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ol LS dad Aud dad (Sayy
s,'2=_bi“b2*4"c=_4i“42*4{])k=-21 22—k e, (1)

2a 2(1)
. = - i -3 ==
(1) atkes S, =-2t4-3=-21%1
S8 ==-1l5,=-3
G 5 geall e Absledd Ja 09Ssy Allay Ailids Dida gtall o
o x(t)=Ae” +Be™ yat 1=0 x(0)=0. 0=A+B ie A=-B

x(t)=-de” —=3Be™ gy (1) pa8 Al dsladdoia Jualiiy
iear 1=0, x(0)=1 ms ie 1=-A-3B=B-3B=-2B .. b=-05 ie A=0.5
2400 5 ) guaall b Jadl 5 9Sy
x(1)=05e™ -05¢7"
(2)ar k=4 :.5,=-2 Oy Slglaia G2l o (o
Sx(f)=(A+Bt)e™  ie ar1=0, x(0)=0 S A=0.:x(1)= Bte™
A et Ao i 1) el Al x(7) dal Y Ao Jualii

x(r) = Bt(—-2e'2’)+ Be™
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ar t=0 j-(r)=] m/s ie B=1

x(f)=r.e7 A0 5 gealt Je Jall 5y,
(3)at k=5 , rs,=atbhj .s,=-2tJ-1=-2%j iea=-24=I
D 5 el e Jall 480,
x(t) = [A.sin{t)+ Bcos(t)

at 1=0,x(0)=0 ie 0={dsin(0)+ Bcos(0)}e" ie B=0
x{r) = Asin{t)e™ A5V 5 pall e dal 3V Al (455
' AN Ao pult Alae s (1) Gl Anailly Al 3YF Jualits g

x(1)=(4e™ )cos(t)-24¢ sin(t)  arr=0 , x(0)=1ms
iie [=A(l)cos (0)-2B(ljsin(0)= A ie A=]

x(1) = e sin(f) AN 5 el e Jadl oSy
» g oaY Ak A Al yh g (g ARy phy (3-9) JSAIL Aipal A plaidl S el Adas 3042

g x{t)

m  kx — e

é fig.(3-9)

P g Ayl (1)

“YF=mx =~ Fo=—k
—hx =mx cmx+he=0 speall Lo 38 jall Dstas S5 allyy
TE =K E+P.E=const AUl 44y )by (o )

] * ? ] 2
KE=—nmx R PE=—k
2 2

..d(TE)_d(K.E+PE)_ 0
Cod dt

.-.%m(2i§]+%k[2xxj=o..., wx#0  mx+hkc=0

ey ki (g)

2
i[d(KE)]Jrﬁ(P'E):o -.-K.E:%m[:}J ...... ,'.'P.E=—;—Irx2 S doe=0

at Jx &
A(3-10) JSE0 el A kil A8 jall Allas iS)-3
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-
(3-10) S
roo e AL b
ZF mx, ZF F,= X mx=—cx .mx+cx=0
s Y Ay ko
- K.E.= % m(x)? ,D.E.= %c[fc)z %[i_ (K.E)+ —a—.(D.E)J -
ax ox

.-.lm[zié}flc(z:}}:o mx+cx=0
2 2

(3-11) JARy Lgpall Lo ghiall 4 jad st ap gl-¢
x (1)

/]
iy l M- r
s
4 (311)
1 Ay -
ZF =m x ,'.'ZF=kx+c5r mx=—cx-k¢ Lmx+cx+hkc=o0
gl ey Ay ko

1 (Y 1 1 (-
K.E.=—m(x] JP.E.=—k* ,D.E.=——c(x)
2 2 2

. 4| (K.E) . é’.(D.E.)+ A(P.E)
d a{i) a{i) o4x)

] - . -
.'.-2-m{2xJ+%c{2x]+%k.(2x)=0 mx+cx+kx=0

=0
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5-A vibrating system as shown in fig. (3-12) is consists of a weight 16 kg compound upon the
three dampers of damping coefficient C,=0.095 kgf.cm/sec ,C,;=0.08 kgf.cm/sec, and Ci=
0.0106 kgf.cm/ sec and also three springs has stiffness coefficient k;=9kgf/cm , k=6 kgf/cm
k;=4.4kgf/em.

Determine:- (a) the equation of motion and the equivalent of the spring stiffness cocfficient the
values of damping factor £ , and the logarithmic decrement and the ratio of any two consecutive
amplitudes.

JS Jelas add gi M e 38 50 16 kgf L AES (e (055 (3-12) JSAT Aissall s phiall-5
Ki=9 S (a5 S0 5 ¢,=0.095kgf .cm/sec , ¢,=0.08kgf.cm/sec , ¢;=0.0106kgflsec. aeie
A il Jlas 48 5ol Allas = 2 2n f ckgffom , Ky=6 kgfiem, and K; = 4.4kgf/em
Oulline Gfinan gl co Bl g & (oaile sl Bl g £ 2l Jalns 0 JS Rah 22 40

fig(3-12)
I ! =44 I - =4.443.6=8kef /om
kK, 9" 6
€y =1t ! 1 =0.0106+—-1—1—1—=0.0106+0.0434=0.0540kgf.cm/sec
e ¢ 0.095  0.08
.- . k
mx+c, x+k x=0, ., =‘fi" = 1/&?—2}—) = 22.15rad / sec
m
S e 009 035
981
————-—2”{ = ——L (0.075) =0472 D™y

6-In the system as shown in ﬁg. (3-13) , If the mass is displacement to 10 cm down the
equilibrium position and released to vibrate, assume the natural frequency..w=1 rad/sec
a-Determine the equation of motion when the damping factor {=2,1, 0.2

b-Compare between the three cases by sketch.
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¢ oS5 g Y pada ge Jiad 410 ABSY Caay 13 ¢ (13-3) JSAIL Agadd A gliidi-6
—1agl JS1 Ay kb i Baal y Ayl ) (g gy oahal) (6 gl 250 ) )

£=7.1,02 il Jale (5 Ladic 48 jal Allea 2ayf ()

Yl DRI 6 ()

