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A awlrudxm@-zs)d&&]\&,

e, o I3 Al Ables Old Alaa) Sy | ppiea Jilail 058 Lasie-]
Jsi g 323 anae (Isolation) Jjad (5% Alall 834 iy r=0 < lavie aa gl 4agd; Q3D
Ll 3 5ha Ala Ay ol Allay Alladl B34 Laudy r=] 0 sSS Latie Aled Lo W AN 3
Al giiall @l ) AN SRy Sieal (B 3 DD G r=oo Lasie W o clalad V1 (el

ar>1 Lalda &) g0iall 5 48l ol 3 LalS g r <] Lalla &) giiall 5 oal) a8 LalS £ oD s ol 3 LalS-2
e Ok Lage 0y o) S Ot 09Say Ban gl (5 5L 59 Jii s O r =42 Lasie U
£ aaad Jdle ) cug

iad e R ks Baa g 4 ghae LAY LS 00 Gl s £ Gl duad 3y 5 Leaie -3
ot (M8 hgal b gl JS Jioi g Lhes praal JaB ol VA juady

o8 (558 Sl Al 9y (£=0) 8 pamie Y S 1Y =1 Ladie oy ) Biaaga
It OSs (V2 2 1> 0) Ataal iy .iall e £ Y A cailidd 1Y) Al 23
A ) gazny Alal 330 6 Jniy 3 ¢ san gl (g LS IO (065 Cum asia e Slalas W)
oo A D 5 LS A ety Wl g o Baa gl (N Jaa g AMESYY Ji § pllae a1 e
AJEY) B LK aMal 53 6

Lo J 8 Cafll (5555 O gy ¢ agie Jad 055 (V2 < r s e0) Ladie (55 (3 Al yall Pla-S
Ay JA) oKy

3l lajd, TR:l

bl (Kt st e Y 207 Aol g g gl g LB (10 L 9o Ao phiiad LS pod) Alrlne g Lilieaf~T
il 330y 2l g aidpi gl A gunge M LEKS a0y ) saTs A ghiadd 838 RS S
3l (¢ 3ad 23 ga3 L2a 13U ¢ (sine-wave contour) (o sall JSEN 3%y 85k o & e
Ailsae ol jaly 3 galll ) iy ¢ € U daall Jalas 2atd g k Aalas ol (o Ao gua 5o m AES
AV pa 2A A asall (A hal oo ks oy et gl W) oy ALIS Baad 5 550 DA x
S s g 3 gail 138 g x Alnal Jgha (8 0 et iy 8 ) bl o L)
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—_—p
velocity(v)

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

mx= 3 F Al Gukiy dlld Laghidl 4 5l Wbas (e (Say
x A LN 413 o e hsg ¢ Vertical displacement(y)=Acos(ot) Amd ) st N1 o) Jely

Al AL At Aal W e Seaagy Al dad W
y=the displacement relative to the support=x-Acos(ot)

(4-26)JSEN Znaal) e glaiall AS jal Ablas gl Koy @y
d2
m;;;;-r=-k(x—Acosax)—c%(x—Acosax)

mx+ox — kA cosax + c(x+ w.Asinax)=0

vC k c . k
WX+ —x+—x——Acosax +—edsina¥ =0 @] =
m m  m

L =2mo ... @-73)
m m m

y=x—Acosax ..x=y+ Acosax ,J'c=jz—mAsinax ,;=;—w’Acosa1

...... (4-174)
tsle Jeani (4-72) A Al Alea d ( 4:74),(4-73) 0. sl

;X4 w?. (x -~ Acosawt) + 2§.m"(3}+ Aosnot) =0

S y-wiAcosat +wl.y+2.0,y=0

Sy 2§.m".)‘z+ wl.y=aw’Acosai
At b LAl e Sy (4—26) JEAIL el A phaiall A8 ol Ables Bidi (4-75) Aolaali

:lgll.‘dl SJ_,.-.AH‘JJGEPM alola sl 3_);:1--“-“
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A.r?
‘/il - rz]z +(2¢.rY
[ 2
the amplitude(X)= o (ZC.r) 4-77)

The steady state solution(x) = .cos(@! — ¢)......... (4~76)

where e
% - rz) + (2{.:-)2
1+ 2¢r)
> The amplitude ratio = % = +( ¢ t)—-——— ................................ (4-78)

J(] -r?) 4 (2g.r)

(4-26) %a shaially Oypsall (LABYAlaall sae i Al Aad W) had 350 a3l 5 8 o Sy
AN A (o (aad dsd DU Aad el (g ¢ 8Ll RS psn g

Ar;
Jo-rF +asry

SN Astaall e W AKSD )y da § elind) e 13 (alil 548 L8 el Cyad oS

Veux = 1he maximum value of the displacmen =

The variation in force in the springs = % ymax{P—;—} ....................... (4 -80)
:lbhaNa
2
Y=l I ADY e cad Al A8l Raas (A Sl 2y Ladie— ]

1-r?
Aanbuall 3 Ul L6l 3 el 6 peadnnd ADAN 33 eVl (I Jgiy (B =T SalS 132
(frequency)lasy 5 Ll Ala 8 SIS, 3 add 4llall
4
OB taa lte p oo Al A cilS 1313

@ @ Ar?
["z;,?]*wz ry=Ta=A

AN 8 8 eal B aelud Apaladl 23a g ailid) 5 ABSH £y AS jall Ll daldl A A Cua

OsSdlyy y=Arie== (I-r')=1 g laipear S lie—d

maximum accelerationof surface

Y= 0)2

n
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g3ll 5153800 gle dlglag Jilmo
1-A machine of 20 kg mass is mounted on springs and dampers as shown in fig.(4-27) , The
total stiffness of the springs is 8 KN/m, and the total damping is 130 N.sec/m., If the system is
initially at rest and a velocity of 100 mm/sec is imparted to the mass , determine:
(1)-The displacement and velocity of the mass as a time function.
(2)-The displacement at t=1.0 sec.
(3)-Find the steady -state response and the transient motion of the system , if an excitation force
of 24sin15t N, Is applied to the mass in addition to the given initial conditions.
(4)}Use the impedance method to find the steady-state response of the system,
(5)-Determine the frequency response of the system by means of its transfer function.

Jabnall g o 0 dlgay goad g e A0S ye 20kg LabS 4a8le ,a(d-27) JSAI Qi) da phiali-1

5 Aol 85 Tiun Reglalall S G ¢ 130 Nos/m SN a0al Jalaey 8 KN/m ad gill 1SN

* 100 mmjsec s dc po ALSH _dael

(t=1) el 2ic (gt Aaly 400 3 AtV da gl (2) O (o3 ANSS AXKN Ac ) a5V aa ) (1)

i e a6 il 598 o 13 da plutall § plally 5 sl Alla 8 Ayl A8 5a Aaiad 22y (3)
Ll I oy Aa slaiell sllaacall Agag iyl e 3 13500 AXSH e 24sin15t0 Akl

Uaal g9 o plaiall Adad¥) 23 5 20 gl (5) +Aashuiall 3l ddaiu¥) Sy dadladl 36k i (4)
Ayt Al

{0} di;u,ﬁl G e e

k/2 ¥x(1)

2edl pa ol P GV i g (27-4) JS2N

£ /8000 c 130
= X = =209 ol = = =0.1625
: \/; V20 = 20% =5 =50 a0

~Ew, =2000.1629 =3.25%9 0, =w, L}l—c2)=2 \/1-(0.16291:197'%

A GlEMal e de el g Aa) VY Slad San

i (4 cosw,t+A, sinw,t)

Lx, =e 3 (A, cos19.7t+ 4, sinl Ty 73 TSSOSO )]

VX, . =e

e ==3.257%% [4 cos19.7 + A4, sin19.7¢|+19.7e 2 [ 4, 5in19.7¢ + 4, cos197].....0)

WDyt a3 A Ral V) i 30(1) Alaal 6 slnaall AHSN iy Y ke

S WDy e A Aol B Al (2) Aolaall 8 AH5NT) Gy plall gy eailly
P TR P PN P BT et
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at t=0 x_=0 from equation(l) x,_= 0=e{4, cos(0) + 4, sin(0)) .. A =0
‘cat t=0 x.=100 mm.sec from equation(2)

5100 = -3.25¢° (0 + 4, 5in(0)) +19.7¢° (0 + 4, cos(0))

10
2100=19.74, A, =2 _507
19.7

288 de pudl y Aad W Alkae B s (2) Adtal e (1) Askaad L3 S 20 o e iy il
Ft LS el
~x, =507 5in(19.7t) mm
~at t=1 sec ,.x, =507¢7% 5in{19.7) = 507(0.0387)(.0337) = 0.066 mm
xc = [~16.475in19.71 + 100cos19.7 ]

o xe =€ ®[-55549415] = (0.0387)(886) = 344mm / sec
ol LS At Y1 Alilae A4S 0Ky 3k pale
= (4, cosw,t + A, sinw, )= Ae ™ sin(w f +0).cunneee.enn. (3
oYl 558 i3 Levic Ao phidll 3 el o5 el Ulad 8 Ao plaiall 4 ja Alpau) MaN(3)
e glalall 26 jal A0 ca gl B AELL AKSY e 24sin(150)
AN AN e Al (S 53y plad Jadls Laslagd (S 4SH 2ad 501

