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Egua_l: ‘on of motion

I,6 +C,6 + k6 =o0

= oo N-m/rad.
For critical cia-mpt‘ng_, E&. (2- foS) gives

C =

with J,= 25 Kg-m’ and #¢

Ce = 2\/'3:: ke = 2 \)25 (te0)

|00 N-m-s/m_g‘

I

& &
Q&Oo_’(béo‘\@o\
'6Q,b60“\\.4l
N S S
¥ ® > LS
S S o P <@

& O P Q-

9 .. &

QRS

PSR

’b‘\‘\@\o

& P S

RN
o“\b
N
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@) 2% +8 % + (6% = o

m=2, C=8, k=16
(oY= O, 9';(0) =

¢ 2\J4<m =2 \16(2) = 1-3(37

Simce Cc < C_, Sgs{'em IS uhderala.mpeo‘.

)
]

C
T= — = _8 -
- O |
c. 11.3137 707
Wn= \'_'E. =‘/-f-§- = 2.828Y rad/,g
T 2
A= WOpYl—-% = 2:8284 \Jl— 07071 = 20 A
Eg- (2.72) gives the Saluhon i@
G\(\tb\\beu
-7 C‘S'ni_ «9 %) é$b?< + T WaXo
x(t)= @ . c_as&%f%el cin 9,4
s& e‘ w9 d
% s\i\@’b&q(?@(\o J

-o-707! (2 83")3\ i}\‘ﬁ’b& Y t

=€ @\0%\0({‘&& {O—[-—?—- Sin 2 }
\0\0 O\Q}l& {\\%$’\®

( - 2t \{;\%?be’b: tbo\'{\@no
== — N
- 2 e \e“iQs:}o%*Q@\‘\

LR &\E

> N @ L
by 35 + lzx\-g"}@\‘fx =0
S\
m=3, C=-l2, k=9

x(@)=0, %x(e)

Ce=2Vkm = 2\/3C"3) 0-39273

€ince C > C_, sgsr‘:ern i's overolo..mf:eo(.
(2

- £ _ e .
i €. lo-3922 1547

as,,:fjs_ = /9 = |-7320
™ 3

Solution is given EJ EZ' (2.81):
C, = %o Wn (x+{32-1) + %,
2 WnfT2—1
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1

- = 0o+5

2 (1-7320) /(i 1547%~1 )
C:zz -—'Bf-owh(g_v.;z_i>_9'ca

= — — = —0:5
= s =
2Wq \J?g—i
Solution (s:
C"“S’-{-\"E’z—l )wnt
x ()= C €
(-3 V¥ ) .t
+ Cz e
—1 -3t
= o0o:5€e -—-o0-5¢€
sSince 2__1
(_ 3—.“/-;2..;‘): - 11547 £ 1;1547
0
- © \(‘q;\\o(\$®
- eo G A 3
= — | 154\3:&.&34?:. 571
IS PO @
= - \e}%&2@$§o-5774

2C
T =%, '{@iﬁfé‘f&@m ) = 8/(2'\/:972—)‘) =1

S\jsl:e.'rh \'S\?@éié?%fcalﬂj a[a,rnPea!

W= ‘_'I:_ﬂ_ :@ = 2 r‘a.i//s
Solution s given by Eg. (2:80):

- —wnt
% (€)= (%o + (%o + wn*dt} @

i

fo+(1+o)t}e&tt

—2t
t e

i
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(_a,)?.;é-*rg& + 1§ x

x@)=1, () =0

= oFwm = 2 = 11 3E7

Since € < C¢, A'?rvan 8 ;M_MQ_M-—O‘"A

T:_E-_': @ et wn‘\]’gzgsz-?“"f

C-QA: r.--g" W, = 2.0

golukion is given by E%.(z-"l 2) -

N
& 2. & waq
\'b&,bé(\.or!)\\ @
(§000‘®5$\6
A AR S
— o0 7671 (Z 9e84) t OOQE&%O\%@()‘&Q\;
- PIE T &
— e 6%\' \Q\Q)@ q() (\O
SeteiTon [(28284) () g0 o }
b°i«§iqé@ Xl 2
2 @c}e Q}* & 9\@4@ N
. o O 2 (N
= e A 2\{2\&?;@&:\6@2%0 2t
) e\‘AO&QOQ\‘oQ’% &QQ‘\\®
& (\6\6"&000 6‘0&"&
o . T g _ _
(L) 3 % +f22—¥0\1§\® .—o) m:'%-’c:ll,/k._?
’){(D)-_-._ ', :x(a) = 0
.= 2ikm = 29(3) = 102923
Smee ¢ 5 ¢

c (o 3923
Ln = f_ = -i— - |.73%2¢0
m 3
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c @y Wn (5 + \¥5-1 ) t (1-7320) (141547 +0.5773)
2 W, (g%~ ) 2(1-7320) (0:57773D

|

= {5
—

w00 (5-%1)
2W0n "52'“'1
- |(t-7320)(l~f5‘17"'°'573>

2 (1-7320) (0-5773D

t
(—3'-!-\]‘5 ) ) et (-35- \]‘s ] ) @n

- ~0:5

\\

Solution is:

x(t)=15¢€ - o0-5 €
—0.5774 (1-732)t sz (732D
= |'5 € '—°'q5 i@@
& SO
— t — ? t . 65\\\'04:'@%%65\; \6@
=188 -058 S
XS N
] \Q; (;QQG&QQ.@Q Q}((\

e 9-”-+8°c+8x-®0\q%%2c:8, = 8

\)(\\\)&"be' (\ . _
SO 9\\‘\\“@ x(ed= |, o%(0) =09

S 0‘1@*5

®) N
C, = o\« %Qb 9‘}6“9«\ &\&\:

< §
«\‘o& '\04 Qfo @ aﬂﬁj da,l'ﬂ E.A
S\nce C= Qf(\b;ooé-’, %m 'S Cfl'kic P
. c_ _ 8 %S \&f&e\‘o
— c - ——

- £ = .9_-::.2,
Wa= VK >

Solutron is given by Eg- (2.80):
*® (€)= {x°+ (% + W, X))t } e

Wnt

2-139

© 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




www.konkur.in

215

2 4

© 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.