(3-13) S5~
X dal Y e g 43Y t_,.\asy(gﬂ)ol‘_;‘gﬂc,.ﬂlmih“iu‘ =2Ln-\°ﬁ:‘.‘"‘
sl Aty
x=e-{l’.,r[Ae(J£’_-l)a.,r +B€‘-J_£’_-”“"']. @, =1 rad/sec ,g-:z

x=e[4e 1+ B ] ) cx= a2+ Bl s Bl 2o Bl ()

. from the frist condition and equation(l) at t=0, x=10 .. 4+ B=10..(3)

Jfrom the second condition and equation(2) ie at =0 , x=v=0

0= A(-2+3)® + B(2-3)e® v e® =1 . from equ(3)

Allad 3348 Aal Y1 Ablee Jud (4) Ablaad
Z a0 e S cust D A o] £=0.2 Laaie :0000
ol S Y kel (e AL § (e JS Aad Slay) oS LS

x = Ae“ sin(\f1- ¢ 1+ @) = Ae™¥ 5in(x/0.96.1 + §)....(5)
tgle Juani (§) Wilaall A o gailly =0 , x=10cm  ledic (ol Jg¥1 Ja il Ua b
10=Asing  ........(6)
e gaill y e 30 dnally (5) Ablaall Jualityy ¢ =0, vex=0 Ledie (gl JUN da 00 AMa
fle Jueat (U Loyl
x = 4¢*[[J0.96 cos(v0.96.1 + ¢)~0.25in(+/0.96.s + ¢ )|
s0= A(Jo.% cos¢ —0.2sin ¢) stang = LJ“S‘?: 78° 28
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Akl Ciuai 4yl 5 1.37 skl ¢ Ayl W O

A= 10 =102 cm: b LS (A) Aaf sl (6) Ablaad) 6 iy pilly Sy Y

sin(78° 28’)

2. x=10.26% Sin{J0.961 +1.37 oo )
oAl 2l e A ol =1 Laaie (U0
A B peall o jall dedll Alla 3 2S al) Ablaa o5
x={A+B1)e™ =(A4B1Ye™ e eereren @®
from the frist condition at =0 ,x=10 ,0, =1

210=(4+ B0))}e’ . A4=10 cm.

-+ from the second condition .c.att=0 ,x=0
~ from equation(8)

% =—Ae” + B(— te” + e") ~0=-Ae® + B(O + e°] e’ =1

c~A+B=0 ~A=B=10cm . .x=1001+0)€" e (9)

Sx=

10.2¢° j x=10.2cm

r 3
b 4

~le

»
¥

0=21/(0.96)""

C=02,1,2 s 3l kbt ps s (3-14) JSCib

7-Determine the differential equation of motion , the natural frequency of damped oscillation
and the critical damping co-efficient for the system in fig.(3-15),when it is giving a small
angular displacement 8.

Agall A ghiiall el 20il Jalaey ¢ 2l i3 gaplall o 50 g dgbalith 45 jad) Aslas an =7
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(85 ypaa By gl ) Aal ) Aaghiiall daat Ledie ¢ (3-15) JSail

N
@ 1o
4 g

a o

-

STT77. 77 77777
(15-3) I
X, =asinf=af .. Jc'l =af ,;=a.§ where @ is very small angle

. X,=Lsin0=10 .x,=16 x,=1.0
'.‘ZM0=0 .'.m.JE:.a+k.x,.a+cin=0

maz.é+ci2.9+kal.9= 0

! [2 2
0+ —— .0+ k"z 1 U )
ma ma
LX) M_,l:.u” [T UA Ji_)n)i.l (2) aglall dJLI.AlL'(I) FREYPOA M_)Lla.l_,
A T S @)
cl’ 2{ ., ma’ cl?
2 — =2 = L =
¢ fw, ¢ )2 cw, S
o o [ _ K 2¢ &’ km
" Yma® Vm N P
0, =w \}1—42 'a)z—coz—é'za)’—i— o Y
T e ' m | 2ma’
o Y e, 1k cﬂ
2ma’ N T m 2ma """""""
“al critical damping & =1 .c, =2mw, —2m =2

8-For the system as shown in fig.(3-16), Determine the differential equation of motion ,the
undamped natural frequency and critical viscous damping co-efficient . And if the system is
less than critical damped , determine the frequency of the damping oscillation , assume the

12
moment of inertia of the bar {1 = -’%—] around (o) .

2eall e asddall 33 5y A jall Alialinh Aledll aa yf ¢ (3-16) JSAN el dephiiall a8
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c2asl 3 3 M agekal

AREAIY -1

ol ol (pelaaaW) (I oo Bl b gy faiddl s sty ol e o ey
]§=—ZM0 X, =ab .x:, =ab ;, =ab x, =18 .1:2 =16 xz =1.0
w3 My =k a+cx,l=ka’(0)+ c!z(éj

“ . 2 as [
1.0=—[c12(9]+ kaz.(ﬂ)] .-.ﬂ;—.o»r .6+ ka? H=0......(1)
L1 a 2
R Ty T @)
m ml

1 ble dag (Say Ledey Alualiill S alt Alstas (1) Astaddl iy

a)"—ymz @ _JBkaz —51’2 c.p.s
DI B =\ S p-

Jualis il g0 = o™ A0l ADNAI 0 A5V ) N e pmse €, ol daddl Jelaa Sa¥
tok LS Ayl Alaadly de judl (e JS Gaadl e U Bpeadlly gl 50 dad Y

2
" ml .
Xt 0-‘252.8“ ‘.._3_5233.: +C12.S'e” +ka2.€” =O

mi* . —bt~b’-dac
2a

.'.T.sz +cl’s+ka® =0 s,

2
where a=ﬂ;— Jb=c? c=ka®

o oy 4mi kat
e i\@) 3 -3, [9c 3ka’

LS, =
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alae N i ¢ igialt 2asd Jale 5 3ad Jind Jaiadl 200 =1laie ol 7 all 2add) Al b

9 2
w‘uLaScJ,;.\\.\.u.]‘d.Ln.-.\LulgﬁmdbuaJ4c i:;h.hc-guau.\q_, Cc_):.“.\..;“
- 2a (km
o=
I ¥3

PP p @, 2adT G gagdall 20 2l il
ce=S s Vel
C. B 2a+/km

a [3k Vel -3ka2 92
@ =0 i1-¢7)=] \/ [20\/_J “Nml? am?

m mi’®

L@, _E-J] 2kma’ =91 e c.p.s

9-A component of a machine is represented schematically in fig.(3-17). , Determine:-
a-The differential equation of motion , b-The equivalent mass and the equivalent spring
stiffness, ¢-The natural frequency and damping factor.

