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Structuralvibration is passively controlledthroughthe modificationof the dynamicsof the under-
dampedstructureeitherby increasingdampingratio(s)or alteringtheorderof thestructure.Theformer
modificationwhich canbecategorizedas‘structuraldampingtreatment’enhancesthetransientvibration
characteristicsof the structureandis normally doneusingdashpot(s)and/orviscoelasticmaterial. The
lattermodificationis accomplishedby appendinginertial devicesto thestructure.Thesedevicesare2nd
ordersystemswith eithera solid or liquid inertia. Dependingon the amountof dampingin them,these
devicescaneitherbeusedfor addingdampingto a structureor cancelling/absorbingtheforcedvibration
of the structurecausedby a disturbance.When the appendageitself hasdampingratio of 25 to 45%
(known astunedmassdamper)it controlsthe vibration by addingdampingto the structure.And when
theappendagehasnegligible or nodamping(known asvibrationabsorber)vibrationis controlledthrough
opposingthe disturbanceinput. The naturalfrequency of the tunedmassdamperis tunedto the reso-
nantfrequency that is beingdampedandthe naturalfrequency of the vibration absorberis tunedto the
frequency of thedisturbancevibratingthestructure.

1 Damping Treatment Using a Dashpot

Dashpotis a commonlyuseddampingelement,with automobilesuspensionasits mostnotableapplica-
tion. It is a viscousdampingelement,i.e., thedampingforcegeneratedby this elementis proportionalto
thenetvelocityexperiencedby theelement;seeEquation1

damping f orce � cẋ (1)

wherec is the dampingcoefficient of the dashpot,andx is the next displacementseenby the dashpot.
Whenoneendof thedashpotis fixed,it inputsa forceto thestructureproportionalto thevelocity of the
structurewhereit is attachedresultingin theadditionof viscousdampingto thatstructure.

Suchdampingtreatmentis demonstratedby attachingadashpotto thetip of acantileverbeamdepicted
in Figure1. Thesolid line in Figure2(a)showstheFRFof thebeammappingthedisturbanceforceinput
at thetip to thedisplacementoutputof thetip.

The effect of addinga dashpotto a structurecanbemodeledby addinga feedbackloop feedingthe
displacementof the structurewherethe dashpotis locatedto the structurethroughthe dashpottransfer
functioncs, wheres is theLaplacevariable1; seeFigure2(b). Thedashedline in Figure2(a) shows the
FRFsof thestructureequippedwith thedashpot.Theadditionof dampingto thebeamusingdashpotis
quiteclear.

1Notethatthedashpotforceof Equation1 dashpot f orce � � cs� X , wheresX is equivalentto thederivativeof displacement
x, i.e.,velocity ẋ.
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Figure1: A cantileverbeamwith adashpotattachedto thetip
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Figure2: (a)FRFsof cantileverbeam(solid line) andthebeamequippedwith adashpot(dashedline) and
(b) blockdiagramof thebeamwith adashpot

2



Evidentfrom Figure2(a),dampingtreatmentof a structureusinga dashpothaslimited effectiveness
on higherordermodes,but is mosteffective on the first mode. This is becausethe first modecontains
mostof the vibration energy anddashpotwhich is an energy dissipateris moreeffective wherethereis
moreenergy to dissipate,i.e., thefirst mode.

Example 1.1: Quarter Car Suspension Model
Considerthequartercarsuspensionmodelshown in Figure3. m0 is thesprungmass,mt is themassof

Figure3: Quartercarsuspensionmodel

thewheel(tire andits accessoriesknown asunsprungmass),kt andct denotethestiffnessanddamping
of thetire, andk0 andc0 denotethestiffnessanddampingof thesuspension(strut), respectively. x0 and
xt arethedisplacementof thesprungandunsprungmasses,andxc denotestheroadexcitation. Usingthe
valuesmt � 40 Kg, ct � 200Nsec/mandkt � 5e5 N/m, plot the frequency responsefunctionsmapping
roadprofile to thebody(sprungmass)andhub(unsprungmass)displacements.NotethattheFRFsexibit
two distinctresonances/modescalledtire modeandbodymode.

Theequationof motionfor this 4thorder, 2 DOFsystemis

M1ẍ � C1ẋ � K1x � Bcxin

whereM1 � �
m0 0
0 mt  is the massmatrix, C1 � �

c0 ! c0! c0 c0 � ct  is the dampingmatrix, K1 ��
k0 ! k0! k0 k0 � kt  is thestiffnessmatrix, Bc � �

0 0
ct kt  is theexcitationmatrix, x �#" x0 $ xt % T is thevec-

tor of two displacements,andxin �'& ẋc xc ( T
is the excitation vector. Displacementof sprungand

unsprungmassesin responseto theroadexcitationcanbederivedin Laplacedomainas:

X �*) M1s2 � C1s � K1 + , 1BcXin

NotethatXin �.-/) xin + �#0 s
1 1 -/) xc + �#0 s

1 1 Xc andX �.-/) x + , where-/) 2 + signifiesLaplacetrans-

formation.
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Figure4: FRFsof sprung(a)andunsprung(b) masses

Example 1.2: Perturbation of Damping Coefficient in a Quarter car Suspension
Oneof theparametersdesignerscanreadilyvary to changethecharacteristicsofthesuspensionsystemis
thedampingcoefficient of thedashpot.Using thesuspensionmodelderived in Example1 changec0 to
half andtwice asmuchasthenominaldampingcoefficientandplot thecorrespondingmagnitudeplotsof
theFRFs.

Figure5depictsthemagnitudeplotsof thesprungandusnprungmasses.Clearfrom thisfigureincrease
in dampingcoefficient of the suspensiondashpotwillprovide gooddampingfor both the tire modeand
the body modedampingbut at the expenseof increased(poor) vibration transmissionto the body. On
theotherhanddashpotswith small dampingcoefficient will make bothmodes,especiallythe tire mode,
underdampedresultingin excessiveresonantvibrationof bothbodyandhub. Thedownsideof having low
dampingon the tire modeis that the tire losescontactwith the roadresultingin the undesirablelossof
stability; thephenomenonis calledwheelhopping.
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Figure 5: Variationsin FRFsof sprung(a) and unsprung(b) massesdue to perturbationin damping
coefficient; nominalcoefficient c0 (solid line), c0 3 2 (dashedline), and2c0 (centerline)
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