www.konkur.in

\'?—:—;—r: \/l-iSL(72.:. J‘

= .5 72773
}'+m = (-732
‘g-J?T—T 0-577Y
c = () Bn (1-732) -~ | 9 [
""' p— -
2 Wn (0:5773) 2
¢, = w _ A+
2 Wn (0:5773) 2
S‘O{H')LLOT\ ‘2"-\-'2"'- Ly» & - (2 81@,5\0 j\%@@

c = 2fkm =2 (@) = F
c
= oo "
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Selifzom & 3’“““ "";} EZ' (z.?a);

. — &
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(e

Freguency fn air = 120 cycles/min = 122 (21) - 4T "M!//S
60

F\“e.au.ancj N :(l'zufd = oo c,gc,fes/m;h: l_%f_. (P.T\")

-]
= 3.3333 v rad/4
Assuming damping To be negligible in air, we have

Sz 4T = JE o Y = G (0D
= 1579. 41 N/m
I dawping refio in }u'zu;o\ is T, amd asfuming
umnden darmping ; we hons

or l-'g‘z = (3'333@;9.9

i

= 0:69494

B X
F LS ¥

"3&2’\00 g
. >,
é\é\%&o 55 2
9

(e}
—1
w(
i1
N
\
(o]
(1)
[(4)
% %
-

]
\ 0
0
i
3
Q
%
R
,,

6y o.5528= S

or c = 0:5628 (SOTF) = 138:93 4! N--"/m
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(@ x +2x+qx=0

m=1,C=z 2, k= 9; c. = 2\|'km :2—\]9(')=
AS ¢ < Ce, sys'l’em is uno\ercla-mreﬂl'

\ﬁ—:?z 0.3428; 63&.‘: LSnJI—‘gz-:Z-SZQ’-f

Solution is given by Ep. (2:70):

'x("f)::' }(' 50'3333(3)'& m(o,ngﬂx‘af—-yﬁ)

a—

1]

, ~—t

A e s (2.8284 #@?ﬁj
whene ¥ omd ?5 a\.elae (,o"g‘;%j#?@ initred Qg-n_r;Q.LQIaM a3
Given by Eps- (2 73)@?5\2\ S5 nespectively,

o‘\o“ & & -t
Since ke re%fbén;f {Cﬁ' So{u"'lOﬁ) Vo2l as & s

we Camn a-aor"g ;g{%w&dj ot the time constant (T)

P

ahs TF‘! neja}b“lﬁxegﬁ\/erSe o} the ex}oonen'}‘a} F"J"j:
Hence ftre ‘hme éons{"a-h{" s T=1.

C = 2ykm =2 J9() = 6 5 8=

TE oo TS T IS ke
GE_T:JT-B???Q'T_I\ = o. %5819
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~x— k%1 = - 2252
-7 + v TP = — 0.ys1ly
o\ uTGon is Fiven L; €, - (2.81):

t
x(t) = — o ysiy (3t —z.2152 (3D

~ |.354y2 T —¢.cys 6t
= C, © + ¢, €

Since the respense 'S 3iveh bj the Sum of two

&Ponen'l:d,ﬂj &ﬁ% qunc’rnaq: Two time

)
Cornk llgﬁ" fE YN ®§
carm fre attrecafid G E the Two Pa;-uﬁ
Q*‘\ «%\(\'\%60 o"\é &
o4 S PO &
| \’Z‘}@ 6\&°§&(‘®(\\‘$® QQ}
& N

f = = a0.73 ‘@9;;\\@'2\0 O - o,[g o5

! 1*3512 ‘\0(»\‘@?’02@6' \(\c}o \{_ré\b €64 §6

NSRRI
€ : SO I, c= 6, k=9
C PE -~ m= - il
) x —f" 6 x —‘- '\“"&b&fbg\@i\\* 2 2 3
o 0&@4\ 0 Q’é.\ &
© ~9Q N 'b(\ <
— k. TS
W= | — & Qe@j_ - 3
m SN g
& c
C.c - 2 e - 2J T CC

The st'l'Ern (s C_rc"l't'c.:z.g_ay ala.um»’a-v_sl- The S’o((,utﬂrﬂ 18
given l"j Es- (2:80)1
» () {xo_;.(a&—f—c& 'x,_.){:}e

-3t
-fxo-% (,+3 %)t } e

Since the Aolufion decrneos’is Wo-ug , the

(m-..u/soi’a'& tﬂW(f‘)mbe aﬂﬂw te
find T:"Lg‘:o-'3333.
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@) Peuod of vibaeon - o

Ls,, = kt

n
d T
v - =L - T eT Y
pom | o] ‘;ﬂ — C;Sn 6-
N g
2 Kt
2
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Gt'ven: m= 2 g, c= 3 N-8/m> k= 40 N/rn

Naturad freguency= (9, = [K - (ff - 4.4721 L}v\,

c;: cr.-‘-l-c‘ca-l o{awja—fnﬁ = 2 Jkm = 2\/40 x*¥2

= (78895 N—£/m

1

5 = d&mpc‘njr‘o.h'o: .%.-; 3 o- €77
17- 8885

"r:”-e of heslacms'e in gree \rn]o\"&.{'loh' AMTJ—J

oSci LLa—{'lor\S

For cr.‘f.‘tnﬂ O\G-'m[’c'wj, we mneed to add
14.8285 N-A/vwe to the exisiing vedue o

c= 3 N=4/m. S W

oo‘
& @
@ RGSFOHSE of fhe S'y stem 3% Qé\@@:ooi&& et

2(Et)= o005 e*i 9\0.6{2{3@0?0-5 t e
xo‘ \e&
This can Ioe .o\&dﬁ gé a C,orresf:ono( 1' cr.hca.ubr
4\ ‘b

Aampea\ 55 shé &*Q

\°-' 0 &
From the exp qﬁb;\‘ QhaJ. tosumt, we find
@, = 1o rod/s
From Egs. (2.79), we find c,= 005 = %o
omd C, = 9::'0 + W Xo of 105 = = 4 1O (0'0‘5)

