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1. INTRODUCTION

Squezl nolse of the aulomobile brake system has aftracted much etiertion &s the other paris
become quieter. In case of the drum breke, friction induced vibration of coupled system,
binary flutter, 15 the most prominent squeal mechanism Instead of the stick-sp phenomenon.

While stick-slp ocours when the fricion coeffident . depends on the relative veloclly,
especially when v cuve has negalive slope, binary Futler ocors even when x s
constant over some velocty range. In this model the fining mtedal is considered 25 a soft
dlagtic material whie the dum and badplate of the shoe are considered to be rigid
Therefore the lining thickness is determined by the relative displacement between drum and
backplate, and in tum the pressure, proportional to the thickness variation, also depends on
the radial displacements of both structures. This change in radial force results in the friction
force varation. If drum and shoes are modeled as a thin shell or fis section, the dominant
mode of vibration is the flewral vibration and the drcumference of the neutral surface of
sach structore remains unchanged. Therefore coupling of the radial and drcumferential
displacement due to zero hoop strain and coupling of the normal and friction force resutt in
a posttive feedback and cause the unstable responses generating high intensty sound.

This model was frst proposed by North{1] considering breke system as a lumped
parameter system. Millner{2] considered the dmm braks as a ofindrical shell and the shoes
as curved beams. Okamura and Nishiwakil3] developed an Improved analyfical model and
stufied the effet of fricion ooeffident on the stably. Lang et al[4] developed a
experimental modal analysis technique for rotational modes and showed thal the noise
generation Is maly due to the binary futter. They also have investigated the complex
modes resuting in the squeal vibration. Day and King5) used FEM for moda) analyses of
S-cam drum brake.

tn Okamura and Mishiwalds model the coupling efiect of dum vibration wih the shoe
through kiction material requires the information about the mode shapes of the curved bar. In
this study an improved elgenvelue approximafion is proposed for a curved beam which Is
essential In estimating the coupled system's mode shapes. The calculated characteristic values
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showed good agreemert with the exact solutions. Experimental verifications are aiso given to
support the usefulness of the propesed method.

2. VIBRATION OF A DRUM BRAKE SYSTEM

Aﬂhoughabrakedmmlsanql‘mdriealshellofﬁnilelmgﬂnwimanendmp,tteenbe
assumed to be one with both ends open, based on the experimental results of modal
analysis especially at the lower modes. Also shoes are considered as sections of cyfindrical
shdlmwwedﬁeﬁreebemﬁgum?smwsslmrmedgeomehimlmnﬁgwaﬂmdm
brake system. Here & shoe is named as leading shoe and the other as trafing shos.

For the lining material between drum and shoes has smaller elastic moduus (usually less
than 1100 of steel) than the structwre material, its thickness is determined aimost by the
felative displacement between drum and shoes. Therefore the pressure on the drum exerted
hymaleadingshoematerialmnberepresanedasmepfodudof\'mmg'smmm:sandma
nomal stain of the fning materidd R,=(E,/#)(n,—u) and the shear sress on the
contact surface Is proportional to the normal pressure as F,= . R,

Since the drum is considered as a thin shell the zero hoop strain condition gives the
refation betwesn the radial and circumferential displacements as ug=~du/d¢. From the
periodichty of 2x with respect to 4, the sh mode displacements can be represented as

—304/d3¢ — 80, 3¢ aa(d
[ %] - | o] L
4 a Dy a2
Where @, =—sinsg/s , Oy = coss¢/s , (5 : mieger) and aa(h and g, (p are
generalised coordinates of the sth mode. Deformation energy of the drum, i7,, and overal
kinetic energy, 7., are represented as sums of modal contributions as

U=t BU-d MG+, To= AL S ) i iah @
The generalized force of the drum can be expressed as

" OR, du;  8F, du 5 AR, duy 9F,
= g YR L T Y4 o SHd I} o
Q= [ (GGt s 52 ahrip+ [ (e as T 30 F0s)9 @

whera subscripts d, sp, and ss represents dum, leading and trailing shoes respectively.
Applying Hamiton’s principle, the equations of motion of the coupled system for the
Mode Is dertved as below. The details of coeffident matrices are given in ref[3),

MR+ KX= LAX +uLBX 9
where M . modal mass matrx, £ - modgl sifness matx, of unooupled eystam,