S A NS0 ¢ A S pall Aghalinl Alsleal-t —raa f ¢ (3-17) JCAN B &Y 248 59
el Jale g oandall 2 glr 168N (il Jelaa

Yo S

(VV-T S

x, =10 ,x,=1,8 .,x,=L6 .,x,=(,+1,)6
xl =I,.6’ , .1.:3=13.é wJ = Z(Torque ZM
.'.[m|1|2+m2]22+m3(13+14)2]é=—kx1 —c, x4, +mygx, — ey x3ly —k,x, (5 +1,)
(c,lf +c2132) [k Il +k (I +1 ) -m,gl, ]

-6+
[m,1,2+m2122 +m3(l3+l4) ] [ml +myl} +m3(1 +1, ) ]
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A IS ABSH eyl 3 A0 slad oSy ¢ A ghiall 38 el Abalitl Al o (1) Astaddg
1l LeS aaddl Lale 5 AlSAD alill Jeolaay

[ ey -men] s

[m,l,2 +my 12 +my(l, +l4)2] - m,,

k, =kl +ky (1, +1, )2 -mgl, ,m, =mll +ml} +m(l, +1, )2

eq.
A g ¥ A8 jall Aalall Allaally (1) Aslaadl o i & 2edd Jale olas¥

§+ié+£0=0
m m

. C el +e,ll

Cm [mlz+m12+m3(1 +1, )JJ
coll +o)d;  ell+cli ol +c212

n = =
2m, w, k. 2.m
- 2m¢q..J ey, '\/ eq. eq

=20 w, ,where L= 2w,
m

m,,

10-A vibrating system consists of a weight of 12 kgf , & spring of stiffness 8kgf/cm and damper
of damping co-efficient 0.024 kgf.cm/sec , Find the damping factor , the logarithmic decrement
and the ratio of any two consecutive amplitudes.

(choral ale) 3as 5 Bkgflom Alelaa iakiy 12Kef Ly S (o (0S5 %33 a) dasiiam10
i (51 O Raaadll y a8 gl Bl y aaadl Jele 3o sl ¢ 0.024kgfem/sec A sadl Jalea

o, -J 1’8(9815 =25.57 rad./sec ,f,,=;’" =4.07HZ
T

rdadt
NG = = 0.024 =0.038.. ¢ =<1 5=—2£52m§'

2’”“"' 2{9]:1)(2557) 1-¢°

x
~6=27(0.038)=023  +5=In2L=023 ~l=e®=e"?=126
X2 X2
11-A vibrating system consists of a weight of 160kgf, a spring of stiffness 50 kgffcm , and
damper with a damping co-efficient of 0.4 kgf.cm/sec. Deteérmine the damping factor and the

natural frequency of demped vibration.
doall Jolea 2ald g« 50 kgfiom Alelas (iaki s 160kgf Loy ABS o 9SE 4 ) Fia) 4a glaia—11]
v, Sl adall 2 gl £ aeall Jele 2y« 0.4 kgf.em/sec U
tdadl
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-, ‘—”JZ';]}SO?SIJ =17.51 rad./sec .. [, =& 279 C.p.s:-
m 160 2 '

ne, =2mo, = (]60](1751) 5.71 ,kgf.cm/sec . ¢-1=M=0.07
. 98 C,. 5.71 :

w‘,=a),-\f1—{,' =17.511-(0.07F =17467 rad./sec

12-A vibrating system with viscous damping consists of a weight of 8.5 kgf ,a spring of
stiffness 6 kgf/cm. and the amplitude decreases to 0.25 of the initial value after five consecutive
cycles. Determine the damping coefficient of the damper in the system.

el )y 6 kgflem Adae ki 8.5 kef. iy S e O 5S5 g 3 aed D 4 Y el Aaghaie—12
Aaglaiad 33a 8 2431 16al Jale dag) AJEe D90 aed 2y g R8N Aand 30 025 I

i
"> the amplitude ratio of any two consecutive amplitude = e’
et R KX _Xe Ko _ Ko X% Ky Xe_ss_ 1
X, X, X, Xq Xq  Xq X Xy X; X, X 0.25
1 27
¢ =2n =0278 .. £ =0.044]

1
=<In——=0278 é=—rT2_
5025 o

13- Prove that is the solution to the crtical damping of vibration . bte
A AN I3 AN Jall 4 Bre™! o cali-13

:dal

Al Al e x Al W) () La i

I O )

—w,.1

. Sx =b[[.(— mn .e'l'-’,,.-' )+ e—w,,.f ]=b.[“' mnl.e—w".l + e—w"_:]

X =BT (1= @, d fereerreriereiereenseeeeise et sss sttt eene (2)

x=b[w31e“‘” '~ .e"’"—m,.e""’]—b “’”’[w,f.t 20, |, 3
Ty S (4)
mb.e " (a),f.t -2, )+ c.he™ (1-w, 1)+ kbre™ =0

m.(w:.t—2a)n)+cr.(l—w”1)+l;1=0 ..................................... 3)

n

[L 2(}+2r[1—(l]+k1 kit = 2Jkm + 2Jhom = 2ks + k1 =0
m m
e sl iy Tl g Alleall Bind L a (5) Alaad b (6) Alaally DY (e sy gl of 6l

Ve, = ‘[—E €, =2M, = 20K Miecnnniiiinin (6)
m
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14-A  machine of 30 kgf is mounted on sprigs and dampers as shown in fig.(3-18)., The totall
stiffness of the springs is 15 kgf/cm and the totall dampingis 0.2 kgf.cm/sec. Find:-
(2)The natural frequency,the damping factor and the damping natural frequency.(b)If the system
is initially at rest and a velocity of 10 m/sec is imparted to the mass , Find the displacement and
velocity of the mass as a time function. ,(d)The displacement and velocity at the time (t=1 sec).