P Xz 0r05MmM, == l0-S—o0:5=tom/g

Damping constant )i (3=1)

c=C,= 2mw, = 2m (10) = 20,mass.
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@) £ . = -4 5!
A 2
Gty+5)(A+4-5) = @+y) - (52)

r 5
= 4*r 98416 25 = 8 +8A8+ 41 =09

Cha.ra,cfer:‘s’rfc Ezua:h‘onf:

ON A L.= b= 5
2
G g5 (Smge5D = -4 =GO

= /52-1—!6—8/3—-}-2'5%-0\ /52-—3/5-{-4'1:0

— R
(C) 5],1 - — 4) ___S OOQ(}O@'O\%$O&\\,§.®

Undawm ?eal natural gre%uen cies

) wm=1, c= 8, k= &I
Oﬁh‘:\‘% =\ﬁ:7= 6. -4yo3|

BY) m=1, g2, k= 4!

cC = —
= I = . )
(Sn= ’%;, ,i’r € yo3

Cc,) m=, C-‘:"QJ k= 20

W, = |4% = (70 = 4472)
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Ca‘) m=1|, ¢c=¢, k=16

Damping ratios

m A+ c S+ kK =0©

Damped freguencres
C&d{:‘. ﬁj'a}n ;6' ? < |

@) ) = :0'62‘(5&.-@-4030 = 55,0004

(> Wy : Not O-FFL:C@He
(c) Cd“: Not a,FfvECc_aJ:le

@y Wy =0
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>
"
o e
4\6<§\~§°°$
o (J.‘b.6®
SN
ﬁl&’é\(\@%@@b
S P
eF e L
RPN
SR O N,
N2 OO
S ¢ O .S
AN 6‘06‘%
S Y S
S O
N S ¢
NIRRT
xQ s\o%\(\og N
Q‘O\ﬁ & N @
F ¥ F e (K
O L & &
QL7376
@ Q(\b 0{\\'
F® LS
L O LI
@ R S
&‘(\b\oo 0&’0%\\‘0
NS
X D 9
& P&
SO
S%
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16

3
O
O o W
rb*@ é\\(\ O ®$
*(’\‘\ & ‘th@\b
4;96\(\ S
o &K (}égo\e)@o ¥
5 & N
x@7 & T @
CAGENCNES arnel
- @6 Qo (,\\\ \(\q @
N\ °%°b® c}\}b (\b
Q‘\ «\‘S\%\&\ O{{_fb R - .
xQ <§ %\ NN
o’@oo\e}* o '\‘%{A\\K\e
Q\ b@ rba-’ \‘6\ ()
° G QL0
F® LS
IR
~e‘$ & ) N
o S B P
AV D & 6\ A\
’b(t(\@\& ,&QJ %\\'O
AN s
S\
A
/
‘u
/ F
Eb /
. N ~ VA 1>
< = < -y ve
/
B -dr %
abe § \
Y/
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The stahility of the system in the parameter
space cam be indicofid oy showm n Fig- b.

L When a <0 amd b>0 (fourth guadrant), the
cuUrve (%)Z_L _— ,Se,apm,a.i‘ig tke f/*a.iha.mi'
inte two regiens. Tn the 'f'0|= Pcmi' ( above the
parabola ), the roots 4, amd 4, will be complex
canjugate with positive real pant. Hence the
motion will be dt‘versn‘nj escillations,

In the bottom part (below the parobola curve),
both s, amA s, will be real witt ot oot ome

pesitive root. Hence thke mk@@ﬁ diverges

65‘ \.
er-u out osc! (lation. ooQ*&:@%@id‘\i&b’

o When a>o0 amd b;}?@i fiﬁ@sl- th Fu'j.L)'.

\? &?’Q

"T'he curve 31\{@% @{‘Eﬁ) —b =0 (Pa_,ra., bol&)
se perates the b%u.s@fs@\-amf inte two regions . In

\ q\

the f‘o[o reﬁgﬁ& (\'ﬁ, >k) A, amd Ag will be

\Ql\('_-—-
\.é”

real amd neja;hve Hernce the motion oleca.y/s
without ascillations (a..laer:‘oaln‘c decay):

In the regn‘c?n ‘_Z_z <b, A omal 5, will be
Com la‘ex conjugates with negative real Pa_n;t-
Hence the response is OSC:l(aJ’t—og ourd deaa.?,g
as time increases.

Alons the boundary curve (%’j— b =o), the
voots 4, amd 8, will be dentical with s,= 4,= 5.
Hence the motion decays with time t.
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o When =0 omd b>o0, the roots £, amd Sy will
be pure imaginary complex conjuga.ﬂg. Hence the
wmotion S oSchla-'tcfj ('f-ua.rmom‘c) amd sgtable.
When b<a (second amd third zua..dra.nf:s))

4, amd A, will be positive omd hence The response
diverges with ne oscillations ; +hus the mo+ion

IS Un stable.

2
@—— (2)'> b

N
| Respeonse

N \

O e c«\“ﬁ}org dewﬂ)

NN \
N

\\\sf»&l\ ?c:> :)\ rb

Un\sf{*a)o \\\

\ O-\f\ S“l'ﬂ.«HQ \0\\ ~Q®

@ N e\‘% .

é?
(DI \Ae rﬁe \O\Q & 4
B \\ w@kﬁ«"@@ é‘°‘

b hb\o $c .*ﬁ&t}hon S)

N
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Cka.ra.cfe ristie e,zu ation :

2A%°i cs5+ 18 = o (D
Reots of Eﬁ‘('):

£ = -Ci\flcz-—mq (2>

I,2
4

At c=0, the roofs one given by Az = + 34,
These roots ore Lhoem oz dots n F"ﬁ- G s Bf,

ncreasing the velua G'E— C, the roots cam fre .:Fu-w.,.,_af
ax Ahoum in the :rro“aun Tg‘é\g&o@&

e'b \°@

«9 <‘
C S \éJ\ d\
9
A 2 & \@(,\\QC ‘\Qa e‘ A i
N2 PO
O + 3 : {\{\Qiepob@&\z&(\q \(\ ,
O -
\Qb s\o& \(\Q o‘\‘r &0
& \e}* ef’g. @$ <%
2 - 0:5 4¢ aos%&’\*& —0:5 - 2.9¢ <
&\ Q\bQJ ‘b(\ (b{\ q\\
4 Q‘QOQ‘ \%Q%@Q \6\ i
@ .
"wosfo&éﬁ'?" - lr0o—- 2:-83 ¢
P N 50 °
s \.‘Q 9’0

