FREE DAMPED VIBRATION

In many practical systems, the vibrational energy is gradually converted to heat or sound.
Due to the reduction in the energy, the response, such as the displacement of the system,
gradually decreases. The mechanism by which the vibrational energy is gradually converted
into heat or sound is known as damping. Although the amount of energy converted into heat
or sound is relatively small, the consideration of damping becomes important for an accurate
prediction of the vibration response of a system. A damper is assumed to have neither mass
nor elasticity, and damping force exists only if there is relative velocity between the two ends
of the damper. It is difficult to determine the causes of damping in practical systems. Hence
damping is modeled as one or more of the following types.
Types of Damping

1. Viscous damping

2. Coulomb damping

3. Structural damping

4. Slip or interfacial damping

1. Viscous damping

Viscous damping is the most commonly used damping mechanism in vibration analysis.
When mechanical systems vibrate in a fluid medium such as air, gas, water, or oil, the
resistance offered by the fluid to the moving body causes energy to be dissipated. In this case,
the amount of dissipated energy depends on many factors, such as the size and shape of the
vibrating body, the viscosity of the fluid, the frequency of vibration, and the velocity of the
vibrating body. In viscous damping, the damping force is proportional to the velocity of the
vibrating body. Typical examples of viscous damping include (1) fluid film between sliding
surfaces, (2) fluid flow around a piston in a cylinder, (3) fluid flow through an orifice, and (4)
fluid film around a journal in a bearing.

2. Coulomb damping

Here the damping force is constant in magnitude but opposite in direction to that of the
motion of the vibrating body. It is caused by friction between rubbing surfaces that either are
dry or have insufficient lubrication.

3. Structural damping

When a material is deformed, energy is absorbed and dissipated by the material. The effect is

due to friction between the internal planes, which slip or slide as the deformations take place.



When a body having material damping is subjected to vibration, the stress-strain diagram
shows a hysteresis loop. The area of this loop denotes the energy lost per unit volume

of the body per cycle due to damping

4. Slip or interfacial damping

Microscopic slip occur on the interfaces of machine elements in contact under fluctuating
loads. The amount of damping depends upon the material combination, surface roughness at

interface, contact pressure and the amplitude of vibration.



Bjgnitelt panie v, Pt o] Vi

[~ Fhe stod oB N} brash e -
—ALL/;J-LA Fte procece gﬂ; rce/ -/ /<
K% C_ general v oo (/o ar Fo o jetng |
l — The m tomendn P henbmensa |
b Zrers d:“pﬁ/mw‘%g Llampnt+e VIisasac |

da per, a)coe calles] ch_Q}afaovL.

Viseous damping feresrs froperenc! ﬁfhave}nzi
‘;H’\Q_ maL< .:1ch O-fo !\n Vhe C)))rec,m affﬂ‘g, 7'0

Vhe ve}rv"\‘y 05'7’-6,@_, maee m , Lt cen b= erpreseec] se |

F = Q2 —C] )
Where. o = dﬂmP‘}")’s ua,ﬁﬁcjemﬁ Jb Vie orur deo mfm‘%,

The zépu bod drogam O P Eyi-fem cpn be rc_/bregew}eq

- K@+r) ey 4pplylny Newfon's Lee pnd Jaw

o T m&;t—KCd--fvc/ g —C R

. ¢~ —KA— KX — %

| 52 7/ KA + mig — C

JA = - 9:_,-—~c~');—

g pfmEretrar el )
FB

o At _c_,),); +®m: o
E_T.c R ) rs the a!#ﬁ-cren‘}ﬂ‘d/ Q-Q/LLG‘HD'j &é%oHDﬁXf)f
im.cz w‘A—,.fav’—Hq oj—o clam/eeq) !-Pr-;qigr AL ?&6‘9'“,

s

#591,@"’1;'\8 a Q-O/ch—r"bq ’m ‘f‘hagﬁm %_(,L)-’: CQ_

-711, ,o»g;-@)q e @ir Lt ) ieor %‘m

g
g Spie Ty _,c‘f)