F
wxl)=x +x, ,vx, =X sintus —¢) K sin(cut—tp) ,
\W—rz} +2trf

2

"'rz—ai =E)=0.75.‘.xp = ; 80@————-—-Sin‘&—¢)=651nﬁi_¢)
@, 20 {10797 ) +(2*0.16250.75"
gt 7 201629075
1-r 1-(0.79

t bt LS The general solution pladl Jadi dad) oS, ol
oo x(0) = Ae7® sin(19.7¢ + 6) + 65in(15¢ - 29.1°)  mm

tede Seand AHNY Gy RY Suda
x(0)=0=Asin0+68in(=29.1% . ccviiiiriiiii (4)
£(0) = 100 = A(~3.25sin 8 + 19.7 cos8) + 6(15) cos(~29.1°)............. (5)

isb WS (A, 8) 0o S (Je dumad (5), (4) Oiiblaad Jayy
8 =1an"'(187) = 618° and A =331
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Sox = 33173 .sin(l9.71 + 61.3°)+ 65in(1 5¢ — 29.1°)....mm

o LS Uiy s 85 (S
6.0 5in 151 — 29.1%)
6r ,\(
.4 \ . ;
\

' Time, (sec)

Displacement, (mm)
o

331~ 3% 4in (19.71.+ 61.8°)

Ol An) Y G AR e gy (4-28) OS5
The impedance method 4aslaall 4y jay da shaiell § jiucl LYl Aai(4)
" the impedance of the system =(k —w’m)+ joc =
[= 8000 - (15)? (20)]+ 15)(130) = 3500 + 7(1950) = 40072~ 29.1°

A Xe a2 0006£-29.1°
4007229.1°
WX = Xe ) = 0.0066 1) e (6)

IM(Fe'™ ) 3Dl yie _um Fsin(ot) 38 58 el idaieS dal V) (i (6)Altad) o
Sox = Xsin(150 - 29.0)..mm AN ADLL Lgte g el (8 S Aa Y1 ol Sl
PN A0S A0 Allaal e Wadayd (Ser dashiiall the frequency responce 3 gl daiud] Sasy (5)

oy < X _ 1 _ 1 _ 5, 3
@) F(Jw) (K—a)2m)+ja).c [8000—(15)2(20)]+j15(130 025x107.2-210)

X
E(Jw) =02510)4£29.1°  Q the excitation force F = 24sin15t

. the magritudeofdisplacement isX = 24(025107)

Soor x = 60sin(15 — 29.1%)
2-A body of weight (w) attached to a spring of stiffness 0.8 kgf/cm has viscous damping
device. when the weight was displaced and released , the period of vibration was found to be
2.2 sec, and the ratio of consecutive was 4.8 : 1 . Determine the amplitude and the phase when
a force F=0.6cos2t acts on the system

Aiald aa lavie g3 ek Y Jlen 45 0.8Kkgflem Aalas s (3 Gl (W) £33y pasa =2
aa g 14811 o el Qe G Al Gk 022sec ol Gail O 22yl A 50
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Aaghidl e F=0.6c0s2t 58 i Lasic gkl gl 3y dand)

2
vt =2 gy 2R 2855radfsec 5= L=lnd8 15682207
w, 22 x, 1

2$=0249 o, =w,41~¢° o, = 2.95 rad/sec

o F=06c0s2t fw=2 r=—=——=0.678

%cos(ﬂ -9) : g—:—gcos(m -4)

-J(l —r2f + (¢ r) \f[T - (0.678)2]1 +(2%0.249%0.678)
rx,=1.179cos(2( - ) ..the amplitude = X =1.179 cm

= tan 2T 1 20209006T8) 0o L go3p g

1-r 1-(0.678)
3-Determine from the first principles the differential equation of motion for the system shown
in fig(4-29)for small displacement., Determine the natural frequency of vibration of the system.
Estimate the frequency for such a system when a=15cm , b=25cm , w=8kgf , k=6kgf/cm , and
¢=0.03kgf.sec/cm,

b _jpia dal Y (4-20) JSAI dipal) A planall Alalinl A5 el Ablea 48 gW! f50biddl (e 20 g3
a=15 cm L—wic 4_ashiall 83} ankall 50 5l s gl ¢ Aaphiall 334 ) FAY ekl s ol 39._3‘
,b=25m , w=8kgf , k=6kgf/cm , and ¢=0.03kgf.sec/cm

o) ass (4—29)‘_15.:]14 el A plaiall e i dall

x,=ab ,x1=ab ,x,=ab ,x,=b6 ,x:=b0 ,x1=b8

mx,b=—kx,.a-cx,.a+ Fsinewt.b

mb O+ ka0 +ca’ 0 = FSIM@I.Boueeerseeeeeeeeeeeesaneeeaeeeennns (1)

(4-29) s
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) and (1) laall (4

- ka’ cal - F § idca ] Tt
9+‘—mb2 6+ — ey 9———sm(au) ..................... - — 27w’ Z Lo
R s Jk 1/ [9815 =1627 rad/sec

mb )

15

"-f;=-—"—=2.59 rad / sec = cﬂ ‘a" 003( ool

2n Zmbw me b [—J(16.27)(2 672

981

wE=1, nw, mw1-¢7 e, =16271-(0.08) =161§ rad /sec

4-The T-shaped body shown in fig.(4-30) overleaf pivots about a point o on a harizontal
ground surface and is held upright , so that its mass centre G is a distance h vertically above o,
by two springs pinned to it and to the ground. Each spring has a stiffness k and its vertical
center line is at a distance c from the pivot o . The T-shaped body has a mass m and a radius of
gyration r about its mass centre.
The body is acted on by a force F whose line of action is horizontal and at a height d above the
ground , where d >h. Derive an expression for the rqtqtion of the body if the force rises
suddenly from zero to F , assuming that the angular displacement of the body is small. If the
suddenly applied force f drops equally suddenly to zero after a time to from its original
application , derive the equation of the rotational motion of the body for times ¢ , greater

O3S Simy g3 gee JSyy ) phas e (0) Jeaiall B8 Ty (T) e S84 e auad
o5 Ao S e Gliads Al 5 (0) S5 Adais e Lo gac h Ailis e G AESH K e
M,mmTrgn(c):«smjLs:Jw;sfdaq,kuquds&m‘uaﬂlz.&
s 8 bi e Fogll b cuad pall ¢ AES S 50 Jpa (Ry) U Garsull Al kb
O belnd 5 5 33 Lodie puad Jpl ADe 2 ¢ . d>h Cya ¢ oY) e e d gl )
5050 F 5yl 538 Camial 13y ¢ 5 _ppm aunll 35 30 Al W1 () Gad ¢ F el 3 jiad
A Soal sl Altes Bulim Aol Al (e (1) e B E se d skl B poalie S

() 0o S gl pual

(4-30) s
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Fd +mgh@-2k.c>.0=1.6

- 2 —
-~ 6+ [M}a: e )
10 10
.. the solution of equation of motion is |
2 —
€= Asinax + Bcosax +izdf where @, = 2_kc_1_m__g£:|
w 0 (]

TR - Fd
substitute initial condition fir 8=— ; (1-cosax)
. w1
5-A machine part weighing 4 kgf vibrates in a viscous medium. Determine the damping coefficient when a
harmonic exciting force of 305 kgf results in a resonant amplitude of 1.8 cm with a periodef 0.3 second. If
the system is excited by a harmonic force of frequency 3 cycle/sec. what will be the percentage increase in
the amplitude of force vibration when damper is removed.

4l g ) 558 200 Ledic 2adll Jelea aa gl ¢ g oy b Fie 4 kgl 0 4aSte (e ¢ Ja=5
Lo 5 48 45 6 ghy e phaiall O 307 1 € 03 seC (590 (o) a= 1.8 em i) A 2ie 3.5 kef
edl AN Laie (6 el ) RaY) e sal ) 8 4o 5id) Anal aa gl 3 eyclefsec.

:Jad
27 2& ©
=—=-"=2093 rad/sec ,.al resonance r=—=1 ,0=w0,
1, 03 w,
2
~k=mo? = 4—(22—9—3)— =179 kgf/em
981
F EE]
- theamplitude(X ) = k X =18m r=1.-18=L7

JU-r2F + (¢ 2
(=054 ;re=2{mw, ~c= 2(0.54)[%}(20.93) = 0.092kgf .sec/cm

A 30l 5 8 Ay pial) Auadl) (pased (Sa A0 Jep.s Lo i 5 ) 5 gl A ghaial o 0l e
ok LaS aaadl 2D Ladie 5yl ) AV

7] 67

=——=09
20.93

cw=21(3)=6r c.ps ~.r=
7

n

35
X =— 1.79 =1.975 cm.

V=097 +[200.54X0.9)F
AN ADLAN (e Aal alay oSas Al ¢ £ =0 Ol 2add 00 Ladie
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/St = 10315

(=P -9

. The percentage increase =

10.315-1.975
1.975

6-A mass of 20 lb is suspended from one end of a spiral spring , the other end of which is
fixed. The . stiffness of the spring is 50 Ib/in , Damping , which may be assumed proportional

*(100) = 4223 9,

: 1 .
to the velocity , causes the amplitude to decrease toﬁ of its initial value in four complete

oscillations, If a periodic force of magnitude ( 30 cos50t)Ib. is applied to the mass , Find the
amplitude of the forced oscillation. what would be the amplitude if the period of the applied
force coincided with the natural period of vibration of the system?