-2:6 £2.244 -2.0- 22424

— 2715 . ) )
2 tRe —2:75 —1-204

-3.0 - 3.0
Y ~3:5+1:90= -1:70 | _3.5_|.§0 = _5.20
20 —5:0+ Lro= - .0 - 5.0 - Y0 = — 90

loo - 250 +2Y4 82=—_0+18| —-28.0 ~24-82=—-95.82

looo | _ 250 4+250 ~ 0 - 250 -250 £ - 5059

Root Ahocus is shown in Fig. o.
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S
AR 2

Problem. 2166 Root 108s plot with variation of damping constant (o).

Ft'j . (a)
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Characteristic ezu.a..'l't'on :

2 (1>
2A 412 A8+ K=

Reots of Eg-(1D:

_cz:tJILrH—81< (2)
4

Ay =

oY

1

A

1,2 -3

- L& 3>

Since & cannot be neaa-‘tt'v’e, we vary &« fr‘om o

te co. When =192, both 5, and 2, are

real omd ef)—'-‘-}'ﬁ’ -3, In tke Y"a.hje o< Kk <18,
both £, amd A5 will be pa%ﬁ caative.
(o} 2 W reaep’i ;‘\é&b n 3

k\o"\(\ge'
RN . .
When x= o0, A = o Mgcg\,o\‘i 9%@_ ¢. The variation
F S S
57 & & o
of voots with mcre@z}s{@\\oi@‘j:ﬂ g Shown
N\
U 2”1 <P & \{‘\QO s .
in the -fo”aUUmj @.&T%% olie tn F‘jn, @ .
ARSI \4.
“\\b%(\{\q\\
— d@@e—e%eﬁ; <
K L » 6‘0&@@ A2
‘0\&ng®®9\\'
@ o - 60
10 —1|.06 -~ 50
IS —a'o —3'0
20 —_3 4+ 4 -3 -4
40 -3 +3.324 —3 —3'324
100 -3 4+ 640 ¢ —3 — 640«
o000 -3 4+ 22164 -3 - 22:16 «
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Im
A
= 100
/ k= 20
514
64 — b
k=18
1
k=0 51 i l _
k= 10 )\ k=10
/ k=0
»Z 52 / e
—_——0—0— o3> — el ®++7) _
", 4==5 fﬂs A==l %
2 H
59 S Si§,
S - |
2 I
k=
-F- Ny
Sy 1@\0
6@\*&0
0 S
& vb(\&t%
: e“p <¢ OQ@Q? (\*Qq;
SIS . :
Problem 2. 1 6 7 Root loGeSglot with variation of spring constant (£).
[N

S\

Fig. ()
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Chavacteristic egu ation:

m A +i1248 4+ 4 =0 ¢

Roots of Eg-(1):

. iz Jl4n—16m
£, = J ()

2m

Since neaa.‘hve o.m.aq gero Vaiu-e/s s’g, m ore nof‘
possible, we Vel m (n the ravnge

Iim-::ao-

The roots given by Eg- @Y e sbowm i the

f—o“OWf\nﬂ TQJD\E Ou'r\.A Ojaf'o ‘atfasb F.g QU ,

o O &K
x’\\\{b&e@a\‘{ﬁo&\b@
SIS e e
m A I OOQ\ @“"\Q\QQO"\ .-\@Q’b_/i 2
»@»”\«'W
P EH S 8
1 0:345 Q&Qi&z&\ e’
— . 2 \),\’00— "‘égg
@c@,\\o«ﬁ\q@;\&\}
\@0 \Q}A Q)(o%. %$ \‘g\e’
4 - 038 L P F S - 2.62
‘& X
o{l‘\ A\bg‘_o‘b(\ (b{\o\'@q\\
~e‘$ Q"o & (\*Qe;\o
8 -—;@’85@36\0§\‘° - |- apo
NP
@@"’be%
C — e 69 -0 61
10 -0:6 4+ 024 —0'6 — 02 4
20 -—0:3 4+ 0:33 ¢ —0:3 —0+233 ¢
' " . 1 L]
00 | —0'06+0-194 — 006 — 0+19 <
500 | —ci012 40:68%L| — 01012~ 0:089 ¢
{000 - 0006+ 0'0631¢ — 0r006 — 0063 {
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Migration of s; as
m increases

o
Y

Froblem 2.168

Root locus plot with variation of mass (m).

Fn'j (@)
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m= 20 kg, k= 4000 N/m

o, = ‘-f? = ;i%‘;i = i4-1421 rad [sec

Amplitudes of successive cycles : So, 45, 40, 35 mm
ﬁmplrl:uo[es of successive cycles diminish by Smm=s5x0

System has Coulomb da,rnpms.

-3
iLN_ _ 5*'0.3 > M= {(S)Ho )(4-000)}=5 N

* =Aa..mf:m'.3 Fforce
Fre@uenf‘vj of Ja.mpao! v.bra;&non = 14-142) ra.ol/se.:

m= 20 "C?.; 4= 10000 N/m , .-4-—!:‘—‘:{ - 5_04?_,.9-2 mm = 'Z'5K|53 m

p= (s x10”?) (10 000) 0- 1593

4(20x9-31)
zw

Time ela.psecl = 4 Ch= 4 = . = 897‘-(9 Q*\$¥ 1.124 sec

m= 10 k3 , 4= 3000 N/m , \@Q-\,\l\c’g":@@if%: X = 400 wm

44N 4 (0-12) (0 x 9-81) O &
—— = « & Q? = 15.7
*® 3000 é’%:@ %é\i b m

As G(i’_@) = 942 mn@, Q@ﬁgé’\ %?_omes to rest ot (00—94..2)-_-5.9 mm

xo (\Q‘Q{‘ﬁ_

mg=25N , = 6@‘%&%@ (L:*:}n > da-'mpl'nj force = constant
Mass released ngﬂgs" %;%é‘qto em and x,= 0.
static 0‘€:F[e‘3f0?ﬁ“gf@g:rmg due to self weight of mess =
= 0-025 'rn\‘
ak t=opo: X=9g.1m , x =0
X, =01

