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1. INTRODUCTION

Squeai noise at the autonobfle brake system has ottraaed rrrudr attention as the other pans

become quieter. In case at the drum brake, friction induced vibration oi coupled system,

binary flutter. is the most prorrtinent squeal nedranlsm Instead oi the stidt-flp phenomenon
Westidt-sflpoewrswhenthehldionooeffldenl ,rdepmdsonthereia‘liveveiodty.

espedaliyvmen u-vumhasnegativeslope,binaryfluttaroowrsevenvdm his

constant over some vetoo‘ty range In this model the lining material ts considered 3 a soil

elastic nateriei while the dnrrn and badorlate oi the shoe are oonsidaed to be rigid.

Theretore the lining lhidmess is determined by the relative displacement between drum and

backplate, and in turn the pressure, proportional to the lhidmess variation. also depends on

the radial displacements of both shudures. This drange in radial force results In the friction

force variation. li dmm and shoes are modeled as a thin shell or Its seann. the donrlnant

modeotvihratlontsthetlernralvlbrationandmedrwmierenoeoitheneulralsrriaoeoi
eadr shudure rerrains undranged. Therefore coupling oi the rathal and drarrrlerenthl
displacement due to zero hoop strain and owpfmg oi the name! and iriaiorr Ioroe result In

a positive ieedbadt and cause the unstable responses generating high Intensity sound

This model was Itrst proposed by Nonhll] oonstderlng brake system as a lumped
parameter system Millnertzl mnsidered he drum brake as a oyiindrltal shell and the shoes

as armed beams. Oitanura and Nishiwekilsl developed an Improved analytical model and

studedtheeitedoitridionooetfldentonthestahtlity.Larrgetel,[4]deveiopeda
experimental model analysis technique tor rotational modes and showed that the noise

generation is mainly due to the binary flutter. They also have investigated the complex

modes resulting In the squeal vibration. Day and KtmiS] used FEM tor triads] analyses at

S-cam drum brake.
In okamura and Nisi'llwald’s model the coupling efleet of drum inbralion wtth the shoe

through Iridion material requires the lniornation about the mode shapes oi the armed bar. In

hisshrdyanihproveddgonvalueapprordnaflmisproposedfmamwedbeamwmatb
essential In estlrrating the coupled system's mode shapes. The caladated dwaaeristlc values
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showed good agreement with the exact solutions. Experimental verifimtions are also given to
support the usefulness at the proposed method.

2. VIBRA'HON OF A DRUM BRAKE SYSTEM

Allhoughebrakedrumlsancytindricelshellotfinitelenglhwithanendmp,llcenbe
assumedtobemthbomendsopmJasedmflteemmentelresmdMal
anahsisespedfllyatmemmodesikosinesmwnsidaedassecdmsdwflndnml
sheflwwwedheelreebemnsfigumtdtowsslnpfmedgeonehimimnflgmaflondm
brake system Here a shoe is named as leading shoe and the other as traiflng shoe.

Forthelinlng maisibetweendmmandslneslnssnnflerelasficmodidufiusueflyless
titani/10tlolsteel)thanthestmchirermterhl.itsthidmessisdeterndnedalnnsttrythe
relative displacement between drum and shoes. Theretore the pressure on the drum exerted
hytheleedlnushoemtertalmnbewesentedastheprodudolYoung'srnoduhtsandthe
nomni strain of the lining nateriai R,=(E,/h)(u,—u,) and the shear stress on the
canted swlace ls proportional to the home] pressme as F.= 111%,.

Since the drum is considered as a thin shell the zero hoop strain condition gives the
relation between the redial and drclnlerential displacements as u,=—av,/a¢. From the
periodldtyol znwithrespedto ¢,theahmodedisphoernentsmnberqresemedas

404/” -30.2/3¢ 0.10)

t 3"] = i i m' 0n: ‘94 are“)
where and =—stns¢/s .04 =coss¢ls , (s : irtteger) and “(2) end “(1') are
generalised coordinates of the sh mode. Detornetion energy at the drum. 1),, and overall
kinetic energy, 7,. are represented as sums ot modal contributions as

ul=iggi §l(l_sz)'(0i1+flza)v n= "#4" gown ah ash (2)
Thegeneralizedforceotthedrummnbeemressedes

n are 0:. BF av I: 31?. 31; 5F. 31)°~ = LleW1+TfVZW+LK as VS’rWaTZW ‘31
where subsc‘ipts d, sp. and 55 represents drum, leading and tuning shoes respectively.

Applying Hamilton’s the equations of ntotion ot the coupled system for the
mode is derived as below. The details of coetfic'ent nehloes are given in ret.[3].