A, B :mode coping matrices |, X7 =[ ¢ (&) au(d @300 au(d]
3. DERIVATION OF THE MODE SHAFE FUNCTIONS OF A CURVED BEAM.
In calutating the elements of the matrices in eq.{d) the mode shape functions of circularly
curve beam is required, The equation of fexurel vibration of a clrcularty curved beam [s

‘1%!'“(1*%7)(“*73%):” where %{—ﬂ} —ﬂb )

Assuming fime-harmonfc motion with frequency w, this reduces to an ordinary  differential
equation with constant coefficients and the comesponding wavenumber-frequency relation Is

M2 +1—o=0 , whee ¥/ Ki=g' (o) 1). {6

General form of the mode shape fimction @, Is given as a [near combination of trigono-
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metric and hyperbolic functions. Hf the sohdon is grouped as a symmetic parl including
cosine end cosh terms and en ant-symmetic pat with remaining terms, from the boundary
omdh‘lonsofatrea-fraebaammemaraueﬂsﬂceqmﬂmisglvenas

—"é—’- tanizll = 4‘23- tanh—-L for symmetric parts, where AZ;=2211.  (7)
Atthough this ecuation may be solved numercally, a dosed form approximation can make
0 easy to se¢ the parametric dependence of the syslem behavior. For 2 > 1, A's can be
approxdmated a5 A, ; = e+1/20 . In reafity o« for drum brake is usually of the order of.
10° that tis Is quile reasonable. Denoting m, as the xth sohtion of tanhm=—tanm, =
can be expressed 85 ay/2=m,+x Where x Is the pertwbafion variable. Substituting this,
A, and 4, &re approximated 85 A, ;= m+xty fdm, . Sice m, 5 very near fo
(dn—Dnfd, (n=1,2,.,.), faciteting the smallness of x the sofution is obtained as
x = —Pm,—Diim} . Tharaforethesymmm mode shape funcion IS given as

The shape functions for anﬂ-symmrlcmdemnbaobtainedmaslnihrtam
4 NUMERICAL RESULTS AND DISCUSSIONS.

The approximate soluticn of the characteristic equation for a curved beam is compared with
fhose given by Okamwa and Nishiwalf3). Table 1 shows the results, where the exact value
is obtained through numerical enalysis of the eq(7). The proposed approxdmation gives much
better results especially in the lower modes which Is of more significance in squeal vibration.
Once the mode shape funclions ore determined, eq(d) gives the modal frequency o where
the elgenvectors give the mode shapes In terms of generalized coordinates. Table.2 shows
modal frequencies calculasted by the present method and those meamred by Impact tests.
The first two frequencies coincdde with the measwed ones though the 3rd and 4th
components show discrepancy of about 5% and 15%. Also frequencies precicied by finte
glement method shows similar but a [itle higher than those measured. However, this resull
looks quite satisfactory bacause dominant squeal frequendcies lie in the range from 1 1o 6
kHz. Fig.2 shows the mode shapes comesponding to each modal frequency. For a modal
frequency a palr of complex conjugate mode shapes are posshle as shown In these figures.
This kind of degeneracy Is called double! modes(5] and has no preferred engular positions,

~ Fig.3 shows 4 mode shapes of brake system measured on the drum by Impact test.

While the drum is modelled as an open cylinder of finite length and deformation of the
hub is neglected in this study, the hub motion becomes significant at higher order modes
and more elaberate model is required to take this into account

5. CONCLUSIONS

Using an anafytical dynamics mode! and normal mode funclions, a equation of motion of the
drum brake is derived. In order to get a dosed form expression of coefficient matrix in that
equaion @ better approximation to the characteristic values for the vibwation of a curved

beam Is proposed. Comparing with the numerical analysis results the proposad apjroximation
gives better results. Calndated naetural frequencies showed good agreement with measured
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ones a the 1st and 2nd modes bul some discrepancy al the 3rd and 4h modes. Calculated
mode shapes look almost the same as those measured up to 4th mode.
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Table 1. Solutions of eq.(7) by various methods Table 2. Modal frequencies caloutated by the
proposed method, by FEM and measured

tumerical proposed lunit : He
analysis method
order| A | A | 4 3 4
1 218 166 215 308847 507056
2 | 479 458 479 3244.00] 4394.50
3 | 751 737 751 34382 47560
4 | 1023] 10.13] 1023
5 | 12.96] 12.88] 1296
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Fg 3. Measured mods shapes Fig. 2 Calodated mode shape pairs

at 845Hz,2648,3244,4394Hz{from upper lefl) a {=338,2646,3086, 5070Hz{from top)
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