25
ilogo
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N
N 4
'xl - xa -2 /:"'1:' » zz_ Ky — };
N B gUN
L@ Ao = _ﬁ—-g N = o-|
- . N Xo _ (oM (1cc0)
Ma..grtf”:u.de. of da.-mlnnj force = /-l = = 3
= 125 N

4 = (0,000 N/'m R /uN= SO0N, xX,= o-05 m

m= 20 k? 5
@..) Number of half cycles elapsed before mass comes to

W b
rest (r) is given y (50 3

r = %o 4: } 0:05 = \[5550 -~ 4.5
2 }*: (Iaaoo

r=5
) T:me elapseaf before mass C.omes‘ to rest

= sec
= z-rr‘] = 2T waoo& c;(o\é&\ﬁlo

Time taken = (2:5 cycles) g\%\.eo@gozs sec
() Finel extension of S'gggérgi@@g&r 5 halpg- cgc.[es :
® .
nxs,__ao'j'-s(z \6‘2}\@6#'05“5(2*‘3000")-'0

NS
L‘L“U\'ﬂ PaSLtlon-— fa]

(dtsr la..cement f'ronc-,\e g@— 2 ﬁsu;

& &
d° 7,81
But static de;CLég&@ g» _% 20x T8l _ 5. 0962 m
@Q\§ {0 ooco
¢ Final exfe.n@:gn\e @ Sprimng = .9620 cm.

‘ @) Ezuatcﬁ o"&motch&fuf o.n\?ub-ﬁ aic;ﬂa.ﬂd‘n& dé FEnduLum:
a;e-t-mg\lmeim}ta-‘!-we:o
For Amall a.m?ZDI 8 + —1——(6:1: {.a.d) o
This shows that the M-.?& of Awing W by (-r)

each

(b) For wmotion Jfrom right '(z, left : )
9({7)- Ai ws O, t + Az,kmw,,t.f }';j-

where 5 - [mgl

S d
o, amd 6(t=0)=0- Then Ag= 6,- Lo\ A=

L&'E 9('& =O) =
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d
- - ﬁJ -
8(t) = (9 )cos ot +
For wmotion from Ief{: to right :

d
e(t) = &cwq¢+A4mwt-q2

At o t=T, g= _—g,+ _z_f_;_ > 8 =0 from previous solution.

3ud
As= 8 - - ’A4'°

06t) = (o, - 24y s oyt — KT

d
0, - n 417 )< t.l_
where n denotes the number of u’c!:;l

2x(t)= X snwt (under sinusoidal force Fo sin Cﬁ't)
Da..mfu’nj force = /uN ’

Total ah‘;ré._cmmi per cycle = 4 X

©) The wotion ceases when (

Energy d-’ssipa.tec! per cyele = Aw = 4./-(N X (Eg)
Ir C = egu:va.ien't viscous damping constant, energy
CZS’S'(‘FaJ.'EJ per egpcle is given b#é\c%osfoz 98) :

*«9 N 1\5$\b (E
AW = T cezw X och}éeo\q’@O&\\.@@ Z)
\Q’ ‘\&0 (’\\QQ;\%\\QQ}-
Ezua_tmj (E)) and (Ea> o ©

6 00 . '
B 4 B \0 \L4-/AN G
Cez_ _[l__@_a.o ii@q\\\e___?_ )

@eboﬁ

@ Due to viscous ciﬁg%geh%g
§= [ ( "}}o 2T T

xm$ S

Percenf decrease in aunplc"(:ude per cycle at X,

X = X met X gt 27T
= - c— - - e
100 ( X 100(1 X oo (I )

Due to Coulomb da-mp:'ng

3

5. - ercenf decrease in a.rnpl itude per cycle at X
Xm = Xenei 4 ZIN
= |00 X = |00

When both types of damping are present.

]
w

3"-".51')(“.," 20 mm =2 37-'—3'7-\-
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he —2TY 400 [ MN

0o (' ) 0.02 k

-27F T 400 )‘ N - 3

'oo(‘—' )+ o.ol( %

The selution af these 881’..10-1‘:1'0?15 gives
-6
-2 T N L.
50(1-8 T):a-'s amd /‘T*OSXW ™
iCoulomb damping.
27T 27 ' . .
(a) Natural frequency = wp =——=-—7- = 8.2832 rad/sec. Reduction in
o
amplitude in each cycle:
_4uN _ m _4ug _, 9.81
=—¢ THHEY T # | 6.28322
0.5
= (.99 =0.005 m
0-9940 1 = 50
Kinetic coefficient of friction = p¢ = 0. Q@‘S@% «© \&@
@
(b) Number of half-cycles executed (r) 535 a o‘ 5 o&\@@
(XO _ U N (xu _— ; ’}5\;\\02\00_,;\%(\0
k K\ %\)@&(@0 &
T = < & N &
2Ny FRE
& & %ﬁo\ D

2 (0.00503) fs 81)
6.2832*

> 39.5032

> 40
Thus the block stops oscillating after 20 cycles.
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3|®

—

. = /__..‘a:s"” = 44.721359 rad/s
2T Iv
Wa T 2 0. 140497 A

44.721359
Teme toren 1o com]ah?{:e (o r.y,c.les = 10 Th
= 40497 s
4 s
. \ = x(t)
aa) e= 30 N 4 x
c N = mg ces @ . K T\\__‘ 0
N Py .___L\:_‘_-_
mg
l'hggl'ne

Case {: Wl"le“ n = + and x = + or
Lo 4\ o$®
m®r =— 2% —'/JN'f'\'l‘l'?S'lnkg\\(\e?@@@\b (E't)
ayr 'rn')c-{—?.‘kx: -H'm% $-{a\\ mgfl‘ﬂ@
e@s