50 Ll il Jelaay ¢ Zade A gAY Algill 5 Soba il led aal 8 cile w20 AkS-6
5 .]]()J'J”u_uﬂ\u\@mdﬂbm_}dltamm;mﬂuiua_}uccL..a_,.adS.\m_sLi
&Lhﬂlu_lc,_ﬁ_'gi 30c0s50t ABally lgie ey 558l il 13 ¢ AlelSie g0 Aay 5 8 A5
553 2 5l ae At 5 el 3580 3550 CulS 1Y Anaall (580 13ha ¢ (5 a3 AV das 2a
Aashaall ol Ay
tdall
5 g 4 - 4L 4
vl = gVl ["—] ce .-.i=ln(1o)=z.303 =& =012
X

N1-¢72
X = ﬁk wr=2 ,a)n=1’5 i386: =31.1 rad/sec
-J _1—(r)”+(2§.r)2_ w, 20

30
=50 - r =ﬂ=].6] LX = 50
311 J-0.617] + 012161

*7 %o _,
" 20.12) 7

7-A single cylinder vertical petroi engine of totall weight 500 kg is mounted upon a steel
chassis frame and causes a vertical deflection of 3mm. The reciprocatig parts of the engine
weight 24kg and move through a vertical stroke of 18 cm with simple harmonic motion. A
dashpots is provided whose damping resistance is directly proportional to the velocity and
amounts to 1.8kg/cm/sec. Considering that the steady state of vibration is reached. Determine:
(1)-the amplitude of forced vibration , when the driving shaft of the engine rotates at 550 r.p.m.
(2)the speed of the driving shaft at which resonance will occur,

LH(@H)MLA&;S_P&?‘J&‘ASSOO u_)gi.l;l_,@a‘_)a.ﬂjh.u! L.".l‘.]d_,_)fl.ltrﬂ_);.n‘?

=037 in

“al resonance r =1 S in

resopance
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f gbS24 a5l el a1 (g e pad blaEe (Sl ol liag Cuad LY
Shevall pal o ddags 3 65 A8 ja s 18 Al Ld ) and) b plde A S jayy (24kgf)
deaa gl o e} ¢ 1.8 kg/seciom § faa g eyl o b pibia 2] Ao glie ol 3 Juatial
fiaaadl I FaYIERa 0
550 r.p.m 4e e 3y Lavic @ jaall (5t 3 Y daw 2ay (1)
LG Caag Ladie 310V dgee de u aa sl ()
| t b LS paall (e oSar-tidad

= A=3mm W =500kgf . —I=—3—166666 67kg I m

wstrok=1=18cm ,.. e =radius of crank-é— =9cm W,im = 24k5$

damping resistan ce = ¢ = 1.8kg / cm/sec =150kg / m/sec
2z.n, _ 27(550) _

vo= < =57.6rad /sec
60 60
24 2
F =m0 = m(0.0Q)(S?b) = 730.5kg
1Al AN e dad ) el G o)
*e me'-_- F — T m—re 730.5 —
2 1
e-mo” | +(co) [1 66666.67 - 95—09(57 6)2J ~[a80)57.6)F
5o X e, =6.86 cm
wﬂﬂbédﬂ\am n.,. o‘uh_ﬁw)‘@;gMbSJh‘ﬂdﬁa&}ud\-}gY_H
O § c.l:u K
w k
atresonsncer =—=1 ,Lo=w, =0, , .0, =.—
@, M
@, = ‘P 66666.67(9.81) =57.184rad /cycle ;v w,, = 2N T
" 500 - 60
2r.
.5718="T0m . =546 rpm
50 s,

8-A single cylinder engine has an out of balance force of 70kgf at an engine speed 350 r.p.m.
The complete mass of the engine is 180 kgf and it is carried on a set of springs of total stiffness
40 kgf/em. Find the amplitude of the steady motion of the mass and the maximum oscillating
force transmitted to the foundation. 1f a viscous damper is interposed between the mass and the
foundation , the damping force being 1-0kgf at lcm/sec of velocity. find the amplitude of the
forced damped osscillationm of thr massand its angle of lag with the disturbing force.

a_E<l « 350 cycle/sec & yaall 4o s 2ic 70 kef b5i 4 5 e 7 5 Ul gl 5 ke & jaa—8
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Soal A Lo ol a0kgfiom IS Lelelao ol g5 o Jangy 180 kel O3 o paall 46
S dan gl BB (g Shaai g 13 daun g8 (B G A5 5 g gl g ¢ AESD § el
gt Al aaal i3 (g sl P AV Aen 2o g ¢ T em/sec A die 1,0kgf eadl B 58
(Ane 3al) Ak gl 351 pa sl

w=180kgf ,k = 40kg/cm m_z"""‘- g)so)=36.6rad/sec

w, = ‘.._ = J4Et980] =14.76rad / sec r—£=36—'6=2-5
180 w, 1476
X =

\/(]—rz)z +(2§'.r)2
70

me co’ 180 2

14
M co [981]( 76) _L75
I-@sy] 525
A0EH Al (he dad dgng pae Alla i e gl B A giiall 5 gil s Sy o
2

" TR(Transmissibility) = 2 = 1+ @) at £=0

Fou i-r7F + @2y

TR = ! = ] 1=0.1905=]9.05% '.'TR:%

(,z -1) @5y -

=(TR)F,, =(0.1905)70)=13.3kgf

without dampingl =0 .-v F = mea*® = 70kgf

LA =

=0.333cm =3.33mm

palill g ANSH  2alal) gy Al

c c
ith vi damping int d g=—=

with viscous aamping 1nlerpose, d ¢, 2mo,
e 180‘ =54117=0.1846

14.76 ’

51470
"

F (180]

exi 14.76

M.o? 981 ( )

= 328mm

\f 1-r7) +(20r) \/[1- 25)] +[2(01846)(25)]
2.r  2(01846)(25)

A P

=-0176 ..$=998°
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9-An air compressor of 550 kg mass operates at a constant speed of 2000 r.p.m. The rotating
parts are well balanced. The reciprocating parts are of 14 kg. The crank radius is 120 mm. If the
damper for the mounting introduces a damping factor {=0.2 :

(2)-Specify the springs for the mounting such that only 25 percent of the unbalance force is
transmitted to the foundation , and (B) Determine the amplitude of the transmitted for

A5 500 ol 3o ¢ Aids JS1 550 2000 A die Jang plya 5US 550 S o gp Jatla—9
Syl Ll Jalae S 13 ¢ pal20 (3ad Jgee b Cinaiy ¢ ol a sLS14 LS 5 455 05
- 2= e phaidly

gl W oY) aand Agpaall 5580 (30 % . 25 I Ladie e plataly aulill Aed a4 ()
A 3 8l A ap g ()

tdal!
2
(@) o= 27n, = 2”(2000) =209.3rad/sec ,"~TR = B = vi+ (2§.r)
*0 FooJu-rY +(cry
2
co2so_ WHRODF o, 2093

Vi-rY +[202)F @, @,
s o, =81.12rad /sec v} _E ok =mw? =(500)81.12) =3619.2 kN /m
m

(b) = The amplitude of the force transmitte d = mew*
.. Fp =0.25F,, =0.25(14)0.12Y209.3)=18.39 N

10-A machine weighing 98kgf is mounted on springs of stiffness k=900 kgf/cm with an
assumed damping factor of {=0.23 , A piston within the machine weighting 3.2 kgfhas a
reciprocating motion with a strok of 6.25 cm and a speed of 2400 r.p.m. Assuming the motion
of the piston to be simple harmonic , determine :

(a)-The amplitude of the machine ,(b)-Its phas angle with respect to the exciting force ,

(c)-The transmissibility and the force transmitted to the foundation.

(d)-The phase angle of the transmitted force with respect to the exciting force.

3eedll Jale o b p—e 900kgfiem leldas ad 53 e 4S50 98 kgl L¢3y 43Se10
Ao pwy 625 cm b shey 43 5 A8 A o jaly Sy 3.2 kgf Lei)s Sl e ABS (=023
g () ¢ AL A (1) an gl Admpenl 5 38 a o ey Sl O ] ¢« 2400 rp.m
8 ail L 55 0 Al i(e) mush W Aliniall 580y A8 siiali(r) ¢ 5ELYI B L S35 D
b _yiaal) 5 53 ae A35iia
:dall
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)

(@) - the amplitude of the machine =

Vi-r2) +¢r)
=—2w=251.2rad/sec NN =%=Fzﬂ)=9oog_zmd/m
8681
o, =9492rad Isec nr=02 o065 =7 o= Tk 625
94.92 2 2

k2l

B IED ) 655]?

L9 =180-11.46 =168°54'as shown in ﬁg.(4—31)

F_ ,/1+(2g r)?
J( -r )’+(2§.r)

TR = __yi+[023)26s)F  _ 0.258 = 25.8
V=77 +[2(0.23)2.65)]
F, =The transmitted Force = F.(TR)= mewz(TR)
F, = (3;2)(6 25J(;:sl 2) +(0.258) = 165.96kgf
981/ 2
(d) - To find the phase angle of the transmitted force with the exciting force(a)

a=g¢-tan"(2¢.r) = 168°54’ — tan™ (2)(023)2.65) = 168°54’ —50°64' = 117°9"

kX

«©c lip-' F
‘ 168°54
VA X

mw X
(4-31)dsa
11-A refrigerator unit weighing 60 kgf is to be supported by four springs of stiffness (k) kgf/cm
each. If the unit operates at 640 r.p.m., what should be the value of the spring constsant k, if
only 15% of the shaking force of yhe unit is to be transmitted to the supporting structure? ,
where the four springs in parallel on which it is supported.
S 1Y ¢ (k) kgflem pg—ia JS Jalaa (o 51 day e e guin ge 60K Ly )y & 58 322 5—])

S5—2 e Jaid 15% Jan Lae Galbs JS (k) oadil quangib-MOr.p.mkdaﬁ'ahﬁ|

(¢) *> TR(Transmissi bility) =
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easS 5 penga (8 5 5T (o Alidia Gad 5 A Y Cim TS A puinga (B i gd F Gl
AN 3 ygead e S5 Ll skiad 403 6+ Aeyhiall 2ad 3gm g p3ud VoK 20l

~TR = rzl_l =015 = (7 -1)0.15)=1,r? = 1—1153 =7.67

or? z; = 2‘((5240)— 66.99rad / sec

ol = ‘;’: = (6'_5’::_9’)1 =585.1(rad /sec)’ - w? =% ~k, =mo]
~k, = (%J(sss.1)= 35.79 kgf /cm

~. k(foreachspr ing )= # =8.95kgf /cm.

