wel | i
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e gl i a (ST Ak ONSEY! gy ppen (B AS Al aglia ga Sl S
o W oy A 8 Gy Ay g O3S0 L6 (B A ) gl g il A glis (e alias
Lasiai Aol jlua¥) 3 A8 4S5l WISy o8 pal 3Y 33y NIV Lyia B3303e 5y 2ad
- 4 ghaially 3 ga gl M\tﬁ&@@lm@ﬂwzubl.}yghh,hn}é
DAY B geall Je A jall Alolas A0S Sy
mx+ F, + =0 (3-1)

F, oo Sl aaad Aagliasgh ¢ Cua
o DLl A 2 3led Limjd KV ¢ Lana 58y Jilail daylie b 5i ddal iia gl of aey
£ Wk s 3 g 0 sl 558 ABaYY o3a (o ey - kil i L e iy Lo e
dgaal ) Jalal) Jad L Gt Y1 1738 Uy ghs Cya ¢ de )
D Jladl g daddl g CuSH gl gl pal L Lady
V iscous Damping g 3 S =1
dry or Coulomb Damping (g4 9isS) ¢ cilad) Sl —
Solid Damping plall S — 7

ol Jadll o Cuall D

Bl y . 7 ) pdle b W e o) Ak A juey plaun¥) AS 2 0 Sl 13 sy

LAl Aoy g e A glis

F, «x o F, =cx

ol A o x Za

Damping Coefficient  3a3) Jolno pammsy auldll cull 2 ¢
Tkt po il e e il Cim anlaliin g 36 YY) B Liad ol e g 30 B3 gy

o goublinall Jadd
Alad o3a 8 e glial G Al A phasl Can Las dng pos pdlall (B puiall 4S ja ilS bl W)

o Al o3 b Sl a5 Aol p e e i
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eI pe A SN AN g talal) g (4Bl (pe L pCe Lo abiiad 48 ol Lsles plili~3

k(x+A) cx’

S | HY p

saaly 4y o da 0 b A ghiiad 2 5l Bl aa jall i Y mea gy (3-7) JS2N
Sl da e Ua Jasill p SON AL £ 0V e Unils Wlle (S ddaall Bladl 3 )
gl (Sayy « (Dash Pot) &S ele 5 QI G 5 A3 au Ml (e B2y .z Sl g gl e A e
Jaba 2als g b Adalase iy i ABS (e O3S0 Ay (3-7) JSAIL Aipall Ao ghiiall A8 jall Asles
538 48 jal A alidl) Alslad zlmiad (Say dllyy g ) Jiliad g palt 5 5AYE B oy ¢ A 2add)
fosk LS daplaidd)
p e mx= 2 F G G el lide

'.'m;=—k(x+A)-c;c+mg o kA =mg

Ry T N (3-2)

OSe bl 334 Jaty duilatie y 4l daall e AS el AL alisl A o (3-2)4bledd

x=e¢e" ,x = se' ,;=s2e” Hy&b;@uY‘iJ)mngchun_ﬁ
Mo 7y e phiial) A8l Abslee b DU 38 e iy peilly

msle” +cse” +ke™ =0

ms’+es+k=0 e Jeani e Je daudlly
. . . -b++/b? -4dac R )
:ungaS‘Lbh.A]‘ BE Rt JL}.‘JY cﬂbJ S'J= 2a PL"“ u_,.:mt (‘ML!‘LL)L:.J\ () da_,
—ct Vel -4amk
SI,Z_ 2m
- c) k
Slz-‘—'é;i [E] — 060000806 0000HE 0 080000000006 000E. 0063000 600 0800 006000A00 (3—3)
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X(1)}= Ae™ 4+ Be™ et s e e (3-4)
e 5V daphe i gy x(0) ¢ x(0) AHSNI oy pa0 (e Lk 20m3 ol S s B, A s
LS Al el | Soage dadd o ) ghia (o gl ) L) ooy (3-3) Aladdl 4 3all cias Lo Ao

ad
Critical Damping f.'ﬁl-” ulll of Jadll- 4
i S Levie wllig Giiall (5 sbuy (5 el cuad Le dad oSG 13 SIS Claay

O.‘LS‘ (ﬁ ‘-;:0

(%) =%  @i=d  g=o
plua g, oMb A e gzl sl Jalae Aladl ol d o el

€, =2ma,= critical damping coefficient «c.o..vuveciieieiiviiiiiniiiiiiiiniiiiinaa, (3-5)
=3 Al L DU il Aaul g 2 el Jiladl Yy Blias (o) dad e jaad ) Jeaaiall ey
: Sua ( the damping factor ) sl Jale ¢ ¢ Jiaal du,

c

¢=== ie c=c. .¢=1
[

c. = the critical dambing coefficient=2{m @, = 2m @, where =1
——w, Ol A Lgbady Jhgbde 5, ol 0% Dlad o3a
3000 5 el e Adolidl Abbaall pladl Jad 55,
X = (A B eeereeeeeeeeeieteinure i rrttaerataseeiess s s rannataaeannanrannnres (3-6)
Aal Lyl ga (fe™) kel o) D gl iy Lole Do Gl ged Al o g aaly Sl g0 (448 ).
10 Gl Jab Mad oSo dlls ey mx+cx+ b = 0 Ablaadl iy il @llyy Jglad

2mw,

ie...... 82 =35

L O o 7 . (3-7)
<AVl Aslaall 3 gea plall Jall 334 (3-7) Aslacl ae (3-6) ¢ (3-5)fblaadl Jaaiilyy
O N N T W e PO PUUTTUPNt (3..8).

t ol csd Jo alliadla

X(1) Wi g x(r) AESH dal 3 Bo (i o) caaa Ol (00 (4 ,B) O St o0 (1)
1 Oina (e ) e

Yl 3 el Jy Letie jieall M I3 Al JS5 386 oSy (@ periodic ) 400 5 ¥ 48 jal (<)
(3-8 A LS s Ga g sS Lasie (4) 5 bake pludly fag SN, ¢ s
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x(1) xH0)>0
x(0)=0
x(0) 2(0)<0

= 1.0 3a ja QLS &S ja(3-2) JSab
S jalall jualiall QAJ;\S"_,)'(O) aglagyl sl 3yl eLL-.:‘...YI o.tl_,sti:.)\Sw(J-Z) JSAN

. kgl
= Tl paaall Ly Sgms Alla p udd (oA 03 ey I Cuallally Al o3a D ey ()
C oSl alla

§= T o gl 2adll dale Sua ¢ =2m@, WD el s goall oI Ag ()
(over damped or large damping ) g ol (e wSY) oSl of 243V — 5

! (75;)’>~i Lasie @y (5Sry conga el Jid 130 dad (506 Lavie Sl bia Zaay
m

S il o aaly A Dlead e oSy 4’=—c->] s exc, 09l (ay 2im>.w" d

s> O gl (Mol (3-3) Asladly LS (55) Ll Jlaiall o B 58 J3ad Jisd gl
Al 3 ) pe e Lng.l'.‘.a.“ Jdadl OSay il uﬁu‘.lbu_,m:t_usw PRV UJ:LU.:.J‘

c ¢
v =—= CZ 2L MO, ot ierinrren s s 3-9)
c. 2mo,

2O g0 85 il Allae (8 e aadd) Jelas e m gaillyy

Ls =t () A= 24’"‘” \/(24"2 Dy 2 _
s =—dm, w1 =w"[—;+q/g’—1] ......................... (3-10)
=00 Aotadll 5 50 (e S (AN Sl o) DU (S Jiadlyy

5, = wn,[_;-,fgz - 1] .................................................................. (3-11)

L bbaadl 235 (3-4) ddolaall Jlall Jadl S AN Aslaed (8 S, S Cutall Aad (e (g paillyy

Al
4 |, s M faie ..
Sox() = A.e[ el +Bel® ) (3-12)
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RPN TNEWFRELR P PIRC RTINS SR R JE AR
(3-3) S 2N g ) an)‘)LJdJMHJJ‘J‘,LJ}S‘LQJ.};\JJES\uﬂ_,smul
@ﬂ\dﬁhaqjg_»dl«s)ﬂhuﬂu,«_ﬂ}ugul 050 A3 a s Al A plad alpyl
| gyl
A\

\
N Ae"g * 2= Nyt

Br
(> 1.0z o0 Ha S Sl pa sad 5] Alla (8 3 38l in gy (3-3)0S20
P oYl Oiblaal Be 4B e JS Cuad Sey Cua