M\J (\%&%@Q\e (\Q @OT W= - G.N'I.A ';C R

or mx 4 tkag&s?q,%&@g cose + Mg sin @ (E-z)
Eas (E-1 ) a.rn.p‘/\? i‘i?@c.a.h be written as & S\nj[e

O

e&um‘how ak - @

% + pMmg cose /Sjn(?t)-f— 2 4¢x+ ™9 Sn €=

(E?)
(b) =0l m, x,,.-. 5 m/s-

\li:; ""\}1-0—2.; = 7.071068 ra.af/s

Solution of Ez. (E-1): rimy cos 6
'X('t)= A| cos wn": -+ AQ_ Sin wﬂt —_ %
+ kan e (E-4)
Selukion of E@' (E-2):
$in 8
1 ()= A3 os Wt + Ay Sin Wnt 4 "”"Z(“"e mj 3n

%
(€. 5)
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Using the imitial conditions in each halg cgele, Ehe
constants A, and A, or Aj and Ay are b be found .
For example, in the 4first halg cyele, the motion
S.Ea.r'és from 1653{: toward r‘.‘3H: with xozo.[a.na(
%X,= 5. These values can be wuged in Eg. (e 4)

fmd A, and A,.

Friction force = uN= 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):

_#N
s T | 01-—0004 5 "
=| 2uN 0.008
k Prys &

Thus after 6 cycles, the mass stops at a dlsta@:g&?i@% \o 6 (0.016) = 0.004 m from

the unstressed position of the spring. g \o"q()\ @0‘ @&@
ﬁ\) R BN Q}
vy & R

2

k SE)oC S
Wy = p— T 22.1472 rad /sec
2837 sec
QJ b(b \\ &
Thus total time of wbratlg;t §Q®96ig & 1.7022 sec.

«“\oox Ol

Energy dissipated (2 gﬁeé‘f. Full load cycle is given by the area
v enL'oSec‘ by the ’Aygtereg.s !aoP
The area can be found l:‘cj cou.nl:sn.g the sguares enclosed bj

the hysteresis loop' In Fig. 27117 , the number of spuares is

< 33. Since each sguare = "QT%cTXE" = 0.1 N-m A6 the
ener dissipated in a cycle

gy dissip cyele i .

AW = 33 x 0l = 3+-3 N-wm =7r‘k13x

Since the maximum deflection = X = 4:3 mm, and the

slope of the force-deflection curve is

- |8co N S
k= —"'—r:;" = 163€e4 x o N/m,

the hys‘l:eresfs c‘a_mPu‘nj constant /:3 is given Lj

2-166

© 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.



www.konkur.in

AW 3.3
— — . 3 2
P AR < xz ™ ('-GBGQ‘- Xlos)(g-oo43)2 ° 47

§= TR = logarithmic decrement = (0-3%72) = 1.0908

Eguivalent Viscous damping ratio = Fea = B4 = o-1736.

X5 _ 2+ TR = 1.1 , B = oc03032
x:'q-:. 2-71‘{3
Ceg = Jmx = o-03032 Jixz = 0-04288 N-%/m
2 .
Aw = T «f X2 = T(2) (0-03032) (f555) = 19:05%15 ° N-m

Loga-rithmic decrement = § = f,, Xy )7_,_ TR

2 183 ) Xj-pj_
. For n c Ctes. _ 4 Ko -
’ S=5b(g) =P
n
N
2 30\ = oogtes¥ = T8
0o 20 P SO
S
g = 0-00 1291 nQiAe\d\%i\éégb
& OO &
SRS NN
8 = L f/h Xo Qé% & \\?’Qq?é\o
oo SIS
- o) N4 & @o {{_@
S bﬁs\o& %\(\1 o(l~®$0
N & P
l 2 s &O\g‘ %&Q ,;_,"o@ @ O\\
= o - & 2:5 = 5.
o b3 &&@%w@%ﬁ 0:0091629
~e\$o Ql\o @@(o N
NN g@q’
g=m b O
< S
N )
(]
s.0091629) (@0
= BR ( ) = 0:583327 N/

T v

2 6
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@) Ezua.,h'on of molion:
§+ 2 sino =0 )
Linearization of Sin © about am o.h}oif'mh# velue
S, ustmj Ta-jlorff series expansion (and rei'a,x'm’nj

on‘j u.Jﬂl'o e Linear Térm):

Sn @ = Sin 85 + CoS 8, - (e—e5) +-- (23
By o‘Effm‘na % = g- @, Ao et 6 =86 + 8, wi R
6‘-?-% arad 'é:'é, we can e&‘ores‘s EE'O)M

‘o g . o &
rev + < (Sm 0, + ¢, Cﬂ:éb*@,b@(\&? = o 3)
ﬂ "\\é\‘@ Zee‘ \\é >

S
SR 0

where % , Sin @ omde LHCG, are constants. E&'@)

X

com -

G = WS n=o,t W, L2T,... “)

:Eg:-f%-cosee% =0 (s>
The chonaclnesde eaua.a‘l'ton co \"l"eﬁrianoll'nj 1 Ep - &>
('S

51—{- ._3'_-0,0369 -0 (¢)

£
The roots of Ep. (6D are

’5=1J" 3‘;‘62 €A
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°©, A= tiﬁ
[l (8

Both the values °Z A one fma.,/ln.a.héc .+ Hence the
ysStem is neufra..ll:’ stakle.

For Oe= T, L= + _?_'_ (9)
2

Here one volue of 4 <& positive o The oTher

Vadue o'(g A s nesaﬁw ( both one an-)- Hence
the system is unstakble.