12-A motor-generator set of mass 200kg is installed using antivibration (AV) mountings which
deflect 2 mm under the static weight of the set. The mountings are effectively updamped and
from dynamic test results it is found that the static stiffness and the dynamic stiffness are the
same. when running at 2000 rev/min the amplitude of vibration of the test is measured to be
0.3mm. To reduce this vibration , it is proposed to fasten the motor generator to a concrete
block of mass 600kg which is then to be mounted on the same AV mounts as before. Calculate

the new amplitude of vibration. ]

N B SV pde A4 5 Raniols (i) Caad] 200 kg LS A gana oy S o 12

Ao phially 3 oY) 3eally 35 Y LK AN ¢ Logd (SN (015Y) Jasd 3 2mm _Jsiag (ki)

o e g o Sadiply S Jdadd (e K (5 0 2 g Lagd ((Saadiad JaW pelis e g (2ai

Anid 8 5 35 Sy ¢ 03mm 3 5aYl Ance f oills 329 2000 £pan e e i guna)
3300053000 A 20 ¢ G A (LS 5V e B 5 38 A A1

=2
without damping ¢ =0 ..the amplitude X =L2
k—mw
. F F X, k-meo?
..X'=k—2 s 2=—? _‘—=———2—
-m, k-mo X, kt-mo

=T 2”(20000) =209.33rad /sec ,m, =200kg ,m, = 600kg

- <

. X, _1962(10)' - 600{209.33)’

"X, 1962(10) —200(209.33)
0.3

. XI = ﬁ =0.084mm

13-The vibration on the floor in a building is SHM at a frequency in the range 20 to 70 HZ, it
desired to install sensitive equipment in the building which must be msulated from floor

=3.58mm - X, =0.3mm
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vibration, The equipment is fastened to a small platform which is supported by sixe similar
springs resting on the floor , each carrying an equal load , only vertical motion occurs. The
combined mass of the equipment and platform is 50 kg and the equivalent viscous damping
ratio of the suspension is 0.35 Find the maximum value for the spring stiffness , if the
amplitude of transmitted vibration is to less than 20 % of the floor vibration over the given
frequency range.

¢ =S8 70 N 20 £ ol 25 die Uagey il 33 AS o b Ghse D Y 45 Fa Y AS adi-13
s Ay e 05558 e O Cua v G W ) Al e Al el salls Aubiea 5 gl Al O
Fmaa¥l 3Gy sl A )l o de guiaga el g3 Al Aaudd g3 Lifia g 3 e duaie §) Aalea
50 A aiall 55 gl ALSy i Lol 5 30 V) A0 Caras Cya ¢ Gyglda yali JS e
Al il €13 el D e bl Aad il 3a ff 0035 S £ 5 aesl Jalaay o e LS
cnal 2 (530 e Jef A YV ) T s %20 (Y say Jsiiadl 1 A

A

N1+@¢rY 02 .0=035 - (02) - 1+0.4972

=J(]_r2)2 oY 1=2r% +7° )+ 0497

+
5.0.04r° ~0.55r% - 0.96 =0 " r? =0'5—50—0(;6£ ri=153 or r? =—].5(neglect)
2 2 k
o2 @ 2_(40”)_ o2 e
Sr =-a—)? ,a)=2jt(20)=407f 60”—'—1—;3——1031-] ,.wn__?q

]
Sk, = (SOI] 031.1)= 51555 N/m) k(for each spring]=£—2§§—=8592.5 Nim

14-The fig(4-32) shows a diagrammatic end view of one half of a swing-axle suspension of a
motor vehicle which consists of a horizontal half-axle OA pivoted to the chassis at O, a wheel
rotating about the center line of the axle and a spring of stiffness k and a viscous damper with a
damping coefficient ¢ both located vertically between the axle and the shassis. The mass of the
half-axle is m1 and its radius of gyration about O is Rg. The mass of the wheel is m2 and it may
be regarded as a thin uniform disc having an external radius r and located at a horizonta!
distance L from the pivot{(O). The spring and damper are located at horizontal distance b and a
from pivot O ,as shown. Drive the equation for angular displacement of the axle-wheel
assembly about the pivot O, and obtain from it an expression for the frequency of damped free
oscillations of the assembly. Express this frequency in terms of the given parameters and the
undamped natural frequency of the assembly.

S (5 A8 5e el (Biai [ pae cheal il chaghdd Hhis puayy (32-4) JSAN-14
taally ¢ Gaflg (0) J—saia gl (3850 po (S gias) S0 5 (OA) (B sae ghiad (30 585
S e lag—ie JS ¢ Aabeaz Faaligk Aales adic jsaadl 38 e dad Jga 50 (YY)
Rg 4] 3y gl 35 jall Hhi ciuaiyml ) gaall ciuai ABS ¢ (Apbll) cadly Hsad G Lo gee
T balls, hici waigaliiie cagid (a8 Lo lic) (S m2 daall S ¢ O Juaiall Jya
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I sndly Alaad de Ganed dal W) Ablas 508 KN pa ho LS (0) Juaidll (3 (b,a) 2l

Gl s ce e Al Al b el i ADke Lgie 32 (O)deaial 4l (35 5a)
A€ 33¢) Bl Ll asekall el g Aa gheall o uiiall ADay

i,

S T e

Y
ptay abe bl b
y
M,
.
N[

~——
o

- . 2
1,0+ ca’ .0+ kb* 0 =0 where c=0 " w, = ’Ef— ,with damping &, = w,\J1-¢*

c ca’ ca’
S E—s———=0, =0, ||l -———| rad/sec
d c, 2 /kaI, ! \‘i: 4kb’],

15-A machine of mass 250 kg produces a vertical disturbing force which oscillates sinusoidally
at a frequency of 25 Hz , The force transmitied to the floor is to have an amplitude , at this
frequency , not more than 0.4 times that of the disturbing force in the machine , and the static
deflection of the machine on its mountings is to be as small as possible consistent with this.
For this purpose , rubber mountings , are to be used , which are available as units , each of
which has a stiffness of 359 kN/m and a damping coefficient of 2410 Ns/m. How many of these

units are needed ?
s Sl s A (Rae 3e) Lo st e s Apd ) 558 gt ol e L8250 LIS A58l 15
%40 a3 3 20l @il die Aany (Apa Y1) pdasdl (N JEE S AN B30 ¢ 35a 25 as
OsSs A6 338 e ld | SalnaY (aaall) Gl O ¢ ALSLaY B3 L st se il 30
Baal g JS (adad bae) o g JS3 e (308 55) Aadallae sabu g Jealudi i jall 13d ¢ (Sala il
¢ Zysladl las ol 338 e oS ¢ fia/ APl (552410 2edl Jeluay e /0595 L350 Jolas L)
tJall
glaUadl 2ol ot Lgie S50 Al 0 Slas gl 2ae o} G i
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k=350 Wim .k, =nk=35900") Nim

¢q.

¢=2410 Ns/m ..c, =2410n Ns/m

: k 3 '
w? = lu 359010° )} _ 00 4m Y. e =2km
m 520

-t = 4km = 4(359(10° )[520}n = 747(10° ) ,c 0 = 27.f = 22(25) =,
-t =24600%) L) %= 04 ,or? = [-“LJZ =[2'46('°4)] _ 326

w 690.4n n

n

cpeF_ @ a0
F \f(l—r2)2+(2§'.r)2

24100 356
N 7T T T

= By substitute values { r inequation(l) .. (0.4)2 =

n

1+44°% 7
(-r2f +ac20?

o1’ +642n_1146=0 .. n=+8 or -145

Thus 8 units in parallel will give specified attenuation,
more units would give less ststic deflectionbut more transmitted force

Cilas g il a4 glhaall Cilaa gl 22 )3
16-An electric motor has a mass of 15kg and it set on four identical springs , each with a
spring modulus of 1.8 N/mm. The radius of gyration of the motor assembly about the shaft axis

is 120mm. If the running speed of the motor is 2000r.p.m , determine the transmission ratio for
vertical vibration and torsional vibration

¢ fadle /5 gn 18 ks JS Jelae ad 5 Amy )} (e auiay o) 2 glS 15 GBS 5 € o jaam16
e il S13 ¢ i ala]20 dsead Hsan Jaa el de gasal duey ol A8 il Ciias
ceayally el 0 35 (e O A g Apuadl agf ¢ AR JS A 2000 & jaall (o

300mm

ad g Aad e i o1 € o gy (4-33) I8
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:0f aa3 Allal 338 5 For Torsional vibration ¢4l 51 3} 5 ¥} alla i
o=l ) I g5 Slatl 6 sy Jsiad (8 o5 shaw elST I e o Ly

LY M =<1,0 oY M =For=4kr0r=0krs0
4kr?

R 1(;..9-+ 4k.r’.9 =0 .- é+[

e [4k.r’ ] ) [4(1.8&15’(;[10’)] _ 750 (L

].9 =0 where I, =mR;

n

I; (15Y0.12)
2 (209)
cew=209 mf =022 o -(—— =58.24
“ ¢ w!? 750
-~ TR for: torsional vibration = 1 =-0.017
1-58.24

(=S4 g s salt dny V1 il 4l Zya the vertical vibration d JI 3 5aW! s -0
1o ans i g 3 g5 Al B 005 el lggle

k 3
cky =k ool =R Y e e 0 2
' m 15 60
2
o= 2{2000) 20%ad/sec ..r’= (209 _ 91 (rad/sec)’
60 480
.. The Transmisson ratio in vertical vibration=TR = ] ! 1= ﬁ =-0.011
— r —

17-The system as shown in fig.(3-34a) , consider the compressor weights 9163N and operates at
1800 r.p.m. , At this operating speed , undesirable vibration occurs when the compressor is
attached directly to the floor of a small building in 2 manufacturing plant. To reduce the
annoying , and potentially damaging , vibration of the concrete floor that is resting on a silty-
clay soil , it is proposed to isolate the compressor by mounting it on a square concrete block
separated from the rest of the concrete floor as shown in fig.(4-34a). The density of the
concrete in the block has been measured as 23.563 kN/m3 , and the vertical compression
coefficient Kc of the siltyclay soil has been experimentally determined to be

.= 20.36(1 O“) N/m® The geometry of the compressor leads to choosing a block 2 by 2 m

, and our analysis is concerned with determining the depth h of the .block that will yield a 75
percent reduction in the force transmitted by the compressor-block system to the supporting
soil.