N 2
g X NG T OX(O) e (3-13)
20,4¢7 -1
B X0 -G Do) e, (3-14)
20,4 -1

Underdamped or Light Damping & st 4 g Skl o LedSi—6
OS5 Leie (5} Al dall Jind dadll 35 Ledie (¢! & (1 ledic aadd (e dllad 304 Ca2as

) . e e e k ?
EEERPNRIEE PR RPAETRELREP TS (8

i 2
ST I E=GEY e (3+15)

. - a 2 _ & = 2
P g st e G @, =4, CE MO, o eyl

_su::%ij\/w: m=—§a) t j(f1-¢ N, ...(3-16)

S, = wn[-éi J(f1 - ¢ )] ........................ (3-17)
(@,) sl DI ol 23 50 ,/ﬁ—(ﬁ)z Dl e
w, = the natural frequency of damping vibration =@, 1-£" .......... (3-18)

2Ol Ay £3-16) Aed g @, (e Sarsilas
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O O T L 2 1 R L T TR PTRTI T (3-19)

: Cus Euler's Formula by dana pladiulyy

¢ % =cosft jsin@ S P R (3-20)
x,= Be™ + Bye' Al 5, peal o oS x, pddd Jal
X, = BI ‘e(-(a,,o.l.n,,).t +Bz.e(""'_"'°")'
= e [Be? " 4 By ] e 3-21)
2. X, =€ (B + B,) 005, 1+ J(B, = B)SNG, L} orrrrereecesrssssissnirnnns (3-22)

B,, B, are complex conjugates. (il _jfie 358 ja pedl g dia A 8 S 2 X (1) WUV
AUl 3 yeall Ao Wi Koy (3-22) ALl Al |
X, = e [A).cos@, s+ Ay SN @ d ] (3-23)

X, = AT U SIN(@ 48+ Bt ssre (3-24)
( The Inital Conditions ) 3adadl iy all (e pedsad Sy liia Sl 4, L 4, S

A=‘/A,’+A§ , ¢=tan"£—'~ ........................................... (3-25)
2
Ae™! DAl Lo g Anadl y@¢ aashe 235 <) Ll 55 A8 e eeS (3-24) Al (i gl
:llBalia
(1 e g gl oS AS el
@, >0, )@ a9 0[) G 8 G eanhll -2
o plaiall NIV AS ) hany 3 (1) g3l Jad-3
the complementry solution gives the transient motion of the system.

e xSy @y il g dad NI S g A 55 AS ja A4S el 33 ) ey D (e g o

2 aJD alalaally LaS 4S jadi 53¢)

LR GMPIIUAE = A.€75 " .....eeeeeevevreeenereeresenesensessatesessaeeaesenesesesspsssesteasace (3~-26)
s on (7)) B 5 S ki S5 A 55 A pn ay 4 el 838 ey (3 4) JSA
: AUl A (e e M
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oS el Lle S 1 g‘é@%m’ﬁlﬂh;’_\.ﬁyqﬂ\ Jalaal! a0 QY\;J‘Q!.B;)U_,

:i._ﬁtdl J_,..‘AJLIL&L;.“ mluﬂgawM(j-S) JS..&JW c_ub_,_..!_, .EJ:L_,“ Lg_,'t.u._l_,idil _"u.a

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

sa =€l -1},
AW Dbl juaias ¢ = 0 il 13 L a8 SaalS ¢ aadll Jale ae oS ja (5 giua b elldy
plaadl A Tla @8l 5 Al Saa¥l e ali A ) gdall 8 ey g, =27 I pdadl Aalill
for LaS L A e adl agay Alla i Al Aladd A0S e @iy 0 < ¢ < ] pailly ead)
Uil pedt

1.0

Jiuialt aonldt

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

$12 _(
8 (len
@
=1 il 3o Gb iy s Ml Gugth Jo fhadty GUEI S S je Gliads Lea o palty

a)ﬂ

51
dgigia dael idy LY HaaY! Job e jgial 3 saalysaay (e S S A Cua
2y ey Jnaall Jadt of Jaadli dabaaall s
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G JF US| ORIV (B 1 S SIS ¥ e‘(a%)' Jo¥V 2ad Cua JGaV! Caad 4S5
Aol S Ja st 8 o Al el Jala o daill 3 L8 e el Gl 3 gaadl Sl yead
.M‘d_,u"‘uu_ﬂa.\;r

e o - (k o .
prc L1 duida ldae! S3et dotaall Gad (5550 (;1-] O S i Jal an (55 Ladiad

2
s S B [_zf_] Szl 2a 548 Lasie ALl Aladl 338 Y judiy il J geas LulSd
m

tl Alladl J3 SN ij,/%- =)? ].t‘,s_,L-e G st LWla lae Y sy (EJ
m
R COS(y/E = ()2 )t £ FSIN(JE = (55)7 ).l (3-31).

oAl e ) el saal Al Y Al 330yt lls

-l G SN el (aadd) Cusl e clliadie

A5 9 Gpsal 520 5m o pd (sl Ay 5y Al Ly ¢, A (G580 A S (Sar

Sya £, A0 4i. ) 5 5k Oscillatory Motion ) 3al 48 jall 05 —2

ty = 2 it (3-32)

o ooallall ol o SldeW) (Sany Sl asap Ants SB N g e allDy ) WY gl 3
Dall T S ad (S 3,3y SIS 555 b AN Ll i . Sl Aud i
A ¢) e S0

Logarithmic Decrement : 7 lé sy ~7

Al g Ll i I3y 5_alaN ol e Sl V! ga sedll A iy s b Apaliad 4yl

D 5 g1 A g5 Al 236 e 8 S oSS 3, 0, Gy (sl (450

el Allaally aie ol y Sl ) a¥) Jail,

X = A€ SI(@ 4 d + B (3-24)
CalS U sin(@, 1+ @) =1 (5985 edie 5,90 3 (1he maximum amplitude ) das qaadl () 5Ss
t S0l (3-6) JSSIL s AS Al
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e gl GallElly ulie Al 2N Jana(3- 6) JS2D
e A ey (idlaie G (sh Apadl (padall g e S0 G jas (sl 5 ey e I el
AT Aaally salat (Say (¢)

— ol - Ae-cm.l. _ e‘m.h — o, {-1)) _ (o, 1y
b= 1n;2_ = In[ Ae"‘”"’] = ln[ec‘v.-u J = ln(e ] =tne"™ M e (3-33)
7 27 C
(] —1 '
0, = 2”2 iémlne HER_ oG (3-349)
l-g n Vi- él
23
. S oreeeeesernec(3-35)

X3

, N EER . . x
the consecutive amplitude ratio (0fSie Obmas (g) (gl & —L Cua
X2

Jae—p A (¢ <<<1) Pl ieal (00 oSy 2al gl (e LA sl ¢ aaddl Jale IS 1Y
ol Jymytaa gl sl Aol 330 (S Shal ded GV el Jid 5 ya sl 2addl Jele
A0 Abladl M ¢ e

BB D snandnenssinnntssnsistanrocssid Fif venbussessssiberrennassansamt SretteLiNEssrasahes (3-36)
¢ 2aall Jole 3 NS ¢ gy e ol aflndl Z iy Aidad ol gy JUD JS2N

T

ERED]

; |
3; EoiSid
: 2

z‘ / !
|
¢ 02 04 06 o?e 7o
tofie Jiualll Jole
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Cdele Ul B leay cpillal £ dedll Jale g & oy e ol el AN (3- 7)) JSSN maa
IT OLS 1IN ety (1) el 2AbL A JS5 ol (¢ < 7) aal gl (e Sl sl (S Ledie 2l
iy g (2) daliay asiiens dady puiis o AR JS2 M (¢ <<< ) ad gl e 86 S aasdl Jde '
(£ 20.3) e il o Jlaid
Dry or Coulomb Damping : cual oS Jludi of cdlal) iuS) 8
o iaall pap o138 3 R gl anli g ABlad ddeall plua¥l WiSial e Ca H3a i ]
s daally e udl g Aal 30 Al Bl caSl Sl g padand oy el b e (63 gan
GV} Jalaa 5 A2 pandl 638 o yuin Jualis 5 sbads Jiliad 5 8