£q.04) hae roDY<

2.
oo k[ 2o 05 ]
b 2.
c /
O r Zghz = e 2——'1; _:t /i% -—_5_ f7
"7"‘)352»0/’;::#0'\ 052‘7 f‘ Meg O e Vl’)f‘&ﬂ ”-sg/
d%@ﬁdmg D~ Whether 'fﬁ;z_c?u@ [@) j /<

f;lfre«n’—/ne br nogaEpre -

R',era
Lb Q)"“) 73“5’ we hcmJ/
/“ 0,
? _ Z,m,s

Jm which Ce2R we hove

an 9’ Fhe 315?”’7&75'\ Fe

g‘ = gz 0 o

-¥ & QHB)Q"W"'“*—/ ______Q;/

0 ee The "ftl"'wﬁn_g %57‘—6'-'\/—0# %*ﬁf’”"f‘

!m“/'ku fm*fvwror
ie caled eriical dam/:m5 EPINE TN & Ao r ot 7




I'~ogih@r and eg?\mh?/

Qrz:k%—‘t; =

e~ oo~ <

an~nd The colutto ~ &Y

Kikher2 04 v < oo pe o etrenfor DL*

b‘%</ bo 1+ ‘7‘_’”3*@*7’: fﬁ&?tq/ou&

r¢c+).-: xa—& : %n(wc;'f*F 95/7._4/9_

w’ cr;)

yedn 1S

&70&!\7 (evhr

=/ ) eee Yhan
cfﬁ 3 ,Dhcue Mg/,sw\ﬁ dth,@gf

%w neffon whpse Glm/ad?,kq'{

Witk Hme The goneral

daeays %ﬁ&nef'ﬂu;é—fy
i’Hm mo#—r"oq Fe Qe hpD~ I‘h'f*")ek ﬁ@ra a_qor
ﬁ t CBF# 7“94;.@ Uﬁdér%’&h)b_?(#'

il




™ T
-« Cas2 J'\— oﬁiar e € sl Bmuy @

&:/ : %;L,G’a‘n}ar}hg O/O‘ﬁ-fl‘f&nfvu —‘267&0/ i Y
Criyical emping oonlfsnf and Yhe ?,a,zem s eoac
o ba criticelys Fompad

The ois Wlawe men &—7%‘7"7’9-\ C;’»‘/ N LHQ
Writen ag ?/

fL(,+) 3 (HB,’-)&"WNJ’“ _-——U%)

-F)
- 77,_
(j kcrw}-iusf 40«mfsﬂng
T“»Mfu_wf-ft)n ‘f—o-“f*hp_,aLWQ D'w C)';)LQ fhe__
7brm9’u.e7°— e Mrear j‘-ﬂwo%a\q 0’6?“)*-\9\_ anc{ 049_197 J 3

/)79%.21\
‘G/@m-g ag{)’/ 6+ Q/ quﬂ
T
Lot vhe roofe ere fe@}o,.\c-) arg»tw;-m?/
Sie = L“%i‘ )w
S'nee g(? jjesn bao Seon tha kb EOTh g/a.-,of
4 ﬂ

are Nee e *)LfV‘R_. a.,l "f‘h,Q_ Oprgf)fo_u;ﬂphyl_ ,_(__ m
ANES W 6)}\ oo o}o_ga.yfh@ P«é—f‘@ﬁenchufﬁ gwem 7
. U 3 AR~ ho, \-3-v4’ *I/*Uq
aie] Qe + by = —Qﬁ)

o




The metien DIV be Aps W“’m?"f'ng ‘.anof

ShpOn VA grre .

L4
4\
— -
“' &/k} ’ qu&mP;ng
E)oa-p.fsfp ~ 1

Mme)-F'ff ,‘S;b'r\}qgk@m hae = ] R h% k :)2 N ™
oneg C = 02 ’\f‘é/mm, oL o/ o e ,ﬂ?u(‘h‘?tfﬁf\ .}5
rfF’)cn_ﬁLPanvf-' -