alaa S 13 (3-18) Sty Cne LS by i g8 e A0S e 30 kgf L33y AuSL14
o=kl 300 () —22a § 0.2 kgfem/sec KU 20ad Jalaa g 15 kgffom JSH (aad o3 (531 5SH)
c2ad Gl aphll 25l 5 2ead Jale

Aal W e S 2 ¢ 10m/sec Aoy AEKD ac) 5 Aol 4 5 s e ghalall S 13 ()
Al aal g el L-_,,s;m&::,..&t,uﬂigj‘ () oot (o S Aa plaiall Al

:Jall

fig.(3-18)

o, =\/_E= ,15(9081) = 2215 rad/sec ¢ == ¢ 3002 =0.148
m 3 mao, 2[ )(22 15)

981

w, =0 \1-¢ 7 =22.15{1-(0.148) =21.91 rad./sec

~Cw, =(0.148)(22.15)=3.28 rad./sec

o x(t)= e [ 4, cos(w, 1)+ Ay sin(@, )] oeeereeeneeeeceeeieececiees M
= x(t) = e |4, cos(21.91)+ 4, sin(21.9%)]  .ar 1=0 ,x(0)=0
20=40)+4,00 -4=0

ll

: GULS(t) (pa 30 Aol (1) ke Lol
sat 4=0 cx{t)=e 5" 4, sin(w, 1)

.

= x(t)= 4, [ ol ,.cos(w, 1)+ sin(w, 1)~ o, )e"”"""'] ...... (2)
~x=e™ 4,[21.91c0s(21.91¢) - 3.285in(21.91¢)]

Jfrom boundary condition .. x=10m/sec at t=0
~10=¢°.4,]21.91c0s(0) - 3.28sin(0)] ..10=4,[21.91-0]
10

A, = =0.456
21.91
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o) i A ,A2 def O de Wslaoy (1) Al Aslae b my peilly O3

S x=e7 ™ (0.456)21.91c0s(21.91¢) - 3.285in(21.911)]

Sal t=1sec

Soal t=1sec

Sox=0.640m.

Sx=e? (0.456)[(21.91)cos(21.91) - 3.285in(21.91 )]

.‘.i=0.314m/sec.

15-Determine the logarithmic decrement of damped vibrating simple pendulum of length 45
cm., if it loses 95 % of its initial energy after 6 minutes form starting vibration.

O % 95 Jsaidl 38813 aa 45 &gk Japu Jsaid 2eiall 350N e 51 el aa 15

E 5
E 100

OV rat Ay e (3183 6 2ep A Aol 28U
E, o &836 2 Jyudl Ak (o a i Jad

, the vibration energy o (dispIacemem)2

= (.224

t e die Al a4 e t=0 el Ledie Al 24 o (e sy
=d.
y X/
Lt=e” =0224
A

]

" the equation of motion of simple pendulum x+ (%]x =0

“.the time of period =1, =2—7r=227r‘/z sec.
(Dn g
{
st A 27 L]n[ 1 ]= 27 45.1{1000]
t L4 ¢ Vg L0224 6(60)V981 | 224

~. 8 =0.00374(1.496) = 0.0056

16-A mass suspended from a helical spring vibrates in a viscous fluid medium whose resistance
varies directly with the speed. it is observed that the frequency of damped vibrations 85 per
minute and that the amplitude decreases to 25% of its initial value in one complete vibration.
Find the frequency of the free undamped vibration of the system, -

&Hc_aiﬁhn)yﬁa.nju‘Qg;cjéhh_g@ﬂi@_g_ﬂaumbdﬁulhs‘lﬁ
il e 925 0 B 3 e e of g Ay JS1 85 (6K 2edl i3 3 ANt av o) aa

Jed s a3 el Cld e glatdd el oy gl aa gl ALK aal 533 Y Ada

Ty adll 3 3 5 2B (550 a3l o f), deddt S35 pad agudall 20 gl o i i sl
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Amy JB Al y ASAN Al Laa x, L, Xy ¢ f, deda Ll jall Szad ekl ool
Fo Y adil dadll Sl (omanhall 30 SH Mg g AlalS 3aa) 53 ) ) Jae

w f, =85 per minm’e=§§ c.ps 1, =i % fd=&
60 2r

7, 8’

~.x, = final amplitude after one complete vibration =1%56x,

\ | . 2r 2n
SoXy ==X, assume a=—={@, ;= ——= —————mx
< 2m P o -Eo,f
R td‘ - ___2_’r_ . i = e‘:-w.-(l'.r) = eﬂ'J'.r o !n[i] = a!d = a[@] = a[EJ
e x, X, 85 17
) 12 1 72
~Ind)=-Za  ~139=07la ~a=19 . f, =— |0} -a
17 2z
85 ] 2 2 Ly 9-1
L——=—3/o, -(1.96) @, =91c S, ==—=—=145 c.ps
0= 2 Ve (196 o, =91cps o f =Tt=on c.p

17-A coil of spring stiffness 50 N/mm. supports vertically a load of 230 N at the free end.. The
motion is resisted by the coil dashpot. It is found that the amplitude at the beginning of the

4
fourth cycle is -5— of the ampplitude of the previous vibration. Determine the damping force

per unit velocity. Also find the ratio of the frequencies of damped and undamped vibration.
230 d—ea Ll ) 2 S (ks 23l e Ll (Ble) o JS1 (555 50 Aalas (g 3ba 17

b S 5D RSNI Aad 3 5 2l 53S0 ¢ A Dl g
PR INEDES FEFL QT UYWL - TWERRVA B TON V- PASYS SWQPS T JEVES - XU B V1 T I PO IO
-3 AU dgaubdl s sl

sl
3
k=50 N/mm=5000) N/m .o, =\/E=1’5°2(;g) =14.74 rad./sec.
m

Damping force per unit velocityie ju 83a 3 JSI 2eddi 348 2 ¢ of Sliely
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let x, = Amplitude at the beginning of the third cycle

x,,,‘, = Amplitude at the beginning of the fourth cycle = gx,,

f. = Frequency of undamped vibration = ;’"
: 4
J, = Frequency of damped vibration = —;-,-"-
7
‘1 2ra 2ra 2ra
n = a"d =
nel @, ! -a’ J(l4 74)2 ~a’
ln:" —In>=0223= 2’”: ~a=052 .a=——=0.52
2 x 4 J(14.74) -’ m
5 h