ALTERNATIVE APPROACH:

The FofEnha.f. energy of the enJulu\—n is given 197
V (e m3g *‘1‘9 \‘%f\z (10)
= &
) - ° — Cog*«\egs@eo \@b
Q ko\$0

where V, is o consta.n‘g& 4?:}&‘9 gfy—uﬁub’uuﬁn sholis
= @ , of Eg- (to)bo ‘ﬁjﬁ/en b:j the /Sf_a.trnl.?"ﬁ_ vedue

< \o,@‘%o\zéo@%z\\%o\
% v (9) ’ és{iij\b@z@igo;&@
I g
de T WS
\\b
Roots of Eg. atd give the Qy.u‘,(.t‘én'um states as
ez nT =0, %+ \, 12, .- @25
second derivative of Vie) Is
p X
N - T cos & Q13D
de” [i
e 2
t m
o./r\.A
Th m s widoile

5
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@) Eguation of motion:
Mass momenk of inerhia of the circular disk about
point O is  T+mL= Jy. (1)
Mass moment of inertia of the rod about point O

T L Y = g )

For small a.r-ﬁuia.)‘-

J:‘sp(a—cements (e) of He
rigid bar sheut tee ppivot
point O, ke free body

C,La_;r»a-m iS Shown n Fg. a od

The &v-kﬁtd\“ 0’6— Yho‘l'ian 51064\9 ;&Q

\
&
oS, <9 &\Q’
e o.n-\gulah motion of’ 35{ O
N 69 \%(\
& ‘\P >

{fb
second law of ﬁ@@{jﬁgﬁes:

'r‘:'jn‘al bo.r using

&®

oL Do
o{l‘\ A\bzto'b ’b{\ \Qé\

— v NP RN

T+ T, 0 «Sena i

r SN og sin
(b\.(\e}éb e,\'
b

3

--MjL sme.(.*“c-y. Lecte
+ k2 Lt 6 - (3D
Stnce 0 s small, SM O ¥ 58 omd oSO =I. Thus

Ej-(3) com be expressed ax
Q}i—Ja)é'—-'fﬁ_j_e_mzLe-ecLi-;. «L* =0 “4)
E9- %) con be written os

3,6 +C 6+ ko=o (s)

where
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Jo = J—r + Jc! (5>
Cp=cl’ )
k%=..*"31..m31_+4<a.2 (3)
2
() The characteristic eaua.-hbn Lor the Wai
egpalion (5) is given by
J’o Az + Ct A+ ‘k,t - 0 (q)

Whese roots ore given bj

2
£ .=~ (-4 Tty

(o)

2 J,
Tt can be shown (see Seci‘q%é‘ééu 1) thaX the

e'b S

system will be stable .)C A‘g\éw k4 are positive:

\e; \s \o@&\ e
In E5- (1), Cy>o g :’33@&0 while ®; >0
only When 4 |2 6& < 6«\9&
J \?\*02%1
moment ol.u.e§ %f@w&x.nj ferce a‘B, e /‘rpf““-‘j
IS Lﬁ-"‘-?’“‘ Wo“@»‘e moment due to the jra.vi'l'{y

x"’ N
force) - o

+ MgL (i-e, when the
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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];
[t, x] = ode23('dfuncl’, tspan, x0);
plot(t, =x(:, 1));
xlabel('t’);
ylabel ('x(t)’);
%'dfuncl.m
function £
u= 0.5;
k 100;
m 5;
£ zeros(2,1);
£(1) x(2);

= dfuncl(t, x)

1]

£(2) = -u * 9.81 * sign(x(2)) - k * x(1) / m;

%% Ex2_188.m

wn = 10;
2.188) 4.0 - o
x0 = 10;
for i = 1:101
t(i) = 2%(i-1)/100; '
x1(i) = (x0 + ( dx0 + wn*x0)*t (i) ) *exp (-wn*t{i));

end
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x0 = 50;
for i = 1:101
t(i) = 2*(i-1)/100;
x2(i) = (x0 + ( d&x0 + wn*x0)*t (i) )*exp(-wn*t(i));
end
x0 = 100;
for i = 1:101
t(i) = 2*(i-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(1i) = (x0 + ( dx0 + wn*x0)*t (i) )*exp(-wn*t(i));
end .
dx0 = 50;
for i = 1:101
t(i) = 2*(i-1)/100;
x5(1i) = (x0 + ( dx0 + wn*x0)*t (i) )*exp(-wn*t(i));

end
dx0 = 100;
for 1 = 1:101 S
E(1) = 2*(i-1)/100; $© SO Y
. B R s o .
x6(i) = (x0 + ( dx0 + wn*xO)*t(%gggégggﬁzyn*t(l));
.2 *
end OOQ*(}O@' O\% @0‘6\\,@@
subplot (231) ; @ﬁ?é§@§i§i§é
plot(t,x1); 6% o*\\o\e?’ o
title('x0=10 dx0=0'); RIS
xlabel (‘t’); IO
ylabel (‘x(t)’); «§¥§§5§§i§§
. o O \3
mepoczm: | SIS
P . o ' X 7 o{‘r 04\ ‘_o‘b Q(b{? ,@Q
title(’'x0=50 dx0=0"}7 <& & & o
xlabel('t’); SR
ylabel ('x(t)’); N
subplot (233) ; °D
plot(t,x3);
title(’x0=100 dx0=0');
xlabel(‘t’);

ylabel ('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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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
45 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 B8.460003e+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
x10*

B T T ] [] ] 1

61 xdd(t) ]

4k B

ol ]

x(t)

X(t), xd(t), xdd(t)
o

‘8 |

0 01 0.6 0.7

Results of Ex2_191.m
Gk kkkhkrkhkhkh ok hhhhhkhhrhkkhkdk

>> program2

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

xd0= -1.00000000e+001
n= 50

delt= 1.00000000e-002

system is under damped

Results:
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‘Results of Ex2_192.m

kk kA I IR R KXXRTTXTT T bk kkdk kX

>> program2
Free vibration analysis _
of a single degree of freedom analysis

Data:

m=

k=

c=
x0=
xd0=
n=
delt=

4.00000000e+000
2.50000000e+003
2.00000000e+002
1.00000000e+002
-1.00000000e+001
50
1.00000000e-002

system is critically damped

Results:
x104
100 T 1 T
%0 1 °% xdd(t) 7
g Q
S D
S &F
80 H 6\\-5$\ 0 -
y&p
x(t R
7ol & os] .
60 4 1H _
50 1 -1.54 -
40 A 2 |
30F 1 -25 -
20 - 3k N
10r {1 -35 .
0 : -1000 : 4 :
s} 0.5 0 0.5 1 0 0.5 1
t t t
i time (i) x(1i) xd (1) xdd (1)
1 1.000000e-002 9.727222e+001 -4.925915e+002 -3.616556e+004
2 2.000000e-002 9.085829e+001 -7.611960e+002 -1.872663e+004
3 3.000000e-002 8.252244e+001 ~-8.868682e+002 -7.233113e+003
4 4.000000e-002 7.342874e+001 -9.196986e+002 9.196986e+001
5 5.000000e-002 6.432033e+001 -8.946112e+002 4.530357e+003
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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
kkkkkkkkkkXnmnnannnnan * ok od ok k ok Kk

