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Structuralvibration is passvely controlledthroughthe modificationof the dynamicsof the under
dampedstructureeitherby increasingdampingratio(s)or alteringthe orderof the structure.The former
modificationwhich canbe cateyorizedas'structuraldampingtreatment'enhanceshetransientvibration
characteristic®f the structureandis normally doneusing dashpot(sand/orviscoelasticmaterial. The
latter modificationis accomplishedy appendingnertial devicesto the structure.Thesedevicesare2nd
ordersystemswith eithera solid or liquid inertia. Dependingon the amountof dampingin them,these
devicescaneitherbe usedfor addingdampingto a structureor cancelling/absorbinthe forcedvibration
of the structurecausedby a disturbance. Whenthe appendagétself hasdampingratio of 25 to 45%
(known astunedmassdamper)it controlsthe vibration by addingdampingto the structure. And when
theappendagbasnegligible or no damping(known asvibrationabsorberyibrationis controlledthrough
opposingthe disturbancenput. The naturalfrequeng of the tunedmassdamperis tunedto the reso-
nantfrequeny thatis beingdampedandthe naturalfrequeng of the vibration absorbeiis tunedto the
frequeng of thedisturbancevibratingthe structure.

1 Damping Treatment Using a Dashpot

Dashpotis a commonlyuseddampingelementwith automobilesuspensiomasits mostnotableapplica-
tion. It is aviscousdampingelementj.e., the dampingforce generatedby this elements proportionalto
the netvelocity experiencedy the elementseeEquationl

damping_force = cx (1)

wherec is the dampingcoeficient of the dashpot,andx is the next displacemenseenby the dashpot.
Whenoneendof the dashpois fixed, it inputsaforceto the structureproportionalto the velocity of the
structurewhereit is attachedesultingin the additionof viscousdampingto thatstructure.

Suchdampingtreatments demonstratetly attachingadashpoto thetip of acantileverbeamdepicted
in Figurel. Thesolidline in Figure2(a)shownsthe FRFof thebeammappingthedisturbancdorceinput
atthetip to thedisplacemenoutputof thetip.

The effect of addinga dashpoto a structurecanbe modeledby addinga feedbacKoop feedingthe
displacemenof the structurewherethe dashpotis locatedto the structurethroughthe dashpottransfer
function cs, wheres is the Laplacevariablé; seeFigure2(b). The dashedine in Figure2(a) showvs the
FRFsof the structureequippedwith the dashpot.The additionof dampingto the beamusingdashpots
guiteclear

!Notethatthe dashpoforce of Equationl dashpot_force = [cs|X, wheresX is equivalentto the derivative of displacement
X, i.e.,velocity x.
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Figurel: A cantilever beamwith a dashpotttachedo thetip
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Figure2: (a) FRFsof cantileverbeam(solid line) andthebeamequippedvith adashpo(dashedine) and
(b) block diagramof the beamwith adashpot



Evidentfrom Figure2(a), dampingtreatmenif a structureusinga dashpotaslimited effectiveness
on higherordermodes,but is mosteffective on the first mode. This is becauséhe first modecontains
mostof the vibration enegy anddashpotwhich is an enegy dissipateris more effective wherethereis
moreenegy to dissipatej.e.,thefirst mode.

Example 1.1: Quarter Car Suspension Model
Considerthe quartercar suspensiomodelshavn in Figure3. my is the sprungmass,m is the massof
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Figure3: Quartercarsuspensiomodel

the wheel(tire andits accessorieknown asunsprungmass) k; andc; denotethe stiffnessanddamping
of thetire, andkg andcy denotethe stiffnessanddampingof the suspensiorfstrut), respectirely. xo and
X arethedisplacementf the sprungandunsprungnassesandx. denoteghe roadexcitation. Usingthe
valuesmy = 40 Kg, ¢ = 200 Nsec/mandk; = 5e5 N/m, plot the frequenyg responsdunctionsmapping
roadprofile to thebody (sprungmass)andhub (unsprungnass)displacementdNotethatthe FRFsexibit
two distinctresonances/modeslledtire modeandbody mode.

The equationof motionfor this 4th order 2 DOF systemis

M1X+ Cix+ K1X = BeXin

0 —Co Co+¢C
[ ko —ko ] is the stiffnessmatrix, B = [ 0 0 ] is the excitation matrix, x = [0, %]" is thevec-
—ko ko+k e c k ’ ’
tor of two displacementsand xi, = { Xc XC }T is the excitation vector Displacemenbf sprungand
unsprungmassesn responseo theroadexcitationcanbederivedin Laplacedomainas:

whereMq = Mo r?}] is the massmatrix, C; = [ co —Co ] is the dampingmatrix, Ky =

X = (M132+C15+ Kl)_chXin

NotethatXin, = L(Xin) = { i } LX) = { i } Xc andX = L£(x), whereL(-) signifiesLaplacetrans-

formation
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Figure4: FRFsof sprung(a) andunsprungb) masses

Example 1.2: Perturbation of Damping Coefficient in a Quarter car Suspension
Oneof the parameterslesignersanreadily vary to changethe characteristicsathe suspensiosystemis
the dampingcoeficient of the dashpot.Using the suspensiomodelderivedin Examplel changecy to
half andtwice asmuchasthe nominaldampingcoeficientandplot the correspondingnagnitudeplots of
theFRFs.

Figure5 depictthemagnitudeplotsof thesprungandusnprungnassesClearfrom thisfigureincrease
in dampingcoeficient of the suspensiomashpotwillprovide good dampingfor both the tire modeand
the body modedampingbut at the expenseof increasedpoor) vibration transmissiorto the body. On
the otherhanddashpotsvith smalldampingcoeficient will make both modes,especiallythetire mode,
underdampedesultingin excessve resonantibrationof bothbodyandhuh Thedownsideof having low
dampingon thetire modeis thatthe tire losescontactwith the roadresultingin the undesirabldoss of
stability; the phenomenois calledwheelhopping.

(@) (b)
10 T T 20 T

ok

—10}

—20}F

30

a0l

Magnitude, dB

50F

60}

-0}

8ol

-90 0 : 1 : 2 3 —40 0 : 1 ! 2 3
10 10 10 10 10 10 10’ 10
Frequency, rad/sec Frequency, rad/sec

Figure 5: Variationsin FRFsof sprung(a) and unsprung(b) massesiue to perturbationin damping
coeficient; nominalcoeficient ¢y (solidline), cp/2 (dashedine), and2cy (centerine)