.- ¢ =2(230)0.52) = 240.6 N.sec/ m=0.2406 N.sec/ mm.

| F, o, +(474f —(052)
A R =r= A = —- = = 099
atio of frequency =r=-"=— 14.74

n n
18-A machine weighting 90 kgf is mounted on springs and is fitted with a dashpot to damp out
vibrations. There are three springs each of stiffness 15 kgf per cm. and it is found that the
amplitude of vibration diminishes from 4.5 cm. to 0.8 c¢m. in two complete oscillations.
Assuming that the damping force varies as the velocity , determine the resistance of the dashpot
at unit velocity and compare the frequency of the damped vibration with the frequency when
dashpot is not in operation.

SO ama g ¢ JaY) il Cleaall alay (sad 55 e A8 ja ol sa glS 90 Ly 1Sl 18
B W a4, 5 o fi FY Aass any 2a gy e JS Bl a sl 15 ali S Qalaa il g
Melall gl aa gl e pull pa i 2eall 5 8 o Gl ¢ OALIS (005) O e (e
Sladeall ol Jaady Ledie 33 A ae 2edll 23 50yl ¢ Ae jas Baa g JS) (lasial) ala)

s Jalt

Al A x, e ALSaalyiddagdndd A ox, Glacox, WIAY A o Lk

W =90 kgf k=15 kg/cm. ..mass of the machine=%=9.2 kg.

"+ 3 springs are connected in parell

~.the equivalent spring = k,, =3(15)=45kg/cm = 4500 kg./m.

’k ’
Lo, =0 = % =22.12 rad./sec " intial amplitude =x, =4.5 cm.
m :

Resistance of daspot or damping 4& s 532 5 JS) 2ed) Jalaa ol 2edll dajglic & ¢ o} Gasiny
coefficient per unit velocity
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x,=0.8 cm. R L SR ()
X, X X, X x )
.e 1 1 2 | 1
R I N . - = Q) |
[ X 2] [xa x:] ( ] [x,}
"‘ 5o J =237 .l 274_ 2ma
X3 X, @, a)f-—-a’
2ra Bw,

— a=3=
J@2.12 - a2

a=— ca= 6.9.2) = 55.2kg.sec/ cm.

~.In(2.37)=0.863 =

2m
22 2
Sor= & = .\/w” a = J(22.]2) (3)2 = 0.991
w, w, 22.12

be—— Jwo oscillations —————=

Pp——

\M

-
-
-
-

(19-3) s
19-A body weighting 25 1b is suspended from a spring with a scale k=10 Ib/in. Adashpot is
attached between the weight and the ground and has a resistance of 0.1ib at a velocity of 2 ips.
Determine:- {a)The natural frequency of the system. , (b)The critical damping factor of the
dashpot , (c)The ratio of successive amplitudes. , (d)The amplitude of the body 10 cycle after it
was released from an initial displacement of (3/4) in. , (e)The displacement of the body exactly
1.25 sec after it was released from the initial displacement of (3/4) in.

el o p a8y day JS 2k 10 Aldas pads b (dle 34425 L)y pauam19
—raa g Al S Aia 9 2 Ae s die Bgh . 1 (Cletall ald daddl Jolad) Tia gliay ()Yl y
O (6 5 Anali(z) - laanall el g adt dadd) Jelad( ) e ghaiall aglal 55 -]
G W e gl A 5) g (413) 2504 A1) e € 5 3 5200 63l pasnd Saf)

Ao g (413) 400N sl VY die AS 5 aay Al 1,25
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-:M
fiY) A (c) add Jalee s Y (1)

resistance of daﬁ‘hp"’ = % =0.05 ib—sec/in

the damping factor = ¢ =

velocity

: 386)) (0.05(386))’

®, = wi-[—iJ = []0( 8 )]—[ X )] =1242 rad /sec where w:=£—
2m 25 2(25) m
S Je = 2o 1242 =1977 c.p.s=1186 c.p.m.
2r 2= ‘
:USY1 c._ﬁicc C_):J\ Jaall d..‘.n.n JL:LQY(U)

e, =2Jkm=2 1025) =1.6 ib.sec/in .. =£—=2'gj—=0.031

386 1.61

The logarithmic decrement ( & ) <3l sl [l AaN(r)
2m(0.031] . 0.054386
noa g [ 2700 o105 4 5o 7o MOOORG)
T’ -0y mo,  251242)
n Tz e o = 0822
o
e Al 53 pllall 55 52l Al alisg) dasy The time of period 1, ssall el Ja¥(e)
3ol 5552l 4lys

'.tp=——=——=0.506 sec
w, 1242

. The time required for 10 complete cycle is 10t , =10(0.506)=5.06 sec.

. The amplitude reduction ratio in 10 cycles=¢™" =0.1417

. The amplitude at the end of 10 cyclesisx,, =%(O.1417)=0.]06 in

10
or x,0=3["—’] =3(0.822)" =0.106 in
41 x, 4

Ay dal jf aie LS 5 ey g 40 1,25 axy Aad W SaN( )

Sox= xo.e_[ﬁ]“ [coswd.t + .sina)d.tJ =
2me,
3 [ 0.05+386
cx=sel 1T 00512.424125) + —————sin(] 2.42-125)] = 0428 in
4 2425¢12.42

20-1f the logarithmic decrement of oscillating pendulum is 0.03 , How many times the
amplitude of the vibration decreased afier 95 complete oscillation.
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e JU (fa pany (62 G W (e oS0 (8003 ) Sy Y a0 le gl aBlall oIS 1320
ALlS 3540 95 2a3 3 AV