>> program2

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:
100 T 0
a0 5
c}'@
&0 -
80 -E&Q Qb R
& «04\ ef’tb
& ~GQ «% (Q\
OIS
70 LA o
) e’z}%@b A
R
$§
60 B
50 4 -300 E
40 4
-400 } e
30 -
20 -
-500 E
10 .
Q . -600 L -2.5 .
0 05 1 0 0.5 1 0.5 1
t t t
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The ebua.:b.ans for the naturael freguencies of vibration were
derived in Problem 2.35.

orera,t.‘ng s’aeeal of turkine

is s
Iy = (‘24-00) %;.—T

= 251-328 ra-o'/sec
Thus we need o satisfy:

w“! _ 2l AE

V2
axial o (,e_a,)} z W, (&)

31 (%2 Y%
{W o2 ‘(1_&)3} z Wy (Ez)

w I
P litransverse

Y2
Iz , G d e
Ctrt:urnferenfla-'- Z W, ( 3)
where d*
A= X 5 w= 1000 x7-25= 3810 N,
& S A
T d” i G - 2
- _— =g . = -
<4 ° J.OOQ*« o o‘\;@ o Soo kg~ ,
and E =207 xlo N/‘&c" \ﬁ\s*‘\\oﬁﬁ 7793 x:o N/m2 (:For Stee-'—)
(\ \)5-’ 6®<\ 6\0
The wunknowns

g‘b@\M\@(b Can be a(e,f:e.rmtne.af to

.S'a}t‘r.S‘fy 'H-ue |nezu%i’s&5;%@% TED (Ea,) OJ"'\A (Eg) uSJng bt
trial and errogs &g@(%équre

’b(\ \& N \0§
¥ 4 E}Q’%
I
S%
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t
From solution of ProHem 2.38 , the
reZ"‘{"emer‘tS can be stated af:

o _ 12 ET ‘
n’r.‘vot ends ~ Xg ( %7‘ . ’"%1) z G, (E,)

. 4
Where E = 3ox|o5psi amd I=612_'[d+— (cl—zt) ]

s [ 4%ET '
n\ ) - ) (Ez)
fixed ends 23 (‘;_)_' + m z) Z A

with
Meff

m = mais O‘E each column = {—[clz“ (i’z't)z] x—;‘i >

=(0-2357 M), Mgy, = (02714 ™),

F= 0°-2%3 u/x'mg, }: 3864 Lh/Secz:

g = W o‘g, column = 96 t'n-) N

W = Wweight of £loor _.Qfgﬁ ﬁ

Q)
%6

o‘eo\
\’A_\IJ = wetsk"' O:F calumns’ = %\f @i@(d Z't) ] [f} CEB>

Freguency lmit = ¢ &)\v @&“" = 31416 f""i/s'ef—-

$
\%5\0\053‘

Problem: Find d g‘?o s %‘“‘“CL‘ ftat W given by

(/

SENES -
''''''' E- (Ea‘ifi;f;@ l:HSE-al while satisfying the
fnez&‘o i\ QOOQ‘\ %‘ (E') Q.YLJ (E}_)

E}

This Problem can B‘e solved either Ly graff}'ll.c,a,l_ onl'm:'jwft'on
or by using a trial and error Proceolure

o

~ dp = 11_.,__iz+m£ :-Lm!-l-m,l ,m : M
T
(i) Viscous damping: ] ; e

" o Tml*+ m1’> --- (E2)
(C‘é)cri = 23, W, = 2 & kg --- (E3)
For cr.tlc,aJ ula-mplnj > Eg- (2 80) gives

0(t) = § 6o+ (6 + Wn o)t }e—w i

--- (E4>
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i i - lunar excursion module), x3 =
Let x = vertical displacement of the mass ( . :
resulting deflection of each inclined leg (spring). From equivalence of potential
energy, we find: o .
keq g—-{-—’ stiffness of each leg in vertical direction = k cos®*
1

Hence for the four legs, the equivalent stiffness in vertical direction is:

keq =4k cos® &
Similarly, the equivalent damping coefficient of the four legs in vertical direction is:
2

c,q=4ccos (0]

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 +Ceq X + kg x=0

and the damped period of vibration is:

2m 27 _ 2m
Td= = = -
wy cu,,‘\/‘l—s’2 vkeq Vl_l cEq ]
Meq N 4 koq myg

$®

O
Using meq = 2000 kg, keqg =4 k cos? @, cyq ﬁﬁ& a, and o = 20°, the values
of k and ¢ can be determined (by trial a@g}aﬁ%\kﬁg as to achieve a value of 74

% Q) . 3
between 1 s and 2 s. Once k and c argX ik spring (helical) and damper
> <

- ; ; B
(viscous) can be designed suitably. K 6\6\\\®¢qu: &

I SN ] ]
Assume no damping. Neglect xyf?@é‘%ﬁ%mcoping boom and si.:rut. Find s’.cxffness
of telescoping boom in vertiteaabe}ai&igef\adﬁ (see Example 2.5). Find the equivalent
stiffness of telescoping bo@ﬁi@@%ﬁﬁ # with the strut in vertical direction. Model

i T2 8¢ ith natural time period:
the system as a smgle/\geggéog«@\%&ggégom system with n p

S & o o\ =

NP

NSRS Meq

Tp & =27 —
Wy Keq

wc + wf = 300
g 386.4

the strut (k,). Once k, is known, the cross section of the strut (A,) can be found
from:

Using 7, = 1 s and meq = , determine the axial stiffness of

A, B,
.k’=_?’.__

with E, = 30 (10°%) psi and ¢; = length of strut (known).
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