Fy = Fy
.( Vertical Force ) Osadaall Je dngeadl 3580 2 F, Sia
Sl 538 o Ly« AS5aN f b Jls Ao ud lo adid Y Ll Lin Jiloail 548 s il S8
by b JSI Jgmiall Ayl 3,2 JS) ASsall Aol Baladl 5 5Sy .+ Ao ol 3LEY Liks AuSlaa
Sl 8 gl e (f ¢ BTG Jatd Aolee fae M Lol 20l 200 Sy y . ki3 90 Chual
i (59 A8 oy @B ge puall (ga 15550 Chead JaSy . RS el MDA ally el
Sl Jalll g | jia 38 a0t A8UaY i sl S ol o(3-8) SN L6 LS 4y gl 2l (S
- Lt | i S m LD e

caa 3158 3t g el ) 5a¥N(3-80) JS

Lk(x! =x2) - Fi(x, +x,)=0
Srk(x -x )= F,
3),}—“&.!—...433&_1_,!..»\” (EYY EJL;}._!_’t(j-g)M‘ Uiu.‘unlasa_)‘,iu..m.\uu“!ﬁ X, G;I_.’I;

Ll e JS) Amaall b 2000 555 asms « 2:" 5% Amaddl b S LeaBlis da b gar el

X, —Xx, = 4_11 s bgbaay
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IS e Gl 38 0 0S5 gge 5) (shy £ om JB Al g Lasie 38 jall i i g ey
SIS, €Al Gl a8 e Sl Legae 585 Wy ¢ SEELY] AISAY1 558 e il
e kil ) G g 0sS sTw, = E e D 5 o o o) ek
. Jylaidl

s Lo i lgia g el oS il Al A ghiial e 3 i 3al (551 sy (3-88) JS2U-2

SN

i

|

(J3V! a4y (I sty

oaladl ANGaY) D13 2edl b aad I 2edd iy (3-88) JSLN
Coulomp Damping or Dry Friction Damping

e a3y el 548 Cua alal) WISGAYH ) sadl g add S seal) (3-85) JEEN e Jaa
B Saa ¥l 558 8ladl y ¢ A3 yiall 2 ghandl (pa s gl o adiad (K¢ Ao udl ga g Ledaalis ¢ dat 3y
O o (Dl a0 Vagdy A pall 3ol iy Lavie i 5 58l 5 )5 48 yad 5ladY Alia (5%
it Sy llhy s 45y Dladly ¢ A8l e e Lagie IS iy 3y S adl Asled
S all Alslae 598y Jo¥! pain gl 3 LS Jlalll J el (ya 580 Choail S jall Niad (540

fls S (o (il tiske

S F=mx  omx=—ko+ fNoiininnnn ()
. The soultion of equation(]):
x = A, cos(w, 1)+ B, sin(w, 1)+ #—kﬁ .............................. (2)

o gl A8 al) e (sl A gl 0 LS Cpa N Jlalll (a5 ) g0 sl A€ al) e
tosl LS Lgda g Alladl 538 4 28 jall Alslas 4S5 Y

X S 2K = LN e e e e bbb e 3)
. The solution of equation(3): x= A, coslo, 1)+ B, sin(w,, 1)- ‘UTN ........ (4)
where A B, A, .B, are constant
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s R L 500y it U0 0N g2 o a3 Y1 5 8
¢ Al g3 4S8 ja 3 e il JSVAS ol S0y Friction force JSaa Y18 gy camn 4N Cua
P+ N Oa Q) puiage i g (o Choad giada 58 e g dal V) Jaday

| rod 323 A0 Jag 20 ey o 3ys0 ciead JSI - NA

cat 1=0,x(0)=X, ,x(0)=0 .. 4, =X, —% , B =0

SX= (Xo - %]ljcos(w".tﬁ % ........................................... (5)

s sade JS5 e 55S5 Aal 3V (5) Alblaall S (2) Alslead b f S (i peilly Cun

U)S;Lc.hc_’ 0<t< d
[0

Leaic olld ¢S5 9 o NV i) Caa gl 3La3Y1 4 g cosine wave il

i.e at 1= 7 .'.x=(M]—xo
w, k
24Ul 5 pall ol AU 0 505 Lealast AS jall uSad SN B sal) Caiad Al

3u.N
A, = ,,-'“T B, =0

A0 Adledt e Jiaai () Aaladl b b 1) 33 g pailly

Lx= [XO - SyI;N] cof{@,.t)~- Akﬂ ....................................... (6)

N /b Jadal (5 gludy Ll BlaiWl & 5Ky cosine wave JSS o (655 Aal Yl sha
:W‘ML‘.‘HJM J'ﬂ_’

, 3u.N n 27
ie X,-E1 o Zs<rs
k @, w,

1AIED Asladdly WS 1 el 055 Ladic

a;rt:z—ir .‘.x=Xo-[M] .. For the third half cycle 2—”5153”
W, k @, w,
Albeadly LS Aol 23 84S jall dlalea )9S5 5 Ll Lgalad) (58a3 48 jadl ol ¢ Alaldl 338 aic (o
:agull

x= [Xo - S'U'N] cos®, t + #N
k k

Bi—alyb g heal Ules (A4S pall 5 xie g 4 (p V) (5 sl ey adl 53,0 JS
bt e JB )5S0 o 408N Loanlill 568 8 Adatil B3 2 e VA ) i JB Aadd 8
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Cilly 0 gle o) Y dedl Syl BTl g ky < N ADWL SlB e umo g NV SIS5YY
il AL e juagy oha
4u.N.

n_+1 n
- k
ball ey Oe OsSe 2 On ally (058 (380) JSEIL ma LS e W ae dal Y ey

'N’wn - =) - 2 - N - =
2(5;[—) b ey il e po O 5 g o8 Lap 0 150585 0 plaal)

X

Solid Damping kel <&l — 9

O Pl e ¢ A aage DSl e g gl 1 J1 Ly Akeal) plua¥! B0 ae CaSH Haa py
S leaWhaa S a0 i sl (g 48 o) ga SISy Y] Sila ge JSI by gludia (56K CaSH

. il jaa
Equivalent Dampers ISl daf g3N-10
ers are connected or arranged in Parallel . & ¥ o Sof g ju gl j=f

¢
-
- 5 &

¢
L]
*
3

poonioesseesotbony lCl
X1 .oo% L
ity SRS
sl le detydt Lo 45 (C) it Jle aaiydt Lo (D)

S LI e bt ey pee  (3-8C,D) JS

C.. = Equivalent of Viscous Damping  -: Damping force = F, =cx....(1)

L]

G F = F 4 F, 5C, X5 CXH CpuX s crenseeers cosesssess ssreresecs seesereres somsnenne £ 2)

g L]

> The displaceme nt x is equall for spring ,mass and dampers
" Velocity (x) is also equall for spring ,mass and dampers

. from equation (2) T R e O R () |

-119-



(3-8¢c) Dampers are connected or arrangment in Series o 8 Ao dal g3 e b of Joe ¢~
iy LS (e (555 Gy ool A Al A glaidlly g ga M5 o a5 i
JSAal £ sane (ob 1 aalall TIKH dat Y1 U8 1agly ilie il f Legd Ciaas Glaali

ATy Q¥ aleadl e LS 2ala

- dx
From fig.(3-8d)..The total displacement for c, ,c, =x, +x, vv=x= o

. - - e 1d =
o Fmpy = Fy =X L E=— |x2=—=

Vo SV HV, SX1HX2 =Xy o F=ce, xy S Xeg =

R )

»The force is effected on mass ,spring and two dampers c,,c, is equall

1 I 1 1 1 .,
~F,=F, =F S—m— C = - =
¢ . /2 C c * c, “ 1 1 ¢+¢; ¢ +c,

G 6 64

c,.C
.'. ch =‘_2
¢ +c¢,

FRBZHA PATTN I PC .
E Aldaa el o (s giad baaly 4 ya A i3 e glaial Auilpdal Adall Asladll 5 ) gua e
p ANED Asladd 5 gn o LgliS Sy m dsphaiall ALS y € Aslna 2ala

XA CXFRE =0 teveiies vereerereeeeeeeseereessssnsereenssssrerseeaeeaesearsssesans sassnen (1)

S ) AN A5 N e oh g Hheall (5 glay Abslaall Gl il DY duilatie Abalis Asles (A
(Sl 3

i x=e¥ p—ay (1) Wkl Ja o oSary . Aslaall B Gt S0 gay S A 0l ey

xse* ,x=se" O gy Jualially

P g (1) Ablaall 4 DAl 03 (e iy gailly
msle™ +cse” +ke™ =0

ST HCS R =0t (2)