. dal

PRGN AT, LS Al D 559 =0 e W 055 N Ay xie

95

o A95 e—95.6
Ify= Ao.e{"’“" .sin@.f 21-Amass undergoes damped motion given by the equation
A =10 cm. ,o=n fsec and {w,=0.8 1/sec
Find the periodic time of the vibration and the logarithmic decrement
ol S 13 y= Ao.ef“""".sinw.t A Dlaally lgie o ded 13 A8 jay JinY & a5 4ES-20
v e s Gallil g s 55 oM 2a g4 =10 em ,w=2 Ifsec and Lo, =08 Ifsec
tdadl

A
e ] ___e95(0.03} =eJ =720.1

2r 2z
l=—=—=2 sec
@ T

P 8= ln% et =¢w, 1=(08)2)=16

22-A light rigid rod of mass 4 kg and length L= 1.8 m. is pinned at one end (o) and has a disc
of mass m=8 kg attached at the other end and the radius of the disc is very small if it is
compare with the length of the rod. Three spring and Three viscous dampers connected in the
system as shown in fig.(3-19), where are fastened to the rod at a distance b=1.2 m. from the
support. The system is set up in a horizontal plane with neglect the weight of the rod, a plane
view is shown. where:

k=4 %, k=6 &/ | k,=26%, andc,=015%+/ ¢, =025 Ws/ and ,c; =003 &y,
Determine (a)The equivelent spring stiffness coefficient , and the equivalent damping

coefficient.

(b)The differential equation of motion and the natural frequency, and the damping factor.

Assuming that the dampers are adjusted to provide critical damping , obtain the motion of the

rod as a function of time if it is rotated through a small angle () and then released. If (6=3

degree) and the undamped natural frequency of the system is 4 rad/sec.

(c) Calculate the displacement at 1 sec after release. (d) Explain the term logarithmic decrement

as applied to such a system and calculate its value assuming that the damping is reduced to 70

% of its critical value
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(0) Juaia (g Ailed (g2a) 2ic Hguas jio | ,8 Wghy ol s 1S4 AES poula Clid upab=22
Jodag 058 Lo 13 Vo s (ym 0yl iy 4 551 el e ol S8 A0S a5,
e Caallly Aidia s (20-3) JSAN (e LS A phaidlly Aldia 2al i S0y iad 95 DB cqapadl
i el (355 Jlad] o (B 05 te (g A0 g ga L ghial 5 uS S g (3o i 1,2 e
kiky,k=4,6,26 %/ adc , ¢, ¢=015,025, 003 ¥ =/, are respectively
0l A8 jall idoatinl dbladli-() RS il Jalaa y 788N Gkt Jalaa—(1): a9 4
Abilaeaagl -z ol el Al 6 Ll A6 g ge 2 il ¢ a i 2adl Jale y agaball
8 = 3 A5l 50 RSV CulS 13y B A6 e Argh ) capdall a3 ¢ el g S A jal
@, =4 rad./sec rphll 2 3l ¢ degree
el B 55 g Band 5 A0 20y 2a) V) 2a o (2)
.E);l'l.:...a‘..ll;,.n%'iodi._u..s..llglyﬂwwl,uﬁﬁ,ﬂiu@m@uﬂwigj_ﬂl@&wl(»

L
(3-20) JSh
AN
1 k k& 4x6
ky =k + ckr ik 56,470 g,
v 1.1 YUk 4k 10 %
k, Kk,
1 ¢,c, 0.15+0.25
=6+ mo, +-5C2 20,034+ 2202 L0124 My
« = T ST e, 0.40 /
€ 6

10=-%M, oYM, =k xbtc, ub=k,b'h+c, b0

“ . v (e, b . keqbz
~ 160 +c b0 +k b'H=0 O+ “'} 0 + ; g =0
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2
m, 1

e =3 1y, = ipeaill S ) geall a0 (g9l (1) Aaphiial (3 puail) o5
2mwN.r2 ) e .
g = = M () 3D I gl

Js—a 5,80 SN ) peail o (5 5ty (0) s sae Jga 58U A ) guaill o e of s
A p o omd B ST ALS (5 gy (A1 50 Hgaal Jga S gl a6 N ALBYY La S e
Jo—ar Go8 L 13 lan e (5% v o SH phal s oY 1Sy 12 (s g 0m L S 5

2msﬂlen"r2 - . -
2 2
od= % + e A1 )=i4"(+8)+ 8«(1.8) =30.24 kgm’
. 2 . 2 e -
no L0242 02) 5 G002 5 o 5o 6 4038 00
30.24 30.24
¢ 5.9 59
@ =+238=154 rad./sec , L =20w =59 =22 =_27 __0192
©r iy AR £ ¢ 20, 2(15.4)

e A8 al Asledd Jall (55 1= (g sl QY auay b Lol A ghaial (S5 Lavie—p
LY Abledl 5 ) goa

@=(A+ Bt)e "'

4 o

di

nO=(A+BNe™"  -0=(4+BN|-w,e™ |+ O+ B)e™

JSrom the initial condition " at t=0 . 8=6, ,0=

nal 1=0 =0=(4+0)-w,e|+(0+B)e’ =-w, A+B

“B=w A ,-A=6, ~B=w0,

sal A=6, B=6,w, ,after 1 sec ..1=1 .‘.9=00[1+w,]e_ O

nat @ =4 rad/sec , ,=3  .0=3(1+4)e™ =150.018)=027°

£=70 % Jabona (3—S 7 ol 2add 0e 70 % 2eall Jiy Lotic § i e gl allsl slaN—(3)
ARl ANl (e (pai e 5l el ey UL

Xy 27§ 2”(0‘7)

—= = =6.16

X J1-¢ 1-07)

d=In

23-Determine the differential equation of motion of the solid cylinder shown in fig.(3-21)
which is of radius r and mass m. It is attached to a spring of stiffness k and a dashpot of
damping coefficient ¢ which provides viscous damping in the system. Assume that there is
sufficient friction for the wheel to roll without slipping. Find the natural frequency and
damping factor.
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1kl i Cua (3-21) JSARG e LS Riaae 4 gl A8 jall Gloalil dblaadl aa 23
A s e Al S }Jm&\bhﬁwiﬁpcuah.nhl&_,k:\lahauhgtq:\luhcml‘ﬂﬁs_,
BLPEL] ‘_LL;_,U.I._L_LH'I _\J_)'.\]| J.;_,I ‘j‘ﬁ')‘} u_,-\ac_p.)ﬁ(iab.h—-‘fl) M‘Md&é&]

w 10"
e
L
/
7
7
i
x=r8 , m=W/g
(a)Oscillating cylinder (b) Cylinder in dynamic equilibrium.
(3-21) s