Tre navearal m—? P e dhq’amf—\@/ S/A/G’-ﬁn I e
v f2pmw00 _ 2).40 ron}/%
/2

CriPeeal czlcw\F” Q unaﬁ»\% ¢z 2mu,

™ ale

. 2018003 L2 = Tsg. Ts f\ﬂs/m or
8- 757 '\Js/mm,

J i W - -( j
A do'v\ibvhgj_mf‘ﬁ ‘%.‘ - 0757 0575
/,4—; o 97346-'7:\ ’'e Unc’prﬂfamF_Q_# C " A = ]
Fre damped notere 75”2*7”"7 Vg ST )
:.g%“-' @gﬁg)p—i 6L = 37’a§r¢gl/§'
Gn o D’?uu,, = 03Gox AP 2)E2 = 1T
Tc,warf—hrﬁ ,B Ofuffomm;sz-
""477'* | > 4
e Xe 5is (2905 T¢>/
[ sia (0t 1




- E)oamﬁ.o»‘l @
| Aingle ,.{v# Vise buebly’ cow ped ey el m haea epnng
Q-P&gﬂp,e& p\é G oveo N [ o ,- erifteal a{omFﬁ.—,g ¢t Sfcn -
p2 Ne % and 0“’“’?‘}‘3/"“5 rovis "503 y xfﬁmﬁ73
. fe glven @O fmifral V“flg»uﬁﬁ /"n “F defermine dhe

~

b oo™ d:;ffaau-npn/—o
be
The natural zs o—j#’w_ afemn O, - ‘/;):

We houne G -~ bgﬂb/mm rgb‘o'\ﬁ-‘;/"r\ « 2 W,

-

- 2 -.[L— = Q—/é:"av;—f—ﬂ

2 & u AXRET e LRFYTE ONEY '\“/"”“
2 Cfaaf\)s.a/*m'.
Assumlng %t 0 . &nd q‘r_ﬁ: !rn/_a,. Wﬂ_—fgﬂ—nora/
yfawwfh\éo d:s’fﬂmmmf—- J&

—w.+ v =
~ e 1 -0 2
'l-cf‘)- = B q:‘_ o' |/ cﬁ l“)n}‘
n [.-_&
wn7L -3 7?7‘9_

For moe"™ af?}P/o—&ﬂHwﬂ—ﬁf— kfy—"‘ra?c)
and g{qquy’» :"—/

—p 2 X
Lo —_—
%m% = .
401/ |~02*




L&g@r)'/"‘ miC Peor £z ny- e

| The loarlthmic deereme ny- repregends 7he rafe ajedhich ofhe
amfah‘yfudrl og_a ge.o., c:/qm}n\g} Vibkraten deercagece, /475
dﬂﬁ—fﬂﬁd s fhp ray‘fwf-B arvr Yoo Clocegelv o c;rn’)!ff'&dll.s' o-a

Fhe sa@ame Sia 0644)42_ meae Ine . bm#\

X
* =8
J W;\k\f\ /1-+‘
PR - g g g ¥

o

[~ othe Oorda e 24N
Ibaarithm g’j 1ha rayite OZ Yo Quecceseve_ am plituden .
i c"sﬁmﬁﬂﬁ“ on wn am ped §7ng [t a

Strnu cotdal o—sei)!qv'-rm w1tk de—nﬁmg Qmplifede Qe Qhpon

jd1e dﬂ’ﬁ-"‘\&_@, 6L 1he hravtura|

in e i—'g»wq g
*The rq%‘ 1200 0P8tV R MP’;’M& s '
Ld
g & 5 Xe’ ;2 &7 Q;\w ta]:_cﬂﬂﬂ&%ud'
4 W 2wy (5 -Fta!)
= — = U'_)
o ; R0,T
,I‘} - 2. c# _’____Crl)
K4

- Q[‘
.| — in :
. st oqs B S )

’ e\,{_)m, ’Lﬁ}\ om f':——'
':-27, - ag\ ol o QK gg/ ,gm)
) -

O ﬁsr. emal) Slam Fﬂ"‘B




ZS %lb etyql)] Yhen R Q?T—c{ @

S'aee ,;.i »
FFO"'n P—?D—a\;p—( N (z tre howre

B i A
/lm5 2
e . 5. N-& %
o? S
o &Q—: = b%ﬁém) :
l27)™ 5

> 3= [lpr2”]e ®

7 /‘3\ . W‘/ )-
A e [[3\‘ —2—};] (For smal o g

— (&

~ Legarthmic decrtemeny can alto lggwlwfahc{
#Bm the ra<re 05 o Pt odeo DBQWQM’ &ycing
part.