=i b WS ¢ —dmk el (e Jadl Aad 2015
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GV a el e Jadl 595y €F > dmk (S Adlia diia (3 ) Adladdl g3 cal€ 1Y -
x(r )= Ae™' + Be"'
ogeal o Jall Sy ¢ =dmk (oS Aslaiay isia (3 ) Aladdl ) pde calS 1Y -0
x(t) = (4 + Br)e" sy
AV 5 eall e Jall (0S5 €F < dmh 0sS ke (3 ) Ablad e ZulS 1Y -
x(r)=[4,.cos(br)+ A, sin(br )™ S8, =atdf

where a=-¢w, b=w,  ..x(1)=d4e ™ sin(@,1+p)
dglag Jilme—12
Ladic Allead 338 Ja aa g x+4x4dr =0 b L daylaid 28 el Alilas S 13-
(k=3 , (k=4 , (3 k=5 AN VWD i Dy x(0)=0.4, x(0)=1 ms
Jad

"Q—buiu_];d_.“_-'esl ‘_'ll:u‘._lf::is_);n:\b‘.n.au.ix=e'",x"=se'",j'=52e” c‘_‘_,
(3'3).));\—%“&hﬂf|-\£‘“\-!_,s2+45+k=0 ‘»JWIh)ﬂwﬂJU‘ -n"'l.m‘
a=1,b=4, c=k Sya

o LS g3l Aed ooyl Sy
]-2— 2a 2(1) - Y dm L ®escsbsennesseasap
=-2+44-3=-21¢
(1)atk=3 12 3=-2%1
S8 ==-Ls,=-3
AN 3 geall e adolead Ja (59Ssy Aallay dilisa Ldida g0l O 4
~x(1)=4e” +Be™ yat (=0 x0)=0.. 0=A+B ieA=B

x(t)=-Ade” =3Be™ o phu (1) Sall Al Abladena Jualiy
icar 1=0, x(0)=1 m/s ie I=-A-3B= B-3B=-2B '. b=-05 ie A=0.5
I 5 gl b Jal 0S5 s
x(1) = 03¢~ —03¢™
(2)ar k=4 ..5,=-2 ey Jlgladia ) el o (6
x(t)=(A+Bt)e™  ie ar1=0, x(0)=0 S A=0..x(r)= Bre™
A de ot Ao o 7 ) el Al xr) Aad ¥ ANy Jualdiy
x(1) = Br{-2¢7' )+ Be™
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at t=10 .1"(!)=] m/s ie +B=1
x(1)=r.e7 a8 5 ) pall Jo Jall oSy
(3)at k=5 , vs,=athj ~.s5,=-22J-1=-22) ica=-25=]
AUl 3 geall (Jo Jall S
x(r) = [A.sin(r)+ Beos(r )™
at 1=0,x(0)=0 ie 0={Asin(0)+ Beos (0) }¢° ie B=0
x(r) = Asin(r)e” A0 5 el e Aal Y Allas S5
AV de pull Ablae mas (1) el Ay Al W Jualiy
x(7) = (Ae"' )cos(t) ~24esin(f)  ars=0 , x(0)=1ms
e [I=A(l)cos (0)-2B(1)sin(0)= A ie A=1]
x(1) = e .sin(r) 30N 5 gealt e Jall 565
- g Ady by AN A5 kg g AL Hhy (3-9) JSAL Al A phaiall 3S jall Alilas ay 41-2

R

w42 L kx

é fig.(3-9)

P o Ay (1)

“YF=mx °~  F,=-h
c~kx = mx comx+hor =0 bogeal o A€ pall Allas oS5 dlliy
T.E.=K E+P.E=const :AdUal 44y )by (o )

1 () 1.,
K.E=—m x , PE=—k
2 2

.d(TE)_d(KE+PE)_ 0
Cooar dt

.'.lzm(Zi;]+%k[2ka=O..., wx#20  mx+hc=0

oY dydy ()

2
1 d(K'E) +0‘,(P'E)=0 ,'.‘K.E=lm(.;c) ...... ,’.'P.E=llcx2 mx+he=0
at Ix & 2 2

(B-10) IS Agaal A liiall 3S jall Aslas CiSI-3
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ﬂ c m  ‘cx
! [T
/
(3-10) S
10 g Ay |
'.'ZF=m;:, ‘.'ZF=F:,=—Cx‘ amX=-CX SmX+cx=0
o Y Ay ko
" 2
o A (x)? ,D.E.= -l—c[xJ i[-i_ (K.E)+ —”;(D.E)J =
2 2 dt| 5 x ox

.‘.lm(Z;)+lc(2iJ=O mx+cx=0
2 2

(3-11) JSAN Aipalt 4o ghiiall 4S o) Astas ap gf-4

x(t)
W
7
4 (3]1)
e Ay k|
‘-'ZF—mx ZF kx+cx mx=-cx-ke .mx+cx+hkx=0
speil Y Ak b

. 1 (Y 1, , 1 (-
KE=—mx| ,PE=-k’,DE==c|x
2 2 2

. 4| (KE) R 5.(D.E.)+ A(P.E.)
W) | o) W

] - . © o
.'.-2-m{2xj+-;-c{2xJ+%k.(2x)=0 amx+ex+ k=0

=0
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5-A vibrating <ystem 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
,k3=4.4kgf/cm.

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

dS Jalas 2l g2 3 e S 50 16 kgf L5y AES (e (0585 (3-12) JEARs el s saiali=S
Ki=9 S (aa—dl g3 <Dy ¢y=0.095kgf .cm/sec , c;=0.08kgf.cm/sec , ¢;=0.0106kgflsec. aeie
A il Jalas g 48 jalt alslas = 2 2aaff ckgffem , Ko=6 kgfiem, and K; = 4.4kgf/cm
ol e (61 O Al g 8 i e 51 Bl 5 £ 2addl Jalas (e JS Aad 22 g

K, K;

=

=
o
A
G #
ST 77777777
fig(3-12)
1 1
k., =ky+ T =44+ 1 =4.4+3.6=8kgf /cm
— Y —_———
kK, 9 6
€ =€+ 1 1 =0.0106+—-1—1—1—=0.0106+0.0434=0.0540kgf.cm/sec
¢ o 0.095 0.08
- . k
smx+c, x+k, x=0, o, =1’—"’—‘ = TP@ = 22.15rad / sec
m 16
¢ 054
F=—>=> = 005 =0.075

T 2mew. 16
m 2 — 22.15
(981]( )

_-_6—_27r_§_=M=0_472 '_x_]=e's =e0'”2 =16

Ji-¢ ' A1-(0.075) X,
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..0=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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¢ e D S g Y g ge Jid il 0 GBS iy 13 ¢ (13-3) JSAIL Al A glaii-6
—1agil J9 Ay kb Caai Baaly 49 ) 6 gleay (agaall 60l 20 3 () )

£=7.1,02 2aad Jale (5S Ladie &S jall Ablac 2ayf ()

PV ERLY {ENRLYs (TR Y ()

m
(3-13) &
xi_\!ytk-,;),.._.wl_,hs,‘(g>1)0|515,.n¢pwimu;‘,i,ig=2l..ur.:\',!

:adlall Ay
x=e{”"'[Ae‘ﬁ’”"' +Be"‘/z’_-lw]’ v, =1rad/sec ,§=2

Lx=e e 4 B | ) x= Al 24 Bl 4 Bl 2= Ble (2

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

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

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

Aad 3388 Aal Y1 Ablee Jidd (4) Alledd )
g AN e I St Do b 5l £=0.2 Laaie : Lt
ol S Y Okl e AL @ e S Aad dlay (S LS

x = A sin(\1-¢ 7 1+ 4) = Ae 7 sin(/0.96.1 + @)....(5)

e daani (5) Abladl 8 yaigailhy =0 , x=10cm ladic (g1 Jg¥1 o il Alla d
10=Asind  .......(6)
e il y e 30 dnailly (5) Ablaall Jualityy ¢ =0, v=x=0 Ledie () AU D00 A
fte Jeead U da il
% = 4¢*[[J0.96 cos(v0.96.1 + ¢)-0.25in(+/0.96.1 + ¢ )|
V0. 5
S 0= A(JO.96 cos¢ —0.2sin ¢) slang = [ng—q}: 78° 28
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gkl Caai dgy) ) 137 sabad ¢ gl M Y
10

A=s———— =102 cm: gk LS (A) dad slad (6) Ablaad i iy guilly ey )
sin(78° 28’]

22 =10.26°% $in{J0.961 +1.37) oo (7)
EAD 2l A A ol =1 Laaie (UM

x=(A+B1)e ™ =(A+B1)e™ oo ®)

from the frist condition a =0 ,x=10 0, =1

~10=(4+ B(0))e’ .. A=10 cm.

