
 

FreeVibration Fft O moit Coo t Roc O

PDOF system 2ndorderODE Need 2 initial conditions tosolve

040 xo initialdisplacement

x o ooo Vo initial velocity

Undamped System no cic term

m t Roc 0

Assumingsystemvibratesharmonically X A sinwt tQ
ji w2Aswi wt t 0

substituting intoODE

w'mt k Asinwttg O Unsof equation 0 forall time
sin t 0 for all time

w'm k O WE Em Naturalfrequency W

fo EaFm

Considering general initial conditions

x O x Asinwow t Q Asin y

x o Vo WoAcos WO t9 WoAcos Q

A IxftVo4wf Q tan x WoIV

x Asinwot tf

after converting equationofmotion to standard form we can dividebythe2ndorder coefficient



mic t Roc O

by 2ndorder coefficient t Amx 0

substitute Wo I t w x O

whatever coefficient is herewithegn
in this form Wo2

Damped Vibration

EOFfordampedsystem includes dampingterm

MI t CI t Koo 0

Wewill use trial solutionof x t Aest Aesrte s is a complexnumber

I SAest
I g2Aest

substituting solution into ODE MS't est k Aest O
x

MS't est k O f t 0

tworeal solutions
i S z c tVC 4mk two complex solution

2M one double realsolution

if we have 2 distinctroots Sp Sz
x t A estt t Azesat

Rearranging Sy 2 intomore convinientform

9 a Em inflame g
2

signof thisexpression determines
typeof solution

c2 4MR I two districtreal roots over clampedsystem

c44mR a t twocomplexconjugateroots under dampedsystem



c44mk O one doublerealroot Is Sz criticallydamped

Ccr Link defines boundarybetween oscillatory and
non oscillatory behaviour

critical 1
damping Ej Irma 3 damping ratio

can rewrite solution to si z 3Wo t Wo 3 f
2

Forunderdampedmotion 0 3 c t Sir two iwo

Dampednaturalfreq Wp Wo F

x t AptSwottwo
t
Azelsoo iwo

t AeSwotcoswot 0

def'affrenthiatto harmonicf phase
damping motionwith bagdue

freq WD todamping

For overdamped motion 3 I 51,2 Two two

out e Swot Agewott t Aze worstt APERIODIC

I
realnon oscillitoryexponential

decaydueto motion
damping

For critically damped motion 3 I Sir Wo

x t Apt t.AZ e wot

exponentially decaying
response no oscillation



Substituting new relationships for Wrs 3 into standard EoM

ji t nd I t km x O s j t 23wooi two2x 0

Same 7
initial
conditions

sameXo
displacement p

sameVo
sameinitial
slope

Experimental Identification of Damping

y
t usuallypeakresponse

dampednaturalperiod

peakto peak

out Xeswotisin wot tf eswots

x t TD Xe3woltotTD sintwotattoo g

A In att

g
x t.tt

Swots 273 255

assuming 3 act
logarithmic
decrement 5exp LT

experimentally found 5



We can also considertwo displacements separatedby N periods To
could be verysmall difference between adjacentpeaks noise may
unipact accuracy Using more periodsgives greater difference

Jeep 2,4Nbn
att

x triNTD