Thue zé ., be fhe ampff‘;tud.q_ q e7u,me aZS{Qr %0/

Fheo By . B B B =P "Zﬂd
) 9‘7 Ay 13

ez:)rfu o (S

M oteral ’l"Q 5’74%9_

)~ ,_u)

cnu(;}@)




al o - *—J—'Qh&%:» _‘_Q‘},:_/

% [frgonthmic Hecrerent- & Can bl A QQ)’

er 0 RS

ﬁjwasfﬁn cg) s e mem}\ﬁrm ”
raﬁu) Q_C;J?ge«qg}wb) 7s#m¢vrmh a i
Y‘czc}e.uz'HD\rw F 0:*\}3) Yfe-Fo

U;:i;gcz 4engle d,;;f v)scras damping E747

[d s am;DﬂM
akee S o plete chHaVHMS/ orine

Deferei n R
Ay nps hee Yo }5*'/ n )eo., ,

tae | lroged) yhrm 'C Ao st brorn T
ny d o ping oo |
( D ete—-oivn §£ = &

. ~ D- Z{Lﬂa
9)-'— =
Q””\ 7649#:— Ez@/.‘f—)é.mc,/&

st . o] o
o asbes Bk ( Lo
Nry a iyl deerermenf- B> } =
& o *L/« 2n ng) y
] j‘t‘if,jfi___w/
- B 52717)

% \[K’pr 2L B /Fﬂj%obozfg; K%—g)




4
Example - - A Gnede dof prirg mass dasmper

kcu & w68 a—%@ng g_n,,. aﬁfaﬁng./g?‘-fg’gwegg 55
Gooo M/»q - Dedermine e T}fwiqs
Ca/ crlfree) Samping L,o—D/é%t‘L)o_f)}-—
cL dom/eeg} nayore | ém@?w@m

N ) /p‘gar)!fhmf\(’_ Seerebnme n .

wikepy & & 25‘/2

C,/a) Co———02 poy . Lom Mg = /\f- éﬁ‘ﬁ'\-'/"h.

Ce = 2-"'6)"",0 i I’—K—-’:_ A\/R’?mr

L)

E Q_)Ql/éﬂ‘lﬂ'?()ﬁp w200 AJ’E»/m1

cb.) sloir? @ - 20928 x Bew 220w,

2
Dermad Dafors/ N0 =
oae it CE )
: /;g/;@

745 rad [ee
CC) L pgarithmic of eereroent

2w . ‘Q/JT%)—J
B > l/f_gkn__,' B Y5k

|5 4195 |




-t

A
BZJ—QMB'\'—JI @

"4—5?(2'7]%4" J%E"Q_. ragf'lytanm D’é O osHN af‘
Consyent Velpe X mm/$. The o por /o wsad] WY

'y\t 7“/"‘“- beyermine yho damﬁa’r)g o n<f ZS’"’Q’—juﬁ—h

Q’Z'-Hvrz m—eqe’e—n%_tﬁ& jSr‘em)gﬁ.& maeg e 2.)Kg

We hove. Qﬂ‘ﬁ/bﬂ'ng 5194\% £ o C2

i A= D‘O—? ﬂr‘,/t{) " p :;__,Olmj'
o o F = e . NS
T W " ’55\ Ny

S 2vkm o 2x o = 1897 M i,
Olamf;?ng ‘5&%1*’9? S *c—i—ﬁc_ 138 . o bsg

. ‘ 1oE97
O T he 7%/-%“ e wndey a/amf&zf

o wo [Tz - VI ot
SN S s
=

B8 A vibrating 7&% ) d%ﬂ‘ﬂ&#}‘whﬂ—
%‘Uﬂb‘-&#‘ﬂg Porarop fere |

m:3kg | K< Joon [ € BN e

bederimine (o cz,&m)a}ng M;ﬂ—o_r/(%ha*f-um/

Wmhby % o}or-nfm_c) v/ 4\7Lh9<) DC) ,r_*g@u*}'f;\'hfg

S elreraeni- ed) e 7 o0 G/Mc‘lﬁ?wih'v&

G‘m%!‘rﬁ’t&—dﬂ—f £ y OFWCJ.QQ Cig#&' uu‘w‘t,«l-)