I a5 e 5 shay Hsae 5 Usn Lo pund AN puaill o e (N 4y ) fal ) slonall 4y pdail lighs 1]
gl G 3l ag pe B AESD O o Jeolads Bline g ABSY S ey as 5 56 Jgaa s puaall

cx=r@ ,x=r@ ,x=r@ ,F_

=kx=kr@ F,=cx=cr@

10=-3M, =~ My=Fyr+F,r=k?8+cr.6

..'I=I(} +m.r2

oy +mr) .6+ k84 crt.8=0

2 2
. i i
O (—L .04 £=0
]u+mr2) (]G+mr2)
krl’ c C.rz

hoye K eps  nS=2m, =T

](; +mr2 P m C I(i +mrl

2 2

7 N AR RS —

I, +mr’ g U, +mr’)o,

24-In the system shown in fig.(3-21), If weight(w) of rod =16 ib , Spring constant (k)=6 ib/in
.Length(L) of the rod =26 in, b= 20 in (Location of dashpot from o ), The damping coefTicient
(c)=0.18 ib.secfin , Determine (a)the differential equation of motion. (b)the undamped natural
circular frequency (c)the damping fz .wor. (d)the damped natural frequency.

oy /B palill ¢ x4k 16wl (5 G 1Y ¢ (3721 JSAN Aaal ds plaiali-24
€0 Jaiall (o A a ) 20 2ap (letall ale) salsd Juai] dais ¢ o g 26 il J gl
—1a g Ao g /4002 5L 0,18 2eal Jales

el 20 3 () caadd Qdle () Laeie (g A gaadal 0 i () A8 el Aghalish Aldadt (1)
JEVES IS K
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TR D e A R SR e S B ey o R SR A

b re— __._!’.’.._

- Vs ///‘
fig.(3-22) -
o la Al I poe e b gy el b o5 gl 0alSD B 0o ) Ly

WM, ==16, Y M, =koJ+cx2 b=k 0+cb .0

2 2 2
o l= mi L e = (1 6)* (26) =9.34 jbin.sec’
3 3g 3(386)

- . ” ?, 2
10+ kPP+chr.o=0 .-.9+%9 +%9=0

(kF c ch’ ch’
L@ = — .S L= =20 = — e =
g 7 F m 640, I ¢ 2].m,

2 . 2 . .
-5 L 0189*Q0f o ©)+Q6) ) s oo, 434260 = 0
9.34 9.34

Lo =43426 . @, =\J434.26 =20.84 rad./sec

2
ny =P 208 bz - ©18)x(20f _ oo
27 2« 2(9.34)*(20.84)
o, o 1-¢*  (2084K1-(0.185)
= n s aa > =326 HZ

25-The inverted pendulum shown in fig.(3-23) consists of a sphere of mass m and raduis r
attached to a slender rod of length L and mass , The rod is pinned at o and a spring and dashpot
are attached to the sphere as shown in figure. If it is giving a small angular displacement (B)to
the pendulum from its static -equilibrium position , Determine:-

(a)The differential equation of motion of the system.  (b)The natural frequency and the
damping factor.

gl A A Lo r Wl Cinai g m LS 5 S o 5Sh (3-23) JSAIL Opall Galiadl Jgaidi-24
L8 . JSAI L b ST Jaaiie delally adil g ¢ 0 Juaially o gusas g1 5385« M 4GSy L Uk
ALl abledi—(1) —ran o LSHEUNE O VY paia ga (e (8) 3wiea D) Aal Y sl e

aadl Jale g oandl 23 8l-(o) gl 45 jal
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L+

x,=(L+r)sin0=(L+r}o

X;=LsinB=L0

fig.(3-23)

M, =-18

> ZMO =k, (l+r)y-mg({l+r)0 - Mg[é}ﬂ + cx., (I+r)

ZMO =k(l+r) 8-mg(l+ r)—Mg{%].9+c(l +r).0

2 2
el er, <MI 2

spher +m(l+r) or<<<]

S ey =m(l+7) only

- 1O+ [k(l +r)Y —mg(l+r)- Mg(é—ﬂﬁ+ c(l+ r)z.é =0

2
o, = Jk(l+r) —mg(i rr)-Mgl/2) .
.. C c(l+r) c(l +1)?
. = 2 = S = —
m s, ] d 2].w

26-Part of a structure can be modelled as a torsional system comprising a bar of stiffness 15
kKN.m/ rad and a beam of moment of inertia about the axis of rotation of 60 kg.m’, The bottom
guide imposes a. friction torque of 15 N.m as shown in fig.(3-24). If the beam is displaced
through 0.08 rad from its equilibrium position and released , find the frequency of the
oscillation, the number of cycles executed before the beam motion ceases.

- 143 -



15 kN.m/rad. dLales gl Jaiy (3 A 3 5ind <l G ghaiad 3 gai (9955 A0S 5 (e ¢ 5226
Josl sy dya 50kg.m” W AW )yl o0 dsie y o(3-23) SN Al Lo kil LS
0.05 L—a o8 (il dy,f 3 Al cian 136 TON Jiull) Ja¥ die SIS o0 058 o da iy

rfindl A€ e i U8 O (A ) pal ey agpdall 330 ap g ¢ OV e g e rad.

Bar

Beam

fig.(3-24)

S, -1’ JISS(()) =15.81 rad/sec ,' f, =-——=252HZ

loss in amplitude/ cycle = Fy -4 13) =0.004 rad.
k,. 15«(10)

angula rdisplasment  0.08

= =20
loss in amplitude / cycle  0.004

= Number of cycles for motion to cease =

27-In the system as shown in fig(3-25). , One third of the mass iscontained in a rotor that
rotates at an angular speed (@) with an eccentricity of 2 mm. The kinetic coefficient of dry
friction is 0.2. The mass is 10 kg and the spring modulus is 1600N/m. What is the amplitude of
motion at {(©=100 1/cycle)?

