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dhat9fl 3-2

A vehicle wheel, tire, and suspension assembly can be modeled crudely as a single-degree-of-
freedom spring-mass system. The mass of the assembly is measured to be about 300 kilograms
(kg). Its frequency of oscillation is observed to be 10 rad/s. What is the approximate stiffness of the

tire, wheel, and suspension assembly? [Inman ex1.1.2]
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4.3 Over damped motion
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fausnanwuenWwaInsih Over damped motion Wag Critically damped motion %ﬁgﬂs’w
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AREARINK  LanIxaInTANduINIINRNNMINLANGIAYK  wazilaldSoufisuisnannulaldine
NAUAUFINNIZAUQAUAY WLINTL Critically damped motion WInznaUITNFAURIRNGS LT

N3Nk Over damped motion

@T’Jaﬂwﬁ 3-3 A Spring-mass-damper system has mass of 100 kg, stiffness of 3000 N/m and
damping coefficient of 300 kg/s. Calculate the undamped natural frequency, the damping ratio
and the damped natural frequency. Does the solution oscillate? This system is given a zero
initial velocity and an initial displacement of 0.1 m. Calculate the vibration response. [inman

1.40, 1.42]
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¢ 7707—97— m¥+cx+kx=0

Undamped natural frequency w1 laann o, = 1/£ = 1/% =5.477 rad/s ANS
m
c 300
- - T = = =0.274
Damping ratio w1 laan g 2\/k_m 2\/(3000)(100) ANS
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Damped natural frequency @, =m,1- £ =5.47741-0.274% =5.27 rad/s ANS
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x(t) = Ae ™" sin(w,t + §) (1)
unuen ¢, o, uae @, adluaunsasla
X(t) = Ae™ TS Gin (5 974 4 By
x(t) = Ae™ sin(5.27¢ + &) 2)

AAaf 4 uazuina ¢ ananldanidauludniududii

o

o ¢ A a Y o = A A &
%’]al;lawuﬁdﬂa\‘]auﬂq?ﬂ (2) WNYUNULIRNT "ﬂzvla(ﬂauﬂ’]iLLa@\‘]ﬂ’]’]NLijﬂ’]il»ﬂaau‘ﬂ VALY

v=x(t) = A(=1.5)e " sin(5.27¢t + ¢) + Ae~ " (5.27) cos(5.27t + ¢)
v=x(t) = Ae '[(~1.5)sin(5.27¢ + §) + 5.27 cos(5.27t + §)] (3)
LLVIuLf‘]iauvlfllﬁ’]Lé&l@ﬁbmluﬁ&lﬂ’]iua@dﬂ’]imﬁau‘ﬁ. ﬁ&lﬂ’]i‘ﬁl(Z) LL&:&&Jﬂ’]iLLﬁ@]Gﬂ’J’]&JL%’Jﬂ’]i
Lﬂﬁauﬁ aums‘ﬁ (3)
q7‘1Il,21:.31’1 tr=0,x=01m
0.1= Ae’ sin(0+ @) = Asin ¢ (4)
flasn £=0, v =0 mis
0= Ae’[-1.55in(0 + @) +5.27 cos(0 + @) ]
0= A[-1.5sin¢+5.27 cos @]
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0=-1.5sing+5.27cos¢ (5)
wiaunIf (4) sz (5) azle

A=0.104, ¢=1.293rad

A ~ ~ o A A A A
wnlugumsnisedeud &I (2)  azlesunshefuramsiefeuivedssuuns
SURLN A% 9%

x(£) = 0.104e ™" sin(5.27¢ +1.293) ANS
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5. Logarithmic decrement
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Logarithmic decrement

Displacement (mm)
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x(¢

X0
x(t+T)

lag  x(f) Aevwanssuasiiionidiunis  laq

(3-31)

T ARANUNIFURZLNO
A [ A A . o
x(t+7T) faawmeamaanazifiawiiiadinld 1 ausuannim ¢
anafienazldrmnanisdussifienniom ¢ lag Ald udiNaanuazainlunisminuasa 39
inaziianyauaaidudiuniby 7 Low lugﬂﬁ 3-7 wnlidunis £ duduwnils 7 ud? dwnis o, Aae
Wwdwawg 1+ T



WNuAN x(6) Uaz x(¢+7) aNANNFUNUS IUaUNTT (3-27) adluauns (3-31) azla
Ae " sin(w,t + @)
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Wasnnnanswlainna ¢ lag azfdnvinua loiidanadiwld 1 e (1+7) a9nh

0=In

(3-32)

gun3n (3-32) axdouladu

_ co, T _
0 =Ine =¢o,T (3-33)
A o - 2T . &
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(3-34)

R
p
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5=tip*0 (3-36)
n  x(t+nT)
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Equi.
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