¢ Ay / Al 1800 Ao puy Jangy (519163 O3 betlin oo (34-4) JSAN dipall daglalal-17
3 8 palae W e htliall ()5S lasie g8 g8 je e O 5] Al de ol 338 2ic
a8 el de gl D Aaia W 6 Y HANT Baa QD (i jaly ¢ Amlia aa g B ke db 2
€ Agapdall dga V1 (358 JSIN Ang pe () 5556) Al s Andd (§9d dniin gy Doz Ll e -
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Jalenay ¢ anSa e JSI (5900 $LE23 563 Al Agilu il AKSH A3US ya ¢ (134~4) IS A
o8 1000000% 20 36 39a A (NS g (lae) o yad S8 Al 5 58 3 5l K (53 pand) Jaiuzal)
A pllaall ¢ 22%2 by (Pl il adaiall ja) gad i lal pany JE2 0 GanSe e JS)
sl %75 Mgy e liall saeli (Do byl Jliy (o3 aulo il UKD Gand

sl

Asphalt
Flogg=-

compressor (m) sinwt
fifler

Concrete block(M

(4-34a) JS2h (4-34by <)

(4-34) s

Okl g Jib pe 5080 Ay il (B Cum ¢ M Al a0 AKSH QNS y m JacLall 3K o i i
oglaidl k palih @iy« the effective mass = m, o» A0S QIS ALK ) oSy il Jac

w3 N S M= AhS Canh agilu jal A5 Aalis Ak, o Jealay Cpn
& S
< the effective mass = m, =+ M= A—hﬂ‘l‘ TN where M .._.V_:ng-\__-h-,P
9163 + 2(2)(23563 ) : o 3
m, = 5 81 =(934.1+ 9601Th) kg .oeeorree e s (N

k=k,.4=2036(10°)4)=81.44(10°) N/m

.With neglect the damping .. ¢ =0
1

2
r° -

- the transmissi bility (TR)=

"* the reduction R in (Traansmiss ibility)= R=1-TR =0.75
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~TR=1-R - 1_ =1-R .-.(1—RXr’—1)=

ri -1
: g b iy, 1 _1-R+1_2-R
1-R "’ 1-R  1-R 1-R
2-R 27(1800 . G
@ = 7( ) -;,,‘S' B84 (15 rad
w, VI-R 60 ¢ Y9340+ 9¢03.7), Sec
-0, _ 2x(1800
2220 0 e, =2 { )—3415 rad | sec
@ 1-0.75 224 60(224)
~h=11 m=36lfi

w=103.7k ) 23 (1)aJdaall A h ded (e imy gaill omy g Agilio alh ANSH ) 5y Sl (S Wl
18-A machine weighing 2001b is mounted on springs of stiffness k=4000 1b/in , and dampers
with a damping coefficient c=218 Ib/ft.sec , the unbalanced rotor produced a maximum vertical
force 80 Ib at 3000 r.p.m. Determine:
(1)-The damping factor. (2)-The logarithmic decrecement. (3)-The natural frequency ( 1))

(4)-The ratio of any two consecutive amplitude (5)-The transmissibility (TR)
{6)-The maximum transmitted force to the foundation
(7)-The phase angle with respect to the exciting force (¢)

¢ k = 4000 1b/in ag— (ALKl Jalasll ) g3 o de gon 9o 251 200 ST Leo )5 22SL~18
80 (5 3md dpud H 08 iy (e e hg2 Legle ¢ =218 Ib/ftsec pd (880 deddl Jalas 2al a5
(8) ote s aBlili=(2)  .2adll Jalaa (1) 1 30001p.m - As e b

ol G 8 (3 Rl (4) () omalad 20 590-(3)

5 otall 580 Lo 555 a0 Logh M(6)  Juwgh W Dgiias i aadi-(6) (TR) Ldsiiad~(5)

Ve, -( 1’400032 21{12] =87.9 rad/sec ,w=—(§g—m—) 314 rad/sec

1 Jalt

3 a0 == ——2(72(-)1-‘L— 0.2 %)
122
_ g 2ml02) e )
R N
o f =P 879 1300 HZoeeeesereee, 3)
2n 2=
- the ratio(—x—'] =e? 2" =36 (4)
X,
2 2
__i0ery 1+ P02)3s7) = 0.151=15.1%..(5)

CJU-rY sca) J[:(s 577 +[202)3.57)

the max sransmitted force(F, Yo f0 foundation
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S AF) ) mae. = FATR) = 80(0.151)= 12066 Ib...oonnerrrrernrcerernecnsisrsceenarans 6)
~.the phase angle with respect to the exciting force(g)
2(0243.59
180t 267 yggr - 2020059)
1-r 1-(359)°

19-The basic element of many vibration -measuring devices is the seismic unit , which consists
of a mass m supported from a frame by a spring of the stiffness k in paralle] with a damper of
viscous damping coefficient c , the frame of the unit is attached to the structure whose vibration
is to be determined , the quantity measured being x , the relative motion between the seismic
mass and the frame. The motion of both the structure and the seismic mass is translation in the
vertical direction only. Derive the equation of motion of the seismic mass, assuming that the

structure has simple harmonic motion of circular frequency @, and deduce the steady state
amplitude of x. Given that the undamped natural circular frequency @, . of the unit is mutch

greater than , show why the unit may be used to measure the acceleration of the structure.
Explain why in practice some damping is desirable. If the sensitivity of the unit (that is , the
amplitude of x as a multiple of the amplitude of the acceleration of the frame) is to have the
same value when @ = 0,2@,as when @w{({@, , find the necessary value of the damping ratio.

G Jlema) ol sl B3a s 52 I FAYY (o 8 362) e S 1 juaiali—19
e L ek el i A gy (A ) Sl e Bk m RS (e (558 1 (Y M
x Ol A€y @) ) 3] o guanall potially Ainke gl JSia ¢ (0) Az W 203d Jelas 2ala
Sle—al RSy (Ao shiall) 283 e JS A8 ¢ JSuelly SN Slen ABS o Al A< a0 8
L RS ) i MW Slea) ABSIAS o) Allae o) b ol 3BT (0S5 N
OS1Y ¢ B0 sl Alal L Aadl 7Tl 5 @ (550 29 (s.hm) Uasy A58 53 38 ja &) jaTs
=Sy Dl g — @ sl 230 Ge LS S 058 Baa sl aad (5n papdall 20 s
sl 3ail Gany 058 10 8 - (S) fetial et Gl (51N el a5 Jlaxin
25 (Sl Junaill Aall Slicline 8 x Aaadl (1) 528 5 Asnibias ClS 1Y ¢ Ulae (gt _sa)
€ 30s) A &gy g el il 3n g (0, (155 L = 020, Al ot

¢ (x';-x"3) k (x;-x;)

=180° - 6°89' = 173°I'

X =Asinot

./
IOV W bl Slead (eualu) eaialt (36-4) S50

- 203 -



D% Ao g x2 Slead 53216 Aal 3y x1 LS al ) o i o x A RV SV o rm i
s siibe

LX =X, X, WX =TX2=X1 , X=X2=Xlewuegerrue oen §))

. the equation of motion is mx, = k(x, —x,)+ c(x‘z— X, )eernn (2)

fO iy (2) Aslaad (1) asgaillyy

comx+cx+ o= mx,
VX, = Asin(au) »X; = av cos{wr) ,3:: = —w’ Asin(wr)
Somx+extbx = —mw* Asin{w.)

assume x =X, sin{@l + @) X = alX, cos(w! + ¢) ,; =-w’ X, sin(ws +¢)

the equation of motionis —w’mX, sin(a)J + ¢)+ kX, sin(a).t + ¢)

+caX, cos{@s + @) = =M@ ASIN(D1)rvoreeeeeeeeeeseeeeerenae. @)
2
iy ey
s the amplitude X | = i 4 = k
\/(k—ma)z)] +(cw) l_m_a)i ’ +[2§.ma)”a)
k k
r‘a.
R G R 0

o \/(T -r’ )ﬁ%’ ry
~Jfe Yo o and X, =14
.. the acceleration= w* A is measured
s.as r increases ,(] ~r? )2 decreases but the damping term

in the denominator increases to compensate.
. . ) 2.
Sl S g0 da J.A:'JL.I uau‘_, ?Lh\n._l .J_,:.L_,‘J‘ e)_a.“ QS]_, Jo (l—rz) chéor oy Laie
3 s e (agsadlly 1=0.2

2 A =1 and [1-004] +4°(004)=1 £ =07
(l—r ) +(2C.r)
20-A two wheeled trailer has springs fitted which deflect 12.5 cm. under the weight of the
trailer which is 600 kgf. Dashpots are fitted between the rood wheels and the body such that the
damping is 0.3 of the critical damping. The trailer is pulled along a rood with an approximate
sine-wave contour. The distance between successive peaks is 18.5 meters and the depth
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between peaks and valleys is 6 cm. Assume that the wheels do not leave the ground and that the
tyres are stiff compared with the springs. <

(a)The equation of motion of the system.  (b)The steady state solution

(c)The amplitude of the vertical movement of the body of the trailer.

(d)The maximum value of the displacement ‘

(e)The displacement relative to the support at time (=] sec).