‘» from the second condition ..att=0 ,x=0

" from equation(8)

.‘.x=%=—Ae" + B(— te” +e") n0=—Ae’ + B(0+e°] e’ =1
S=A+B=0 " A=B=10cem . x=1001+8)e e C)]

10262 § x=10.2¢m

wl

©=27/(0.96)"

£=02,1,2 Lax gl kb nwy (3-14) JS

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 6.

L) Ao ghiiall 7 el sedl Jalaagy ¢ 2edll 3 andall 2 3 g dgbalith 45 jal Ablas aa 47
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(0 o 4y 4l § Aal Jf A ghaidl | daat Levie ¢ (3-15) Joall

4N 0 m s
?j/f“r 8N i x} Ix2
it L ._.—l C
i & 5 o
< i L
STTTITTTTTT 77777777
(15-3) e
x, =asinf=zal .. JE, =ab ,;= a. where @ is very small angle

, Xy=lsinf=zl8 ~x,=16 x,=16
'-'ZM0=O .'.m.f].a+k.x,.a+cfc:.1=0

coma’ .0+ cl? O+ ka*.6=0

@ 12 . 2
O+ oy ’“’2.0=0 ............................................................ )
ma ma
UA_,M_,L.\AH a.}buﬁ_ﬁ_}ﬂm(z) Alal) dJL:.JLI(I) abilaldl M_)LIAJ_,
OF =B+ 0,0 = 0. resrssrses s ssese s (2)
c cl’ 26w, ma’ cl?
—=2 —_—=2 c= z =
5o, ma® S, I’ S, 2ma’
cw o K[k 24 .a*\Jlm
" Vma m I
N
e g_[ 2
m | 2ma’
oY k c12
T o o = 2ma ..........
" at critical damping § =1 .c.=2muow, —2m — -2J
m

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 = —m3—] around (o) .

il apae il 23 il A jall laliah Ableall aa gl ¢ (3-16) JSAN el A phaiall a8
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DA s agl ez al e I 3eal Wla 8 Lo ghiial oS 1y =z Wz el aedll alaay
c2ab 3 i 3 AN gl

(1-Vy s

sl e la sVl (A o0 Bad¥l (4 dliayy Jaiall i s st el (M1 e o) Ly
16=-3M, ,x=af x,=ab x,=ab x,=16 x,=1.8 x,=18
w3 M, =k .a+cx, J=ka2.(0)+c12(é)

(73 . 2 L2 3
~16= —[czz {9) + ka? .(o)] %.aar cl?.0+ka* B =0.....(1)
b a 2
.0+ 25.¢9+ 3’“’2 T | OO (2)
m ml

oble Sad (S Lee g Alalisl S el diles (1) Abled) iy

wz_3ka2 _a)_’ym2 _a ,3_]( s
n m,) S, = m]2 = IV m OO oy 7 X

Jualis Nl 56 = "' Al ADWIL 0 Zygh B Zal W1 (e iy €, gzl aedd Jolus oY
ol LS g Alaally a8l e S i) e Apeily Ay 3 Al W)

2
. " ) mil .
0=seu 9=s2.e.,l .'.'3_52.9” +C12.§'e“ +ka2.e.u =O

mi?® _—bin’—4ac

.'.—3—52 +cl’s+ka’ =0 s,

2a
mi?
where a=—3—— Jb=c? L c=kat
o 22 4m12.ka_2_
s = i i\/(d) 3 _Z3e, 9¢’  3ka®
a2 ,,[mlz] 2m 4m2 mlz
I
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Salaa I Jiyc iiall 2asd Jale 3ol Jid Jaiall L2506 G=1laie (s 2 jall aesll a0 3,
9c 3ka’

g mlzL‘mJJc_nH_,cc)ﬂ\hJ

oS el aaadl Jalas alag oS @l ey

.. 2a lkm
o C, =—J— ,
IY3

€ 3d
e b=

_ _
,[—) /3& el 3ka’ 9¢?

= ]—- 2 =E —— ]—- = —_—
ok d { mJ [20\/ka mi?  4m?

oy —Zn—\/].?kma —9C2 s c.p.s

PV ad @, dedll D3 andall 20 5 il

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.

LSS AN ¢ A S pall Aalinl Abadli=l —zaa g ¢ (3-17) JSAN B AT 48 59

SPTTTTT7TT 777

(VY-T) S

x =10 .,x,=L8 .,x,=01,8 ,x,=(,+1)6
nx=h8 . x=h8 J,.0=) (Torque) =3 M,
.'.[m,lf+m21§+m3(13+14)2]é=—kx1 -c x,I +m,gx, —c, xil, —k %+ 1)

(ed? +c,02) - [k12+k (1, +1,) m,gz]
[m,1,2+m21,2 +my(l5+1,) ] [m 12+ myl? +my(l, +1,) ]

co6+
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d_alCall AhSHy aydall 3o 5l olad Ky ¢ da ghaiall AS jad ALl Ablaadl 4 (1) Al
1ot LS aadll ale g L ASAD alill Jalaa g

k02 + kol + 1, - mygl, ] |
W, = ’ ................................... @
m,l2 +myl; +my(l, +l) ] Mg,

sk, =k + k(1 +I‘) -mgl, .m

0.

- =m,lf +mzl,2 +m,(l3 +l.,)2

:w 11,‘_}1‘ :\S}HLMM(I)M u_,li:g.m‘..l\ dale JlA:!YJ
"§+ié+£8—0 |

m m
. c clf +c,i?

m lml’+m1 +m,

G+l )JJ—ZC.aJ,, ,where %=2§ma

ol +e,li  qll+el} ol +c212

ol = =
2m, w, k. 2
- 2mq..Jiﬂl~ '\/m‘q eq.

m,,

10-A vibrating system consists of a weight of 12 kgf , a 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.

(lesall Gala) 2els g Bkgfiem Aalaa ki 12Kkgf L g ABS o (55T 4y 3 6} A 5510
Ofin—an ) O Al y a5 e 1 aBlil y aaad Sale 234 ¢ 0.024Kkgfomysec A aeid) Jalas

ol
:dadl
J— 1[8(9815 =25.57 rad./sec f— % = 4.07 HZ
..g_z - ]3024 =0.038. ¢ ~<1 a—i—@g
ma, 2(98])(2557) y1-¢°

~8=27(0.038)=023  +5=InL=023 ~Zl=¢f=¢""=126

x2 255
11-A vibrating system consists of a weight of 160kgf, a spring of stiffness 50 kgf/cm , and
damper with a damping co-efficient of 0.4 kgf.cm/sec. Determine the damping factor and the
natural frequency of demped vibration.

3eal Jales 2ali g ¢ 50 kgflom Aelas (adiy 160kgl iy S (e 0 9ST 4 3 b} da glaia=11
v, Jlsiad) audal gy £ oaeall Jale aa ¢« 0.4 kgfem/sec A
tJadl
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VW, = \(Z= "50(981] =17.51 rad./sec .. [ = 2 =279 c.p.s-:
m 160 2r '

€ =2mw, = 2(@](17.51)= 571 ,kgfemisec . {=—=—7=0.07
. 981 c. 5N .

0, =w1-¢ ' =17511-(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 coefTicient of the damper in the system.

Al glaidd 33 b 2l add Jele 2a g Ade )0 uad g iy A8 Aand 30025 I JB

rdall
"> the amplitude ratio of any two consecutive amplitude = e’
P LTI - R VRN W W W/ W W T S
X, X, X, X, X Xs X X5 X3 X, X4 0.25

1 278
=oln—_=0278 v 6=—222_227£=0278 ..{=0044]
57025 T ™ g

13- Prove that is the solution to the crtical damping of vibration bte
 Z AN Cia N Jadl s b o ali-13

:dald

Al AL i g x A8l W) o i

ie X m B ™ oottt et aranr s 1))

@, .1

, -'-X=b[l.(—(u .e"“"’)+ e‘“’“"]:b.[~ w, 1e " +e‘°"""]

X =BT (1= @) 4 verrerarieniesiesseea e (2)
x=b[w21e " —w, e —w, ™ "]:be ‘”‘"[a)f.l —20),,] .......... 3)
R ST T S 4)
mb.e (w,f.t -2w, )+ c.he " (1-w,1)+kbte™ =0
m.(a):.t—2a)n)+cc.(1—a)n1)+ 18 S ocnosomocomonamasononmonscsocsosoos 35) .
Yo, = 1 € =2M, = 20K M (6)
m
k
ml:—.t -2\/—?-}+2ka[l~‘/—l?—zj+k1 =kt - 23km + 2\hkm — 2kt + k1 =0
m m m

o slaad cudy ATy Abledl (30a5 Ll ani (5) Ablaadl L (6) Abilaaly Sl (e gy sailly o 6

-131-



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:-
(a)The natural frequency,the damping factor and the damping natural freguency.(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 (= sec).