Tho originaf Q‘mpffkfude I #czg’u&c# V"pc?o/}




G
I'\. Df + DQ-MPT\HQ' -
The damping /5 f*gﬂf‘ml ﬂ-yﬂf‘ﬂm MZ%W%Q%H&
ceyera) ?7::2 ;
[, WViscsrus dePﬂ:hg‘_———
— L}y ohe &5 +he Mot f\fn’aerv‘ﬁn)‘* ;—7 oo ’ﬁP"‘dg @nc) seciiry
ﬁw&ma/l velpe b ree Fn ’/4—&%\—&0—7'29-5)3 leEiated slialing swésze%
da&%ﬁo‘;"s‘ w7 A ana)/ d#@mh 0eQ . T'\,-Q QMMHH ddm/m‘qg

regssfe ~ee_ i/l d%cf e ppon fhe re)afive velped ang wpon Fhe
,b&rama#&nﬁ. ff% Fhe damP—)hg L }e»n ;

s BRR Yhe. re@lprag 5@1» 4D *nuzcl‘] )mfbt?¢7‘&'sm Fhe Wﬁ—l%
dam/m‘qg o Fhot- 7 aéﬁo«\c}.c on Wanagéﬁ ¢6L4.7s;=u>~ 7/
plefad wlHe fenp Phas Pifeess | aquation Bt@r Hpsyg;u)

Loeverno Mnesr OSPvh Thit %% d‘”‘“fi’*")g ’
2 ,0:7/ 7( e dron pr Coulpnb Cz/ai\gFJngl,.

‘7-LH\S O}am}aﬁhg DClanrs yhemn a2 "‘ﬁo-n*-sf“hQ P-@*t
rel agaln Coch aff-her/ vy or unlobricokd  The

o a rmF-'}ng PE—Q?S‘%GH(L /e fhit Ve ag o g )bra&#;'cg [ &Dhg}"ﬂnf-
omd ;‘nd%dah%a\é The rebbing Vefve)
2 Cofd pr 2fruoturo/ o/amf:y‘ﬁg .
TL,\; % ds m]b}mg e cg'u,Q Y ﬁg,}n-/erqcp/ é-«:“cﬁb*\
"Th2 mpfoewloo . The street. Sfrorn Slicerom Y ore V’"5T°*"’B
oo [y not a 37[7\&)42‘1'3" [P o Leof- 501“533 Iz ‘57;5/6*3_%)1 /D‘Df;
7+ o 94 ek "Qf?ra.gp-n‘f:c The eroeg qlf&zc)}&m‘&:}l
due Jo mple te)or D/H“cv'faq pes wclo fée wnifvolome
The &x he /mr?b c;afe//mecLL, e Tha ma#m-‘d/

ag-fhk Vibreting L:}-s&,} X—rmjmﬂy)amc/ ammn%

dyf\aun:‘t, &fres O

—-— — T o i




¢

f $’:\7b or )njug&‘l)a; O/Qm/:;)ﬂg_“.- E

Ehmg&t Vibroyien 7 dfﬁf\fskc_:/ ?/m,waswm_

_Q”jp B SRR f"nfewb& fé*‘n/c ports /n Conyse §—
sndar Hecfoading Ioads . Micrrseopra <lips @/to
petre onthe inferfoeet % m/a. o)empnf< Xmm;ng

VGr ) g 8 pes Foon e - *Tbuquf—% Aamping
Q/Femc}& Cetr B }_‘ @f"ﬁQr +Pirnes u_f;;a-h i SUFB&LK
roteghnees oﬁﬁv& mating fDO-rh #4 0 confoef f"m

ars ampli o_% wibr ofior - £FS @ n o~ lineer 477&4

C?'o'np‘ng N

o o s s i o

Qvfu'f‘l on sf THR Qﬁlﬂ_@%q

2 (2,,, = /&—)y /

Mest—gene ro | 7{9* p%&bfu-f—}o.)