(NFind the variations in the force in the springs of the trailer if it is pulled at 80 km/hr

g ey (600kgh) Boshial o5y 58 H st 0w Gads e 180 laas s slie20
dgo—ad i aall Jelae 030 % dead) Jelae (558 Cung b skl pua g Oilaall G 48,2
¢ o JS 2y (cose-wave contour)alaill dypa akiliall g3 35kl Job Lo s 3 shid)
O g ae e 6om il Angec A iy et Baadl 5 18.5 em e (el o Aildl
=2 da gl ¢ Lo gilly iy g8 La 1Y Bala 585 O aal (5 Bohall A JES 5 ghidll clac
5oshial aua 3 Jia) Zoul Zund Jl Aaulz)  Bfiadl Alad b Jall () A phaiall A8 mll Alobasf])
Al 1 ey i (e shaiall) A8 AU Ll An S 5) - Aad D0 Aas ()

80 km/hr e gy cusnsd Ladie ) ghalall iad 5l 558 b adladl paal 3a ()

:dall

L\ 2

!
Hid

T 3o Ls:'.)‘\’ UL-.(LSJA) ) phate :ts.):c'u.a_’._: (37‘4);&&“\
Let the mass m be sup ported on foundation and let the

Sfoundation  be subjected o the vertical displaceme nt Acos( w.r)

,'.'m;=ZF

(a) .. The equation of motion of the system s

mx=—k(x - Acos m.r)-c:—’(x—Acos w.1)

4 ci-

Sox+ —(x~ Acos m.r)+~[x+Acos m.t]=0
m m

x+(x- Acos ws)+ 2§.wn[£+ A sin w.t]= .............................. (1)
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To find the steady state solution

Let y the displacement relative 1o the sup port = x—- Acosw.1
Lx=y+ Acosw.! x-y Awsinw.i ,x-y Aw COSW.I......... (2)

Ly 2w, y+ wl.y=w’. Acos(w.1)

= (b)The steady state solution y, = cos[w.r - ¢]......(3)

(-~) +@ery

.r
_rz

where ¢ =tan™' I

A,fl +(20.7)

(¢c)y. = the amplitude of vibration =
-\[I -r (24;' r)2
vr=2 w=2nf, .f. =—]- Ay =L EM—OSZ‘ sec
" ‘0, v 80
" f = I nw=2x.f, = =27 7.54 rad /sec
T 0.83 0.83 ’
k __W_zlﬂ)-o—-%kglcm
5§ 125
w, = 48(981 =8.85 rad / sc .'.r=-7'—y4—=0.85 ,coA=3 cm
600 8.85
y = 341+ [2(0.3%0.85)F
© -85y +[2003%0.85)F
2
-

(d)The max .value of the displaceme ni(y., )= e
Vi-r1f +@ery

2
ELCE) S Y g

(e)The displacement relative to the sup port (y,)ar =1 sec

v P= tan™ 2§.r2 =tan” 21(0 zOXO 8)?) = tan™' (1 838) 61°45'

1-r

Ar? .
cos(ws — @)+ @ = 7.54rad I sec

et \/(l—rz)2 +(2§.r)2

=3. 73005[7 54(1(] 80) 61°45'] = 3.73cos(370°78')

b

Soat t=1sec
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¥, =3.73(0.982)= 3.66 cm

(f)The variations in the force in the spring =%y k= +3.7348)=+179 kgf

21-The boat shown in fig(4-38) are being pulled over an undulating road at a velocity (v)
Thecontour. of the road is such that it can be approximated fairly accurately by a si ne wave
having a

wavelength of L=16 ft and amplitude of A= 0.8 in. The total static deflection J; of the springs
and tires of the boat due to the weight of the boat has been measured as 1.8 in. Assuming that
the damping inherent in the system is viscous in nature and of such magnitude that £=0.8 ,
Determine:-

(a)The speed (v) at which the amplitude | x| of the boat will be a maximum.

(b)The value of the maximum amplitude reffered to in the boat .

(c)The amplitude when the boat is traveling at the speed of 65 m.p.h

Aol A pal) JS8 335 Bkl o v de s e (38-4) JSAL Gudl oS 5d-21
ol KN Sann) (AU clini) ud ¢« Ay 0 o8 Lgnass o6 16 da gall Joh Sy
Apy 158 b S pall A5y dagi o el U

—taagl ¢ 0.8 =C 2eal Jdle gz F 2ad gn Aephiall aedll o)y i ¢ ey

ey Lo 8 I el S el [x [ Aasdl Laie Ayl (1)

oS pall Anad Aliinic dagh uadi()

Acla 80 e 55 Aoy e oS all Latic aud(z)

AN

I I1 /
1 O I
--.»-ir--*-";': ":\ = e ‘\‘ /'"
s A r—-—f 3
L~16ﬂ

», o
Y Lo R . S - LY ,e.__. S

L =16 ft Lok da ga o (v) 4c o g S jo grin g (4-39) S8
y=A sin (0.t) A0 AL Ao il (Se sl oual asdl Aabic g o Ly
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-+ Thewavelength(L) = v1 -v{z” j 16 fi
@

" the exciting frequency = a)__._ . J_ ’ ‘si
o, =1ﬁ_88§ =14.64 rad /sec

. s @
cat maximum amplitude r=—=1 " o=w,=14.64m_

wN
_2() =14.64m/ ‘;’: '4‘;4;'6) 373 fi/sec=2544 mph..()

(=008 ,r=1,|4=08
-G _osivEwoH0)
= The maximum amplitude y . =—A——1+—(2—€il—= 0.8y1+20.08)(1 =5.06 in
,(‘ _ rZ )2 +(2{r)2 2(0.08)(1)

3 b 20l dgai o Jaadl ¢ (v=65 mup.h) eyl die S pall Lgr w3 el SaY
w 65

Tk LS (5685 ANl
A+ )
=2.56 v M =
w, 2544 \[(l—r2)2+(2§.r)2
0.8y1+[2(0.08)2.56)F Bass o

\/r (2567 [ +[2(0.08)2.56)F

iy '—)i e 0155 = 0.19(the dimension amplitude ratio)

14 0.8

22-The system as shown in fig.(4-40) represent a simple model of a device supported on a
springs of stiffness k and damper with adamping coefficient c, this model is mounted on a
track. If the track vibrates according the relation y=Asiwt , Find (1)The amplitude for the
model of the machine (2)The force transmitted to the model.

¢ Addue 2dld g k el ads Je Jase Jead buasa zigai o8 (40-4) SN el da ghandd-22
dd}uﬂ{,ﬂﬂ_y&!ﬂ_ﬁﬂﬂ@h_’lcy Asm())tmm L_)C-“JGL.IS_)AJ

oy=x)

k
y
y=Asinol
(b} (©)

(4—40)Jssd
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AN 5 peall e 48 pad) dlilee A4S Say
mx=c(y-x)+k(y-x) - mx+cx+ix=cy+hy
v y=4 sin(ws) .y =w.4cos(ws)
LM X+ e x+hx = co.Acos( @)+ kA sin( wt) =
= co.A sin(a).t+%)+kA T (1

il 5y SN e my iy (4-40-d) JSAN LS Uil (1) Aol pad) ikl JAG ¢Sy -

1Akl (2) ANy
Fy = A\Jk?* +(cw) sin{w.t + ¢)......... b s e (2)
Jrom (1), @) mx+cithe = Ak +(ca) sin(@l+ @) 3)

o8 oalis e any e al AU ASe )85 e ghaiall (o ety (4) ¢ (3) Aslaad A jlia
S X 15V Aaa aad )

X= F I L G (6)
-\/(k -m’ )2 +(ca))2 .\/(k—mcoz)2 +(ca))2
- |Fy | = VXY +(caX ) = Xk +(co) = afericol] %)

\/(k ~mo? ) +(co)

:aks gals

AZ(A-X) Jamasy Al @, <o il €13 ¢ Al 0 <l ) 51 Oalil Sleall 138 Fie iy 3
Zhi ) S gVibrometer Allali 338 4 leall camny ¢ A(Phas) iy e B (A-X) 555
AW’ 5 3bs Cu Slead 138 (e dlsal

i (A-X) B R D) S Al G 3 e (0) b5 9 e Jhoria (S
(Accelerometer) Aall 838 & oy (A0) ps

23-The system as shown in fig.(4-41) represent a simple a model of automotive has a mass in
supported on a spring s of equivalent stiffness k and it is moved along a road with an
approximate sine-wave contour. Determine the unconvenient (or unsuitable) velocity. The
transmitted force to the automotive.

leLebaa it 55 o 38 pa m LS 5 jland Tassas 3 pai i (41-4) JSIL Al da phiial-23
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s ;‘leul-‘u).ﬂ-\r-g!‘ aagd ¢ L el JS2Y Al Bk e et Aa gkl 8IS
B _keall A0 gl 3 gl 2 ol WK, LD
X

(4-41) s
uu:‘..__l:..a_“ u_)_,JLaA} c.n_,i_)n:\m:u..m(ua_)‘ﬂ) @Jﬂ‘chuc.awl.{u _)U:Y‘ G Ui
TN A om0 LY 8 (s.hum.) Ay 488 5 AS A O jaT 5 bl
. 27 2m 27w . [ZIE.VJ
y=dsinw! , C@O=z—=——=—— , . y=5In b
l, Liv L L
tok S 2aadl S ga g paad 0=0 (o Sy (7)e (6) Oitblaall B g il
Ak’ ? k
- +£‘w) - ) OO Q)
.J(T—mmz) +(cw) l:k_4m[ﬂJ j,
L
Alk? + (cw) ’ Ak
o |Fyl = [ ] 1Frl=+ e e (2)

\/[(Ek -me?) + (cm)z:i

Lo (2) abiladt e A giaddl a5 ¢ (1) Ablaed (e 230 plud) o Jguanll (Say iy
15 T 23 5 (s et Ledie Gunmg (B g 0 M Ao g AaDhe pall o Aalia il ds ol