Jalae GLS 134 (3-18) JSBl e WS iy it i e 48 5e 30 kgf L) 4aSL-14
a2 0 (1) —aad 02 kgfomisec SV aasd Jdasy 15 keflom (I ad g (54 3Y)
cead @3 agelall 3 il g 202l Jale

Aol W e JSan gl ¢ 1O m/sec Ao yu ABSY o) A ol 85 e o laiall CuilS 1Y ()
Al aaly el (58 Ledie Aol g Aad Y1 aa J () el A WS A shaiall 42 5l

:Jall

fig.(3-18)

@, =\/Z= ,1.5_(90&=22.15 rad | sec §=2 ¢ = 300'2 =0.148
i s ma, 2[58—1)(22.15)

rwy=o1-¢ " =22.15{1-(0.148) =21.91 rad./sec
oo, =(0.148)22.15)=3.28 rad./sec
o x(t)= 75" [ 4 cos(ew, 1)+ Ay sinl@y )] ooeeeeoooeeene e ()]
. x(t)= e [4, cos(21.91)+ 4, sin(21.9%)]  ar 1=0,x(0)=0
~0=40)+4,0) -~ 4=0

s baS(t) (o3l Boaaly (1) Abladl Jualiiy g
cal A= ~x{t)=e 5" 4, sin(w, 1)

.

~x(f)=4, .[e“'“’" w,.cos(w, 1)+ sinflw, 1 )(- {0, )e"“""’] ...... ()
sx=e”™ 4,[21.91c0s(21.911) - 3.285in(21.917)]
Jrom boundary condition .. x=10m/sec  at 1=0

~10=¢.4,[21.91cos(0)- 3.28sin(0)]  .10=4,[21.91-0]

4, =20 0456
2191
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o i A1 LA2 dad G de ) Wlaay (1) Aal Y Ailns b iy guilly

Sx=e " (0.456)21.91cos(21.91r) - 3.28sin(21.91)]

Sat t=1sec .. x=0.64cm.
cox=e7 (0.456){(21.91)cos(21.911) - 3.285in(21.91¢)]

cal 1=1sec  ~x=0314m/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.

s % 95 Jyaill 38813 aws 45 Al gh Jauy Jaid dedadl 315D Sk s GaBlEd aa =15
et A e B8 6 ey A A0 AEL
E, o 3816 any Jyud Al u:ca_)é,‘:dg\

. the vibration energy « (displacement)’

'f'—~,/ > 0224
4, Vico

4 P
A=A nlt=e' =0224

toasl die dall 24, O 50 el Ledie Zall oo gy O (kg

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

w

n

e U (A 27 [l 1 27 (45 . (1000
..5=——1n — = —u,ln = ‘ln
|4 t Vg 0224 6(60)V981 |\ 224

c.the time of period =1, =2—7r=27r‘/—7— sec.
g

t

-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. -

450 s pa b pblae kT e gliall Cum 3 e auy b 5 g ska a8 dilee AES-16
il e %25 3 JB 3 Ba daw o) g dia JSI 85 5 aeadl I3 AN a5 o e

dad s a3 el CAD e glaial el as il aa gl ALK Baad 930 Ay Adad
1, il 03 AN 5y ey £, ekl I3 5D ekl a3 8 o) ez Jal
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gy I8 Ay AHAN Al b x, , ¥, ¢ f, debe L el JEaN ekl a0,
:Uaﬁ|tmadd3u.._um.n_;ﬁl .aL;.‘N_,ciL.lSi.h[,ijle'!;L;
60 27

. 85 1
“ f; =85 per minute=— c.ps 4, =—=—,
=B o 60 P Ty g5 ST,

. S 25
= final amplitude after one complete vibration=—x,

) 1 < 2r 2r
S Xy ==X, assume a=-—=(.0
4

M ’d ==
2 2% ol -(o,)

Sy = 2 o Bl 2 gfenlia) 2 o ln[x ] =al, = a[60J a[EJ
Y x, x; 85 17

1
ln(4)=-—2—a ~139=07la ~a=19% ,.f, ot w! -a’
17 27
85 1 13 ; _@, 9.1
n—==—Jol -(1.96) .@,=9.1c L= =145

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 3 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 Jea bul 5 3y o (ks a) e L) Gle) po JSI (505 50 Aalae (39 s 17

4 . . . . o o . . .
3 0S5 A )1 B gall AABNT Amsall (f 2m gh (5 deli gl AS pall ¢ A aB kR (B g
D A aal cdh i Y 30 aa f Lo g Ao pasaay JS1 2ead) 68 o g LB Al
.j‘_;ﬂm i.p_ukll Q‘Mﬂ\
:dall

k=50 N/mm=50(10 N/m . \/7 \} 0(10 =14.74 rad./sec.

Damping force per unit velocityde ju 8aa g JSI 2adll 398 2 ¢ ) liely
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let x, = Amplitude at the beginning of the third cycle

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

J,, = Frequency of undamped vibration = O

27
S, = Frequency of damped vibration = %’-’1’—
T
00 TS 2ra 2ra 2ra
1] = a]d = —— =
T ®,  JJol-a® J(14.74) ~a?
ln-a’i"— —In>=0223= 2’“: a=052 La=—=052
5 4 J(14.74) — @ 2m

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

| F, o, 014.74F —(0.52)
o R =r= —d‘ = -4 = = 099
atio of frequency =r F o 14.74

n n
I18-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 cm. 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.

G aa g Al sedd dleaall aley pad g e S 5o pla g1S 90 g3y LSl 18
B o g4, 5 o g Y daws any’ 3a gy au IS slS 15 als OS Jelee Gl g
SN Al i 3} A g 5 3080 58 (i) ¢ QRS (O) (45500 (b g
wledal) ole Joay Ledic 20 50 ae 2edll 235 Gy ¢ A i Baa g JS (Clarall yala)
Jall

A A x, e AlS Bl And g daddl A x, Oleox, AHEY Aeld o) i

W =90 kg 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 ‘
N % =22.12 rad./sec “*intial amplitude =x, =4.5 cm.
m .

Resistance of daspot or damping 4& ju 332 3 JS) 2eall Jalaa 4l 2adll 2aglie 4 ¢ O oy
coefficient per unit velocity
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x, X
x=08cm_ oLt =L ... )
) X, X

{e2)(:3) b )

X, X X3 X, X3

. J:l X _ f =237 . 2ra _  2ma
. x . xz - wd — a)lzuaz

~.In(2.37)=0.863 = e -3 = 2w,

J@2.12 - a2

ca=— ca= 6.9.2) = 55.2kg.sec/ cm.
2m

2_ 2 2 _
Sor= & = ‘Jw" a = J(ZZ-IZ) (3)2 = 0.991
22.12

n a’h
be——— Jwo Oscillations =——————tn

1p

\M

-
-
-
-

(19-3)Js
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. , (¢)The displacement of the body exactly
1.25 sec after it was released from the initial displacement of (3/4) in.