MX+KX=1AX+uwX (4)
when M:nndalmessmltrix. Kznndeiflilrissmolmmrptedm

A.B:modeooupiirumetrius . X”=t a.(r) a.(r) 0.10) cam]
3. DERIVATION OF THE MODE SHAPE FUNlmONS OF A CURVED BEAM.
In mluriating the elements of the mtrioes in eq.(4) the mode shape tundions ot druderty
wrvebeemlsreqdretheequationolliemrelvibrationotedrcriariycrrvedbeamis

#i+(l+ai;7)(u+ai;‘g'—)=O where %=‘]—fl7‘fl (5;
Assuming time-harmonic motion with frequency to, this reduces to an ordinary oitlerentlal
equation with constant ooeflicierns and the corresponding wavenurrber-lreqimcy relation is

11‘ +Zviz+l —a‘=0 . when era/K“=u‘ (41‘ >1). (6)
Generallormotthemodeshepehmtflon o, isgivenaselinearconhinetlonottrigono-
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Meandhypetbdlchmdlmsmfllesdmlmlsgmpedasawmmlcpanhdudm

ooshemdwshlamsmdmanfl-symmfilcpaflwifiwmhhglmflomhbumdmy

mdfllonsdalree—lreebeamhedmdedsflceqmllonlsglvenas

131 mnlzll - ——"211 emu—‘21 ,lar Mammals Ai;=fil. (7)

Annoughmlsequaflmmybemednunmmddosedlwmappmflmflmoan make

neasytoseeMeparalmMcdopmdmoedmesyslembehavlorfov a)1.)'scanhe

approxlmledes A,I,=a2uza.lnreamy a udmmbrakelsmnllyolllworderol.

10a lhal lhls ls quie reasonable. Donollng m. as the nth solulion ol tanhm=—umm. a

can be expressed as a1/2=m.+z when x ls lhe perlumllm variable. Wu this.

A. and a, are Wmed an“: m.+xty‘/4m, . Since 7». ls very nea: lo

(4n—1)n/4, (n=1.2....), Who me smallness ol 1. the soluflon ls obtained as

x = —r‘(m.—1)/4mi . Therefore the symmtnc mode shape lundlon ls given as

3712+] cub—L_ _1 2 _2_ _1 -2m .1’.0,—msh/12W 2)+—7—Al_l A7 cos/ll“ 2). 11,1— 7(2 +514”) (3)

2
‘l’neshapemnwonslot arm-syrmmulcnndemnoeoblalnedmaslmm‘

4 NUMERICAL RESULTS AND DISCUSSIONS

maappronnmesduflmdmmmdedsflcequaomlaamedheamlsmnwedwm

moseglvenUyOlumuamdNWam].Tablo1snmmreams,mememwme

lsoblalned through numerllal enalyslsolllleeqMJheproposedepproflmflmglvesnum

belle!lesdlsespedaflyhflulowermdesmdllsolmeflgnmnmlnsquealvlbrm.

mesmemoedupemwmsmdemmned.m(4)glvesmemddhequmwwme

wagmmmmmmmdwmmmnuezm
mneqmdesmhfialedwwwmmlndmdmosemmedbylmm

mmmnequmdesmmddewmmemsmmesmwghmewdmw
components show dlsaeponwol am 5% and 15%. Also nequendes predlded w llnlle
elemenlmelhodshwsslmllaxbulalllllehlghethnMosemeoflowevenmlsrewu

Iooksquilesaflsfaaolybemuse domlnam squeal frequendesllemlheranaelromllofi

Idlz.H92§1amlhenmeshapeseonespondlngloeadlmdallrequmw.Forarmdal
nequmqapaholmnmlexmlugmemyupesmewsflhasshmmmm

Thlsldndoldegeneraqlsmlleddwblelnodeslslandhasnoprelamdanmposfllons.
Hg.3showsdmde§npesdbmkewslemmewedonmedmmbylmulesl.

Whllelhedmmlsnndelledesanopancyflndaolflnitelmglhandoelotmollhe
hublsnegleaedlnmlssludy,mahuhmllonbeeomesslgnlflumalhlghermmodes
andmereelaboretemdellueqmredtomkelhlslmoamm.

5. CONCLUSIONS

Uslngenenalyllcal dynernllsmedelandnmml modamndlmaaequallonolrmflonolme
dmmbmkelsderivedInordevlogeladosedlormamesslondooelfidelllmmm

equafimaheflaappmflmflmlomdlmdensflcvelualumemwmolamved
beamkwoposedwnwmgMMMnumulanalyflsmmeWwofimflm
gives belle! results. Calwlaled natural lrequendes slwwed good ageemenl with "ensued
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mesauhe1slandzIdnndesmnsomdlsaemnwa1meadandflhmdeawmm
unde‘shapeslookalmslmesemeasmse Weduplodhmode.
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Table 1. Sduflons 01011.0) by varlws methods Tahie 2 Modal frequendes Med hylhe
prom Mod, by FEM and "named

[unit : Hz]  

     

= = sis methnd et a1, [3]

A:
139

4.58 4.74 443_
I331-

1oI13 102 10.07
12.96 1235 12.95 12:5
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