O, okl 1.\3_)35\c_nm a2 5
L@, E@ S — =

. . L |k
.. the unconvenient velocity = — [—
m 2rYm

24-A steel frame as shown in fig.(4-42) support at a turbine-driven exhust fan. At a speed of
400 rpm , the horizonal amplitude of motion is 4.5 mm , measured at a floor level of the fan. At
a speed of 500 rpm , the amplitude is 10 mm. No resonant condition is observed in changing
speed from 400 to 500 rpm. To decrease this intolerable vibration, it is proposed to add a
slabof concrete beneath the turbine. What would the effect of this added mass? Estimate the
amplitude of motion at 400 rpm , If this slab doubles the effective mass of the structure. What

happens at 500 rpm.

k 2xv
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400 4e yu die g ¢ pile A g e D Ay 5 Ale A (4-42) JSA uallS lall (e JS0-24
2oy R g gl A a5 ione 0 Randl i ¢ e 45 A1 S ad A O 22y A / 0
= 400 (o Ae ol jaid e iy SaagY A3 Jaa gy ¢ aal0 el ) 229 ARy /A4 500 Ae
LS ) AL adla) p i o ((Jaa¥ g B ) Sl el e i, ¢ A3y / 341 500
13 A iy / Adl 400 aie A8 jal Amaf camal ) o8 ¢ Lol ABSY 0L LA 0 Jiud (Asba s

C Ay /Al 500 Aeyud (5S5 Ledie ooy il ¢ (Ra phaiall) duS Al Al ABSY il

System Deflection (§)mm
10
| [f=68]
5 H
(bSLIY asle 31 S 2 4 6 80° 1 pm
(4-42) J5h

b Ol (& Bl o M g s il (g ¢ Al Ao pu Baby 5 ala 35 Al Y ki 2 Jall
O lsa i 156 @, > 21 (50060 o 5} ¢ A—Bhs /31 500 e S Ao judl 4S5 Lerie
2 )3 Ge JS Ao LiSay 4018 ¢ (4 - 42d) SN (el el o lead B o il il il glaalt
UGN daldl Allaa g (M/m) SRESH G Al Slag) Bl 0, = 0 Leaie (5} =1 Laxie ()

"’e[_‘i]z me 3 [LJQ
Mle,) T oM 1|\,

: @ 1—r? " me X ! :
o, -]

where 2= @ X, =45mm =0.0045m @, =400 rpm
w

(2]
.M ] S

R dranyT prrav S A1)
'"[ 7. ]
val X, =10MM =00lm ,o,= 500 rpm
(=)
%: 0"0] f;oo .~ ( 2)
: ‘[n]
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L= syl (S, dad dad day g (2)Asaally1) Wolacd 31 glussy S5 £,=681 pm ) oSays
M/me)=117m" o 228 (2) 4 (1) cuibiledd (s} o
OV Bally £,=483 rpm ) a5 yiay gailly LG [,—J:,S =234 m™ o ) S el Lavie o3
g &a_,.ln.uﬂu.-._uhnn_)ﬂ] dli:n..l_,u:\m‘ 351...4! O e '_»:IS AL:_}'AOOrpm KT PR |
O gl ©=400 rpm « (M/me)=234 m (e (1) Qoladll & gl

| (400)’

1 4
X = 8 =93 mm

234 - [400)

483
O Gapa ABAYVARL 500 N 400 e I de o e Abdlaall 2186 s Jadaall (e A Jasdly
A1 L —Loaad 8 A gl 5 Dad clas ALY 138 5 ¢ A88YAGL 483 dc puw 2ic a5 ) Alts
B g ya yalg ds@all 4y Asghaiall pandalt so il jamdas] ollA dadig Aol Al 1S Load
/A4 250 (S8 (N Juad o A 5l Ae e of Cuny (sala)ouad cuilS ) FaYl o (ash)
bl s g e e BALEBLYY pae B S Cuaty Cua 8ldae 4580
25-A small motor driven paint compressor set has a mass of 30 kg and causes each of the four
rubber isolators on which it is mounted to deflect § mm. The motor runs at a constant speed of
2000rpm. The compressor piston has a 60 mm stork. The piston and reciprocating parts have a

mass of 0.8kg , and for the purposes of this problem , the reciprocating motion of the piston can
be assumed to be simple harmonic. Determine the amplitude of vertical motion at the operating

speed . Assume the damping factor for rubber to be £=0.23

ST AR g ¢ aaS 30 h&ms,mwy(uum)umy_uaﬂﬂmd —25

sl ¢ 488> 231 2000 43l Ay Mo ey Jaeliall ¢ pa8 b jaie Blaall (1o adad Zay Y (e

el A S gall o (g g o paf 08 A et el JaV1 5 puSall ABS ¢ as60 Jatliall yuSa

Jale ¢ il Jaanill Ao o die 48 jal A I Ansll 2ol ¢ Unguay 4l 6 38 o (b uSal
£= 0 23 Jalhdl 24l

:dadl
_ 27(2000) _ k JE 9.81 y
—————"=209.33 rad @, == T = J—— =35 sec
60 09.33 rad/sec \J 5 = Vo008
2 20933 _so0 o Stork) 60 s

@, 35 2 2

m [%i](m)(sss)2 .

M B — —— — L ————— ——a 082 nmm

Ji-rF oy - GosyT + Ro2Yss8)F
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26-At measuring the amount of vibration of a machine by a measuring instrument without
damping , it has found that the relative amplitude is 0.003 in as the natural frequency of this
device 400 c.p.m and the machaine rotating at 120 r.p.m. Find the displacement , the velocity
and the acceleration of the machine.

Gl A ab W ) 2 a b dealt paae bl Slea Adaud g 2SLa) ) AV jlaie (uld 2ie 26
e e Sl g ¢ ARy JS15 55300 Sleadl g (prakal 2 il )y a5 0,003 La i
¢ 20,SLal) Aloall p Ao pually Za W) aa gl ¢ iy JSI5 590 120 de

sdall

" withoutdam ping { =0 ,r=—=-~—=03

2 2
Ar . 4(0.3) 1=0.003 . A{amplitude )= 0.03 1n

ST 0]

= v(velocity )= Adw = 0.03[2—”2—]02—0)J = 0.39 in/sec

.. accelerati on(a)= Aw’ = 0.03(4x) =4.7 in/sec?

27-A box with a mass of 45 ib , suspended from one of the free ends by spring of stiffness k=60
ib/in , the other end of the spring fixed on the upper surface of the box from inside as in fig.(4-
43 ) ,if the box laied on table which vibrates according to x=0.04 sincwt . Find the amplitude of
absoulte mass motion.

Aag J S gl 60 Alalaa il 5l Blgdl 8 dlaa 2 45 «msdu 5 54 (B g2ina—27
S 13 3 ¢ (43-4) JSAR e WS (§ ginall Aol (5 shall pedasdly didie el (5 AW Aled
ALCH dgth ) € :L-.u.\.:._,‘ « X=0.04sin(4t) iDlall lad jigh Baaie (998 § guia e (§ gdinall

L\ x=0.04sind41

: AN
(4-43)Jsld

’k H40(386) 2 16
=0 =4 = [— = =185 d/s .. =——=0.047
é‘ )a) Ba)n ™ 45 ra / ec r 343-]

d=ooa -y oAr _(004)0.047) 000187
T T T 1-(0.047) T 0953

< the absolute displacement(x,)= X , + 4=0.00196+0.04=0.0419 in

=0.00196 in
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28-By measuring the vertical acceleration of the underground train (tupe) which has a vertical
frequency of 18 rad/sec ,A special instrument as shown in fig.(4-44) is used for this purpose ,
which has a weight of W=0.7 ib and the stiffness coefficient 140 ib/in .the amplitude of the
retative motion is 0.06 as has been recorded by this instrument. Find the maximum vertical
amplitude for the underground train. : '

s Paiiuly 18 rad/sec ol 205 3 A€ ja I BV 5 il Agud N Aaall (el 2ie—28
140 1b/in A il Jadaag w=71b Jleall &S )5 Cus (44-4) SN (pallS Al als
el g ddae e G dal s g ¢ Slead Ldaw LS 0.06 in AKSY pill A8 50 Ay
.y

tJall

( ’140(386] = 87,86 rad/sec co@=18 radfsec ,r= 8’;886 =0.205

= - without damping ¢ =0

\/( —r ) +(2§'r)2

F

(4—44) S
Ar A(O 042) =006 A= M =1.37 in
7T =) 1-(0.042) 0.042

.. max imum acceleration = Aw* =1.37(18) = 443.4 in/sec
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Aol el 55l0

OSN30 s gay ad s e A8 e 46 kg LS (4-27) JSATL AallS 4800500 A glaiam]
Al 85 e da kil CuilS 5180 n.s/m ISV seal Jalaey 12kn/m SISH adih Jelas
Atellae oy dal ¥i-()) aa s 150mmisec \a_p8 Ao ju AKKY el A (initially at rest)
A shaiall 48 ) e 2a g—(z) A 2al g 3y ABKN Ao g da) () oY (6 AN
the steady -state response and the transient motion of the system 5_ytall 5 3 _fuudl Al 3
slanall Aol Cagpdall N ASLaWL ALSY e 1540330 sin(101) 5t 368 <o it 1Y

81a o SIS 13 4 (k) kgflem Uil IS Jalae (iadd 93 SO0 e Al 30 kgf Lgs g D ban 572
858 5el 0% JED Levie (s JS1 (adil Culh k dad 2yl « 580 rpm Ae ju e Jasd 3y 5l
(S piage) S A paiaga ) Y