—uall G wad A d e’y diay S 2L 10 Aeles Al B Gle 250 25 &)y awa—19
—1aa g A0 S dua g 2 Ao e die 35k . 1 (Dhedeall (ol deddl Jelas) daglicy (0 V1
O st G Laili() sl el g el aedl Jolaaf) e ghaiall aglall 39 -
e Y it puall daf ) Aua g (413) ASan) Aad 3 Jand 168 5 2ay 3 el 5 ) sall pusall dane)
Aays (413) AHLN) Aal V) die S 5 3y 4l 1,25
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-:M
f oY) @i (€) 2aad Jalaa Slagy —(l)

resistance of dashpot _ % = 0.05 ib—sec/ in

the damping factor = ¢ =

velocity
2 2
10(386)) ( 0.05386) k
w, = 2_[L) = [ J_[ =1242 rad/ B oL
4 4], 5 58 229) rad / sec where w, -
= e 1242 =1977 ¢.p.s=1186 c.p.m.
2 2n -

f o adie, ol 2l Jalas dag¥(w)
e, =2Jkm = 2\}% =1.6 ib.seclin ¢ =~ 0054031

The logarithmic decrement ( & ) <3\ ol aflal sa¥(z)

03 .
cee2mg _ 2003) o5 o 5= TE =”(005)(386)=0.195
Ji-¢? Ji-(0031 mo,  251242)

Ll = = 20822

e daudl 55 pilall 5yl Aadl (aliss] Zuaiy The time of period 1, 5930 G M Sa¥(e)
b uladl 3 9l Algs

xt,,=~=—=0.506 sec
w, 1242

. The time required for 10 complete cycle is 101, =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)= 0.106 in

10
or  x, =3[ﬁ_] = .31(0,322)“' =0.106 in
41 x, 4

Ay Aal ) die LS 5 ey 450 1,25 amy Aal Y Aa¥( )

| £,
LX=x.e [’”]l[coswd.l +

Ssinw,.1 | =
2ma,

(0.05)(386)

.‘.x=—e—[ G ]“ [cos(1242-=125)+
y : .

0.05+386 .

sin(1 2.42*125)} =-0428 in
2%25+12.42

20-1f the logarithmic decrement of oscillating pendulum is 0.03 , How many times the
amplitude of the vibration decreased after 95 complete oscillation.
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e JB (fia paaay (s Ga il e oS ¢ (32003 ) I Y o5l s el oS 1320
ALalS 3 )53 95 aay Y AV

| AR

1AM Al LS Qe B 0585 =0 o W 058y 3 V1 Ay 2ie

*~ after 95 complete oscillation t =95t, and the amplitude is given by

~95.5

A A _,:;.(95_,.‘)
4 =e

ey ==
95

. Ao ] 93(0.03) 3
..Z-_-F'—J—:e =€ =201

iy = A,.e" .sinw.t 21-Amass undergoes damped motion given by the equation

A, =10 cm. ,0=2 l/sec and {w, =08 Ifsec
Find the periodic time of the vibration and the logarithmic decrement
QS ¢ y=A e sinwt Ay Whie ey ded I3 AS jay Sl o aT AES-20

st e gl aflily (50l G M daf 4, =10 cm ,o=17 sec and (.o, =08 Ifsec
tdad

2r 2x
t=—=—=2 sec
®

S 8=t S nedo = o 1 =(0.8)2)=1.6

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%2/ ¢, =025 ¥/ and ,c,=003 ¥,
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 (0) 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) Jualia (b Ailes (s2a] e Wpaaa jia 1,8 Ughy ol sS4 AES fouls il pal-22
ot G5b Lo 1] Do s (ym iy iy A 6_5Y) el ot 2 5US8 AGES m
e wnalls dhiia y (20-3) SS2N (e LS Ao piially Ahsiia 3l 5i CD0y iad 35 DG cipuad)
Py toggeiaill () Jat] g (B (5 g ;B Ao guage Daghial g S S pmge e Sl T2 dile
ko, k,=4,6,26 %/ adc , ¢, ¢=015,025,00 ¥ =/, arerepectively
2l A8 jall Lduatil Abladi-() PR COURRVEU Uy RPORIE L\ IFETNE g MO || FRVR
Alilas aa )l =z all aadll Al B Ll Az guin ge 2 gl O (A L addl Jale ekl
0 = 3 Ayl 50 A1V cailS 1y o5 B 5o Ayl il o 13 ¢ el b AN AS jal
w, =4 rad./sec oapnhl 2 5Y ¢ degree
il &5 (g 32al g 350 30y 22l V) 224l ()
T AN el e %70 Jip dedd G (e iy Adad sl y o8 e G GaSETL Galal ¢ Jadl pasul ()

(3-20) JS2
ol

by mhy ok L 226, 20 5y

1.1 k, +k, 10

kK
o =Cy+ =c,+ 2 0034+ 213295 _ 44 W s

l+— ¢ +c, 0.40

¢ &

16=-YM, Y M, =k xb+c,xb=kb'B+c b8

. . . (c. b k_b?
S 16 +c~.b2.9 +keq'b2.9=0 .'.9+[ "’} }9 +[ “"1 }0 =0
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2
m, 1

p~=3 Iy, = pealll () gl 250 (gigby (1) Aaghaiall (G ) geaill o e
2m_, .r’
! = ——""'SL—+mWN.(I’) 38 Y ) puadl

S 3 I gl pie (5 gbw ((0) sl sne Jya 58U AN eadl o o
Amy i ga (o= B )SI ALS (5 5luy A g0 Hgaad dsa (A gall a6 AV La S 5
s oo La 13 lan i (sSy r 3 S0 kel cieai O |l 12 (sl ) gae 0 L S e

2m,ﬂm.r2 )
— Dl Jagy A L il

2 2

= ’""'3{1 +m_‘,,,,l,,,‘,.(lf)=f''(;—'3)+8-=(1.8)2 =3024 kgm’

. 2 0 2 9o -
Lo 2 029202) o 60002 ) 5506 4238 00

30.24 3024
59 59

o =+238=154 rad./sec , +S=2w =59 =22 =_27 _0.192

© P S0y ¢ 20, 2(15.4)

o—e A8l Wladd Jall (55S0y 1=L iz et Sl puay 6 LS e shaiall (55 Latie—g
AN Asleall 5 goaa
@=(A+ Bs)e "'

from the initial condition ‘cat t=0 ..6=6, ,0 =%= 0

2O=(A+Bne™"  0=(4d+Bo|-w, e |+ 0+ B>
cat 1=0 §=0=(A+0)-w,e°|+(0+ B)e® =-w, 4+ B
.B=w,A , A=6, ..B=w,b,
sal A=6, B=0,w, ,after 1 sec . .t=1 .‘.9=00[1+a),,1e- o
cat @, =4 rad/sec , 6,=3  .60=3(1+4)e =15(0.018)=027"
£=70 % Jalons (39— 7)ol 2l (2 70 % eddl Jiy Leic § a3 )18 5l 0l la¥-(9)
Al ADA (e a5l g el e Tl
272(0.7
x, _2ng _ 2A07) o

5, J1-¢8 J1-©07)

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 natura! frequency and
damping factor.
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1kl s ua (3-21) JSANG (e LS Liaian A3 phaY S jall Glatiad) ablad) aa 423
1ag Al a bl }jm&iih,u‘&pc:\hhahhjkunhu@butmlg.’:hs_,
cdaall Jale y gapdall 23 0 sa g BY 38 02 g a5 (4 shan¥)) Alnad Jang IS S

X, x',x
w 18"

Jg\ e , el , en/
7 U

7 ;
4
/
7
x=rf , m=W/g

(a)Oscillating cylinder (b) Cylinder in dynamic equilibrium,
(3-21) J5sh

I gl e 5 g psma ) Jsn Lo pand (I jgeald pie o483 el ) glaal A kil ks Jad
s yaall g aad a pe o8 ABED s Jealadd Ulias s ALSH S s s 5 30 ssne Jsa puaal!

vx=r@ ,x=r@ ,x=r6 ,F, =ki=kr@ F,=cx=crf

spring
10=-3M, ~Y My=For+Fr=k’8+cr’.8

.o‘]'_—](; +m.r2

S, v mr).+ 8+ cr’.6=0
cr'.’ . kr2

5O+ ( .G+ £=0
1, +mr2) (](l.+mr2)
kr2 C (,‘.r'2
LW, = ———— . .psS S—=20.0, =———
1(; + mr? P m C ](; +mr2
2 2
Y AL A O  —
1, +mr’ ¢ U, +mr’)a,

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.sec/in , Determine (a)the differential equation of motion. (b)the undamped natural
circular frequency (c)the damping f2 .or. (d)the damped natural frequency.

cay /46 ekl Cul ¢ gl 16 cualll (55 OIS 1Y ¢ (3721 JSAL Al L glaidll-24
€0 Jmaiall e A gy 20 and (Sleteall ale) alsd) Jlai] aadi ¢ duo gy 26 il Sy
=232 gl Ao g3 /AG0B4L 0,18 2eal Jalns

sl 20 (3) i ile (7) caade mdl (g S pankall 20 3 (&) A8 all Aloalinl dlsladd (1)
Laall S
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(a)The differential equation of motion of the system.