What happens when (0=10 1/cycle). What does this physicully mean.?

© Aoy die 5 A Sl m AW D (g gl )l ol ABS (3-25) JSAR dyadd dashaiad 25
1600 (ralill Jalaay 10 kg ALK ¢ 02 A8 ull Gilad @AY Jalae 2mm 43S ja¥ Adis Jga
09— Latic & sy 13« $ @=100 1/ cycle 44 3 de ol <ail€ 13 48 0l das 20 « N/m
¢ Llee ) ey 1 ¢ ¢ =10 1/ cycle

c

- 144 -



AOOUNNNNNNNNY

fig.(3-25)

> The applied Force F(t)=m, ew’.sinwt , at ®=10 1/sec sinar=1

S F=m e’ =[EJ(0-002)(10)2 —0667 N, BN _ (0.2)+0)+0.81)_ 29.72
3 F 0.667

. B VO N = . S . ..
D 0555 5_fpall il QU!;,J_,‘”T>—— OsS Ledie yganl) Aldine e 0588 & al o ]

4
|
tble BaB @0=100 1/sec 3S0 Leaic 5 ¢ CSEGLYT Y Je ladll 4618
2
FI = In..e.cuz = (] 0)*(00(;2)* (]00) =66.7 N
-'-M=(0'2)'(]0)'(9‘81)0.294 N e ENLE
F, 66.7 F 4

AN Alslaad e Al slad ¢Sy iy ¢ B paina (555 g Aladne Alal 338 8 AS jal) o 4S5

o -{;”FN Jz [ (0. 294)]2
£ i [1 ] (ﬂJ h-(s2spf 3

1600 , o 100
0

=160 1/sec? . .r’= =——=0.625
o 160

rol iy AR 38 B yay gadlly )

. =152 , x=1.52 £ ]=1.52{ 7 |- 0,064
F/ Tk 1600

28-A single degree of freedom system has viscous damping , with {=0.03 , Find the energy
dissipated per cycle as a function of the energy in the system at the start of that cycle . Also find
the amplitude of the 14th cycle if the amplitude of the 4th cycle is 1.6 mm.

U_.!d‘.\SnJ_,J‘_)SIaM\ 4l L) .;;._,“ (Q-003)C_)]mtaahi‘,u_)=u)aubu,hu 28
. ].6mm.4.-.;|_)lla_”ﬂl4a.....-_ul$i.\.la)..c 4...}1_)]‘0_)))]‘4._)1.\5.\.1944}1:.:4“‘45&
sl

k
where @ =—=
m
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i]sa 27¢ =27(0.03)=0.1884 .. Do e? =™ —1207

X,

g <=1 ,.'.len(

X,

“. Energy at start of f:ycle=—12—Ic.vt,2 =(s.'ored as strain energy in ._spring)

Energyatendofcycle = %k.xf,

lh’-—lkx’
. Energy dissipated during cycle (ED) 27' 277

Energy ar stant of cycle (E)) .‘_j, x?
2

2 2
] =1_(LJ =0.3136
x 1.207

aaal g b e b 5a0se A AB) 63136 % s O o)

i=.J"_2=',"_3— ......... —x"-l___|‘207
X, Xy X x,
Xa = (] _207)'0 =6.56 S Xy = ﬂ_ = _]i = 0243 mm.
14 Xy 6.56
X

29-A 300 gm body is hung to a spring. 30 gm can stretch this spring 1 ¢cm. The logarithmic
decrement of damped vibration of the oscillating body is 1.4 , Find (a) the period of oscillation
at resonance.(b) the resonance amplitude if the amplitude of the driving force equals to 170 cm.

1 a 2adi pSa i palill i 8 o 230 AES cille ¢ yali b Ble o) 12300 WGBS pua— 29
aie o e (1) sl 1.4 2en 131 Sl Sieal puall e S allily aul adil
pmal 70 (55t 5 1 5 i) Amaall culS 1Y (4 ) oM 2 Amaadi() . 8

oY) o ail die dnidly (5 )00 el Gl s, =@, M s 23 65 Laaiedall

.
'_'5:2_”.3 ’.-_Bzw" where t, =££
@, 2r @,
“mg =kA k= me _ 30(98])

A

]
2 2

e = @ =AJ@2 2B =@, ]—l(—é] =m,1il-—l[1—'4—] =095,

‘ 2\r 2\ =

1 m 300()
=—uJ, = 1.053¢ ity =2r.— =2 =0.634
e = 0950 0 0 =275 " \30(981) e
9(1.4
v, = i= 300981 =99 rad./sec B=9( )=2.21
g Um V 300 2r

o1, =1.053(0.643)=0.667 sec

H
" 17
Sy - = m = 0 =1.78¢cm

LA 2 _ p2 2 2
SR IS TEN R I T
" A\x 4\ n
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-(3-6) JSEN Aigsell (il Alladl seluad 2a 4l -12

ks S8, —saall AN Uil ATl e luand) 2a i} 13
Dby el )y saall 4l GV scbuadl Sapa (3-7)
K Kp Jsl e

=it Caniall (5) i) e Alladll AESY Joic 2a 4 —14

12 =2 o ow gl b dagical

m
36 520 Omiia LaS 0 (30 0l dilaed) 22 S5 50 L 41yl macki€
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. A
anl——i 1 B i
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é o ‘ J
J7777€7ﬂ)‘, (
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W0 4838 nd 5 a 43 Fal Ao geaal g dad 2a g 15
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aSH 2 i Ae panall 29 5 () oY Ags (1) s
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(3-17) K2

28-Adamping factor of £=0.12 is determined experimentally fromits damped free vibrations for
the system shown in the figure (3-18) . Assuming that there is no slippage between the light
cable and the cylinder and that the is subjected to the moment M, sinwt shown ,

determine(a)the differential equationof motion of the system and (b)the amplitude 1XI of the
forced response of the mass m if M=10 N.m and w =10rad/sec

P
7 A )
7
5
Y, ¢
V
/]
7 0.4
7 (4 e 7 My sin ot
r
m=20kg _ )
& = 2000 N/m
r=02m
I =02kgm?
(3-18) Jsab
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