0.7 kgfom 1ol Jalaay 60 kgfiom Alelas (ais 5 80 kgf o539 A8 e 555 Ao plaia —3
2ag 8 cem/sec W _aie Ao pu Ao ghiidl bl 13y ¢ Al 5 i Ae glaiall S ¢ sec
() L anly o AL Ao oy Zal Y aa () ¢ el B AN ALY Aoy 2al 3 (1)
20 AL Lgie e 5 il 55 g8 ALY e o 3013 ABST 6 i 5 b _plall lanal sl
' sin(18t)

=ala @ aal &5 s s (1) JSAI Aigaed) A shidll—~(1) —4
(m) domall g i sl of 321 ALy (M) A 40<) Akl
(e) Yo 5Somy il e Al )sall ABCH oy AL
(k) (AAS) L3531 39) SN Lelalae (il 53 o S ja o ol
> 3a gy de ghiiall AS ) Alblas pdiiad . (c) A 2eal Jalae 2ala
(1y s (e )ds, 5 23,23 O L g5 s SHENT 5V pain pa (e 22 51

o ALY 5 0.2, A il Jule 5 800 kgflem Ualas i o 48 50 68 kef 455y Ste()
O el 62 em A edall Jsh 3 M kgf 455 puSall ABS 4 o ndl e sl cad
a2 gl « 2000 rpm A o e Jary & jaall (S5 ¢ (s.hom) Aap i 5 A ja Sl A8 a
ot il 5 gall 5 A 50l ~(3) . VY 548 Ly 55 N Ayl H-(2) L ALSWN e (1)
B! 5 g8 pe Al 5 g8l L 50 W gl 0 4) . s

e At A aal Jolmesala gk At a5y m AES e 685 (2) JSAI Al A slandi-S
phadl A sl g xp olall Jalt aa g ¢ (1) 0peh 8 AUAS (1) Atlad 598 5 cunt e gl
A al abladd
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7-A wheel is rolling along a wary surface with a constant horizontal speed(v), Fig (4) Determine
the amplitude of the Forced vertical vibration of the Load (w) attached to the axle of the wheel by a
spring if the static al deflection of the spring under the action of the Load (w)is Ay =3.86 in, v =60
Ft/sec and the weavy surface is given by the equation y =a sin (nx/L} in whicha =1 in, and L= 36 in.

W

V

v
(4) S

8-A machine of weight W = 1000 1b and making 1800 r. p. m. is supported by four helical springs Fig (5)

made of steel of wire of diameter d = 0.5 in, the diameter corresponding to the center Line of the helix is
D = 4 inand the number of Coil n =10. Determine the maximum Vertical disturbing al force transmitted

to the foundation if the centrifugal force. Of unbalance for the angular speed equal to 1 radian per sec is
F=11b. '

W

L)

77; ﬁ",f"%:‘ {777
. [Tt éd N2 J’p/
TTAIIRGT
W77
(9) (4)




9-For measuring vertical vibrations of a foundation the instrument
shown in fig (6) is used. What is the amplitude of these vibrations if
their frequency is 1800 per minute, the hand of the dial fluctuates
between readings giving deflections 0.1 in. and 0.12 in and the
springs are chosen so that the statical deflection of the weight W is
equalto 1 in.

10-A device such as shown Fig (6) is used for measuring vertica!
acceleration of a cad of a Locomotive which makes, by moving up
and down, 3 vertical osc. Per sec. The spring of the instrument is so
rigid that the frequency of free vibrations of the weight W is 60 per
sec. What is the maximum acceleration of the cab if the vibrations (6) IS
recorded by the instrument representing the relatie motion of the

weight W with respect to the box have on amplitude A,=0.00 | in ?

What is the amplitude A of vibration of the cab?

11-A body vibrating with viscous damping makes 8 complete oscillations per sec. Determine
Con if after an elapse of 8 seconds the amplitude of vibration is reduced to 0.9 of the imilial
amplitude. Determine in what proportion the period of vibration decreases if damping is
removed. Calculate the Logarithmic decrement.

12-Determine the general nature of the displacement - time curve for the motion of a spring
suspended mass released with initial displacement x, and without initial velocity, if the damping
is greater than critical i.e {w, > 0,

13-Determine the amplitude of forced vibrations produced by an oscillator, Fixed at the middle
of a beam Fig(7) at a speed 580 r.p.m if F=0.5 lb, the weight concentrated at the middle of the
beam is W=950 Ib and produces statical deflection of the beam equal to A,t=0.015 in. Neglect
the weight of the beam and assume that damping is equivalent to a Force acting at the middle of
the beam, proportional to the velocity and equal to 90 Ib at a velocity of 1.2 in per sec.
Determine aiso the amplitude of forced vibration at resonance (w=0,).

P m B
@t
X .l
n
(7) Js

14-Investigate the effect of damping on the readings of the instrument at resonance shown in
Fig (6),

15-The body in Fig(7)is displaced "~ um the unstressed position by the amount Xy= 10in, with
the tensile force in the spring at this displacement, equal to 4W= 8 ib, and then released without
initial velocity. How long will the body vibrate and at what distance from the unstressed
position will it stop if the coefficient of friction is 0.2?

16-Determine the coefficient of friction for the case shown in Fig (7) if a tensile force equal to
W produces an elongation of the spring equal to 0.2 in and the initial amplitude Xy=20 in. is
reduced to 0.8 of its value after 10 compete cycles

17-For the system shown in Fig (8) the following numerical data given:- Weight of piston
Wp=7.00 Ib, weight of connecting rod, W, =3.00 Ib.
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Mg = W, +0.33 W.=6.001b.

M,g= 0. 75W 2.001b. =

Total weight of engine and platform, W=500 1b.

r.p.m of engine 600 r.p.m, crank radius r=8 in length of connecting rod L=24 in, flexural rigidity

of each column E.J=22.35% 10°Ib in length of each column, h =3 ft. Neglecting damping, find

the maximum horizontal displacement of the platform during steady — state forced vibrations of
the system. Assume that the crankshaft and flywheels are perfectly balanced.

(8) s

18-The system shown in Fig (9-a) is subjected to a vertical disturbing force F (t) which varies
with time according to the diagram shown in Fig (9-b). Neglecting damping, find the steady
state forced vibrations X= F (t) that will be produced if the mass m and the spring constant K

are such that (/v )=0.9.

F(#)
z
[~
A i | .
i
m 1F(i) }
ilo g &
X
(@) (b)
(9) Jsab

-218-



19-An electric motor has a mass of 12Kg and is set on four identical springs, each with a spring
modulus of 1.8 N/mm. The radius of gyrating of the motor assembly about the shaft as is
120mm. If the running speed of the motor is 1850 r.p.m, determine the transmission ratio for
vertical vibration and torsional vibration.

20-A steel frame supports a turbine — driven exhaust fan. At a speed 550 r.p.m, the horizontal
amplitude of motion is Smm, measured at to floor level of the fan. At a speed of 650 r.p.m, the
amplitude is 14mm. No resonant condition is observed in changing speed from 550 rpm. To 650
rpm. To decrease the intolerable vibration, it is proposed to add slab of concrete beneath the
turbine. What would be the effect of the added mass Estimate the amplitude of motion at 550
r.p.m, if this slab doubles the effective mass of the structure. What happens at 650 r.p.m?

21-A trailer is supported on a single axle and a pair of leaf springs. Dry friction between the
spring leaves replaces a hydraulic shock absorber. When the trailer is fully loaded and then
carefully emptied, the height of the trailer bed is measured to be 0.625m form level ground.
When the empty trailer is jacked up, so that all load is removed from the spring and axle, and
then the trailer is carefully lowered, the trailer bed h is 0.645m. Estimate the number of cycles
of damped free vibration the trailer will experience, if it is depressed 3.5 in and released rest.
What will be the rest position of the trailer bed?

22-A small motor driven paint compressor set has a mass of 30K g and causes each of the four
rebber isolators on which it is mounted to deflect 6mm. The motor runs at a constant speed of
2000 r.p.m. The compressor piston has a 60mm, stroke. The piston and reciprocating parts have
a mass of (0.7 Kg, and for the purposes of this problem. The reciprocating motion of the piston
can be assumed to be simple harmonic. Determine the amplitude of vertical motion at the
operating speed. Assume the damping paclon for rubber to z- 0.15.

23-A spring — mounted body moves with velocity v along an undulating surface, as show in Fig
{10). The body has a mass m and is connected to the wheel by a spring of stiffness K, and a
viscous damper whose damping coefficient is c¢. The undulating surface has a wavelength L and
an amplitude h. Derive an expression for the ratio of amplitudes of the absolute vertical
displacement of the body to the surface undulations.

24-The vibration on the floor of a laboratory is found to be simple harmonic motion at a
frequency in the range 20-65 Hz, (depending on the speed of some nearby reciprocating plant).
It is desired to install in the laboratory a sensitive instrument which requires insulating from the
floor vibration. The instrument is to be mounted on a small platform which is supported by three
similar  springs resting or the floor, arranged to carry equal loads, the motion is restrained to
occur in a vertical direction only. The combined mass of the instrument and the platform is 45
Kg. The mass of the springs can be neglected and the equivalent viscous damping ratio of the
suspension is 0.25. Calculate the maximum value for the spring stiffness, if the amplitude of the
transmitted vibration is to be less than 10% of that of the floor vibration over the given
frequency range.

25-A machine of mass 580 Kg produces a vertical disturbing force which oscillates sinusoidally
at a frequency of 30 Hz. The force transmitted to the floor is to have an amplitude, at this
frequency, not more than 0.3 times that of the disturbing force in the machine, and the static
deflection of the machine on its mo- . Jag is to be as small as possible consistent with this. For
this purpose, rubber mountings urc to be used, which are available as units, each of which has a
stiffness of 400 KN/m and a damping coefficient of 2420 N.s/m. How many of these units are

needed? 2 2 - =1
7,

1 i
' //'f///////Y
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