=as

B o P
¢ 2 sl e+, l

Where Q) and (5 are Yo arbifrery 9ntfanfg fole
ﬁ’:’ﬂ}e_: mineof 7{ om the Inifral Lﬂnc}r*/“v‘D%i

Hﬁ-’}&;m \7!7‘ Q’C‘L’nng 7
%h aoue &Y - ‘ q

T

s-,. .




o

’ Y - 4 M:‘ﬁ‘&ﬁ%damﬁgp} sﬁgfem k& r;;)
. il i/ _

R ook g, e 8= =ty

Q_ﬂci 5 (Qﬁu._av'-r'oq [’Y—» % LC[ 4 ('Lf“j Q,Pwnf—J
3. wrerdemped gprhe (A1
Z&'—: e e 5"»(’%!*”5/ (

4&&}; Arren Y- = % (—Pﬁ;ig, G]rb-o-vor)

The mace ¢4 O CfBrrng o G.0e r’/Mﬁpn,L. s./g.v‘em e ghven «N
bt | vefw,;(-g/ ('éra"n Fhe  oaes!i bl fﬁs{‘}fy c%ﬁ*dq
where Wn JL $he LanJamPpc/ ~avera/ Zg.ﬂ] 4 c‘r'g%e_
973*6'“- Ftene 7”‘2\ 2‘7Ua'f"° n oY metron GZ ﬁ»pﬁx/sylew) é“ Cacog
dan 1) g2, 3%, DR oa
Lﬁjﬁ‘ghman'ﬁ -8

The dise olea fersionc P?nafmfwm hace mownf—%/norrk? N

Boe K& Clo2— @ nef I'c Jmmersed /n a VISeous Olﬁn‘r/ The

B—ra;ﬁ»ghoéf' "H"R-'??(f 7"9—'\7‘_}5 ‘;g [0 et o ahC}! LYo ¢ rey lpfwg,)
Wher dhe thw)u s Ui ra‘;ﬂ;’ng ) ) s Ufaﬁ_@e.rl/c:(?' a’hP’r‘ﬁd@
BN The SRRyp 2 agﬁa rect fﬂh\ﬁaq zﬁor Lo teg Qe

07C}—Q-G% ﬁa/ én/ Zfo ' M;’&rm)r&
C“f‘) logarithmic olgere mpnf—

C7 qQMP‘hg Wr?m__ GP’Lu'\;']L VCJN;%
e ) pocioedic vﬁma}g Vibratson




— -LD(-QQE[ Vltbd‘d%hbn % O @
g‘ngle_ Qﬂgf%ﬂj’\ Freod s m gﬁ&m
\ U
- Bn ﬁrf_n. era"f-v‘n--\,Q "Fe_rn , at e » neQ o7 s tesrba o)

s Jilis ,o.:ful-f.'lsﬁum PULId o Vonecntee vilkral rn
/

e aaape P"’f’q"%““ L The sudlkm W) come Yo Fegd
wpon e c)amfg'-,g characfer Isiice,

— Lo wage 8a‘rf_g_c’ vitbrelie s There /s an f'q-\fxf.gsg_gcf ZLO,L&
VN Fhe efe m o hith iv_czjrx;‘;‘- W brofs ng .
E)ﬂam}gf e

.

Ca) Gir comFx\es.Ln)—_g
L ) Inerng) Com buthon 2rg R
Ce)moc,h;qg Fro/l ane yorivus pfber methiner/ep,

Forad Vibrafuon wivh Censtant #srmanic Fxelfafione '~
Lo gp r-;.ooi Ve P 480 raafa-n-\q,.q_% 74 2 sd»('fen—r) ey 4787 ,—éfl—oﬂ

< :
/fo* fe rn w11) w'.meQ WikY dohf’“—d g.ﬂuy‘"{

. Traneianl and Fha ‘
sfote and Fhe Jonn D) Vikate DN e

- g# MJ% S iyefe

Ll rpplpfr pLis
K 7]1 a | 4
| 1
. i
r ‘ f S Awf

g X0 X Jarmpale. £ ofo Sawh
Lrpm Noodon'e toeprd /ool
fo Caw} - bi‘Kx—m;é_:o
> m FUlrKa > B ot ka5
E7-u /t a /"hxaau/ gz‘zono/ orer d"%“%f’a/}?
fre tolefron Roz fwo perfx:

Kx e

ey

L