TS

772777

fig.(3-22)

sl Sl (o e Slad¥E G sldayy Rl B (g gluy SalSH 0

DY M, =-18, Y M, =kxJ+cx1b=k?H+ch.6

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

an . pa 2 ] 2
10+ B +cbr.8=0 .-.9+%9 +%9=0

ki’ c ch’? cb?
L@, =.— Cc.pS So—=2l 0 = — S C=
A I m 640, 1 ¢ 2.0,

2 - 2 e 1]
g 018200 o (©*Q6F s 6434260 = 0
9.34 9.34
0} =43426 @, =~/434.26 =20.84 rad./sec
2
A Y S S (U1 L L) PP
27 2n 2(9.34)«(20.84)
J1-¢2 0.84W/1-(0.185)°
oa fd =ﬂi_= mn 1 4 = (2 8 l ( 185) =3.26 HZ
2 2n 27

pr O

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 (8)to

the pendulum from its static -equilibrium position , Determine:-

damping factor.

(b)The natural frequency and the

t\pa_lmhru)hsq@,mma)scyg,ﬁg(s—n) JSAL el o glidt J gaidi-24
1.3}_.!.&“;“3)&“;&41&3&&\3&““)‘ Odﬂdbéwt‘ﬂ\JstJLU}L
MR UJL-.A\—(‘) —raa gl SN ) ponse (o () Bpiaa Lyl ) dal Y J il Jhe]
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L+n

%, =(L+r)sinB=(L+r)0

X>=Lsin0=L9

fig.(3-23)

M, =-16

) ZMO =hx,.(l+r)-mg(l+r)f - Mg[é}ﬂ + cx., (I+r)

LD My =k(4r) B-mg(l+7) -—Mg(é}e +c(l+1).0

M2 2mr’
+

pher = N +ml+r) cor<<<l

=1, +1
S d ey =m(l+7) only

- 1.6+ [k(l +r)2 —mg(l+7) - Mg[—i—ﬂﬂ +ed+7).6=0

2
.,.w"=\/k(l+r) -mg(1]+r)—Mg(I/2) NPy
. C c(l+r)? c(l +r)?
=W =20 T
s S e

26-Part of a structure can be modelled as a torsional system comprising a bar of stiffness 15
kN.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
osciliation, the number of cycles executed before the beam motion ceases.
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15 kN.m/rad. Atalas il Jaiy gl ) e} I3 Ae glaiad 73 gad (4S5 A28 5 (e ¢ j2—26
Gosl ssae Jsa 50kg.m” ¢ (AW palll o Ay o(3-23) SN Auadl A skl LS
0.05 L—a ;o8 aall 441 5 3l ) s 1 ¢ JON Jiuti) JIa0 Sic RSSaVY o e 0S5 of daly

coiall A i J8 il A sl axe y pandall 2330 ¢ GV iy e rad.

Bar

Guide
fig.(3-24)
3
1500) _ 1581 padssec oo f, =2 =252 HZ
27
4
loss in amplitude | cycle = F, _ 4205) =0.004 rad.

k. 15%(10)

angula rdisplasment 008 20

.. Number of cycles for motion 1o cease = = =
/¥ f loss in amplitude / cycle  0.004

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

© Aoy die 5 (A A m ABSH EB (g glud ) gl ABS (3-25) JSAL A Ao il 25
1600 (salill Jalaa g 10 kg AL ¢ 0.2 A8 all Gilall SSaY) Jalna 2mm 4558 ¥ Ahii Jya
OS5 Latic S ay 13e ¢ $ =100 1/ cycle g 30 A jull il 13 48 nl daw 2n 4 ¢ N/m
¢ Llae &lly my e ¢ $ @=10 1/ cycle

:dadl
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T

fig.(3-25)

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

~F=m en’ =[9](0.002)(10)2 —0667 N 2N (02)+(10)+(6:81) _ 29.72
3 F, 0.667

uN
ﬁu_,&o_y_,ﬂ‘a,&“ ULQ\J‘J_, T>~% O Ladie u;a:l‘dam}:u_,sa‘\s)ﬂ\ ST

|
1hle B2l ©=100 1/sec < Ledic y ¢ SAGLYT SaY Je aladll 461€
, _ (10)#(0.002)+* (100)’

F=m ew : =667 N
LHN_02)200)+081) )0,y BN T
F 66.7 ko4

PATE Abaal (pe daadl oy Sy Wl g ¢ B paine 455y Al Allall 338 L8 A<l o S5

2
4u.N 4 ?
1-| —— —|| 2L
B [ xF ] 1 |: (0.294)]
= =1.52

4 [l_[a,ﬂ - @25y |

2
el _ 2. 2=“’2.@_0625
1 @, 160
ol gy DIl 3 B i gailly

=1.52 , x=‘1‘52(F' -152[667J 0.064
ok 1600

. F/
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.

b S 3 g0 < ol A 2a e (£=0.03) z ) dad s baaly Loada p DA ghie28
1o mm. dad )l 5 eal dew CulS 1N 3 e Aagd Gl 3y sall dbay die 4a ki) A8l
el
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ol =<1, 8= |n[i] 2 27( = 27(0.03)= 0.1884 - 2L = % = "™ 1 207
X,

X,

- Energy ai start of cycle =—;—lcx',2 = (slored as strain energy in ._spring)

Energyatendofcycle = %k:;

1 - lkx’
. Energy dissipated _during cycle (ED) 27' 27°

Energy ar start of cycle (E)) 1 kx?
2

2 2
=|_[‘_=] =|_(#J =0.3136
x 1.207

aal 53 )90 8 833 S AU 0 31.36 % s O

w2 o288 =X _ 1207
X, X X, X,
=(1207)° =656  nx, =t =18 _ 0243 mm.
Xy, X, 656
IN

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.

s a5 i il i 8 o} 5230 AES Cille ¢ Ll B (Bl o) 2300 ZS paa— 29
aie s Ga M) gl 1,4 2ai 313 ) Figad) paaall e S aBlEl 5 ol Ll
pasl 70 (5 ko 5 Y 3 8 Anndl S 1Y (4, ) O die Anadl() LM

o) i pai M die Ay 590 Ha M LSy, = 0, G o 36A) (S Levie:Jall

o= 27 —B . B= d where f, = 2z
@, r w,
wmg =kA k= r_ng_ 30(981)

.'-wn_umm ‘\Iw -232 = ." --;' = 111—_ ]4 —095

l .l =1.053r, i,=2 J-;:Zﬂ 3004 =0.634 sec

‘/_ 030 ad =99 rad./sec B 9.9( '4)= 2.21
300 2z

. =1.053(0.643)=0.667 sec
&
m

h
D 2 _p? - 2 =3
T e 1)
r 4\ 4\

1

A
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o oA Jaladl Jabaa1
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2 m g3 (1) 35—aall Alail ALY S ) gl 55 225 =5
iy (3-2) JSaN cpadd Lkl
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z ol bl Jalas 2a 5 <1700N/m
r.); e b KW Ae ju (ol (Allate Adapi gy 58 -7
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. Y Jsboaih Jebaay

% ——1 o oo Y sl ks — 28 i g -9

Z ¢ X A i 1 iy S 5 5 o s
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= by W 09y A dabue o3 Aial Aagie -1
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Laphll oyt ) 4 7, OIS 1Y (3-5) JSa
S e el ae (555 gy Jiliad e Gl
i Latie & Bhtiall o550 B ey T, 3 elped

Y= 27w

gAtT,

2A « F; = p2A4v op dajall o Jilaill 58 o S

Gagiiall Lo ju v Aanieall LI el dabud) o

+(36) JSAN; Aigsal i gill Alladl) 5elundl aa gl -12

ks Sl a3 A pLail] ATl oclunad) a2 4f 13
O—hagoyall sy pnall 4l 51 oeluaadl i (3-7)
K Ko A5l e

it Caul (5) akiid die Allaill ABSH e 2a g —14

LS QUL O\ RO

ki

m
O—tta LS 0 e nl ddlall 22 35S0 je 1 4) obs madli€
(3-8) JEal,
Otnl—ﬁ! _!
77777\;7777," '
| (3-8) e (3-7) o2

W0 g8 Aol 5 ya 4y Fal e perdl g Aud aa s 15
m=17.5kg , k=7.5 kg/cm , c= 7.5 kg/cm /sec 4V Ll 53l il s QAT Ae gers 16
WSl Ll s A papall 295 () RN TR || X
O (1) Fad (s s (A8 ) ol Jelan ()
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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 My;=10 N.m and w =10rad/sec

DS

mu20kg _

& = 2000 N/m
rs02m

7 =02kg m?

(3-18) Jsin
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