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Topology Optimization of a Brake Pad to Avoid the Brake Moan Noise
- Using Genetic Algorithm
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. | | | ABSTRACT

* Brake Moan is a loud and-strong noise occurring at any vehicle speed over 2 mph as a low frequency in
betow 600Hz. In this study, we targeted to shift the unstable mede that causes the brake moan from the moan
frequency range to sufficiently higher frequency range to avoid the moan phenomenon. We simulated the
finite element model and found out the nodes in which the brake moan occurs the most and we regarded the
boundary and its relationship between the brake pad and the rotor as a spring coefficient k. With the binary
set of the spring coefficient k, we finally used genetic algorithm (GA) to get the optimal topology of the
brake pad and its shape to avoid the brake moan. The final result remarkably shows that genetic algorithm
can be used in topology optimization procedures requiring complex eigenvalue problems.
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Caliper : Rigid

Rotor : Rigid

Mounting plate: Rigid

Axle tube : Bearns

Axle shalts  : Beams

CROD K, : Model of brake pad(Experimentally measure stiffniess)
Kyy < Torsion stiffness mounted caliper(Experimental)

K, : Friction stiffness pins(Experimental)

Fig. 1 Brake system
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Fig. 2 Initial finite element model
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Fig. 3 Finite element model used for analysis

QOT—CxP-W
~-0~0D
$ 3% %

RN

QPT—0xp®

Fig . 4 Eigen-value case

218 s=AsA=HE=EE

AFA EA(Complex Eigen-value)E aj| A} s} 7]
2181 A1 SOL 107(The Hessenberg Method)-S- AF-&
AT Byo]a s e} RE] Alo]o] 3 FE 9
B 282 Fig. 40| 4 vLER vho} Zo] {3k 2 4
oM Zgel o3 npAg Ao E Bo
229 28 Aojel mEWES BE A
kZ A7As 1 vPEEA S DMIG 842 A 98}
of #jA-g argit.?

Table 1-2 Fig. 3o v}El 2 dl2] NASTRAN
Yo A0 B3 Yvt. 73 A (Damping
Coefficient)7’} &9} Z+S 712 o Bobd R}
Laske ojujo] R ¥4 8913} <] Brake-
Moan¢] A F4 & Stk & AT
Brake-Moan2] ¢l o] &&= 200-600Hz t & o] &
ot Reo] Fu4E lkHz o9 15340

2 Z£7}7)7# Brake-Moang A A 3lE Zo] 22X
olE® f¥as 2o sy e Bl
A EEcl 8 B9 Fu 592HZE 7| F o8
°1 = 7}/\171JJ} St} o] REO A9 R

o |

11
0,

3.2 NASTRAN all&21)

2 dAgelAe 94 HAste T 22
(forkyol] o3 2| A == vpg % F7e] Byola
Heg oz AAsc 27 RdoA B
gola H=of YA AE Sy e &
A5 Fx)E A8 At Beolafeg

Fig. 69} Zo] & 24709] g o2 Yol o] &
Table 1 Analysis result of the baseline model using
NASTAN
COUPLEX EIGENVALUE SUUMARY
ROOT  EXTRACTION EIGENVALUE FREQUENCY DARING
N0 ORDER (REAL) (1445) (CYQLES) COEFFICIENT
1 2 -4 4938B4E-05 4252682603 & 76A3B4E-0{ 2 113482-02
2 1 -6.00653BE-05 5.270782E-03 & 3887I0E-04 2 31333302
33 -1082498Et01 6.470630E+03 1 029834E+03 3 S76784E-03
4 4 1GOJYTEH02 7.161698E+03 1. 130820EW03 -4 479311E-02
5 B -19273%Et02 7.158178E03 1 139260E+03  §. 385156E-02
6 6  -1801512B+01 8.4S5368E+03 1 GO4B69EH03 4 000927E-0S
7 7 -9.54457TIE+0S 3.680402E+03 5 85TSIEHQ2 5. 186701E00
8CHE R SRR B YIS I
9 11 -3 I54B00E+01 1.G9B1QIE+04 2 702754E+03 3. 7154958-08
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Fig. 5 Mode shape of the brake moan of the baseline
model
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Fig. 6 Discretized brake-pad

Table 2 36 times analysis results using MSC.NASTRAN

KI1[KI2|KI13 | K14 | K21 |K22| --- {K24| Y
11 1 1 1 1 1 e 15924
21010 0 0 I | 0 ]6075
31 0 1 1 1 1 - L1 112005
411 1 1 1 0 0 | -] 0 | 6664
511 1 0 1 1 1 <o |1 | 4577
36| 1 1 1 1 0 1 |1 0 | 654
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F(k)=-0.]7k|1+8.83k|2-77.07k13-62.87k,4+41.09k2|+4.69
k22+37.49K3-27.81k24-92.68k31-17.38k32-108.78k33-66.58
K34-167.61kq1-68.11k42-67.51k43-69.11k4s+17.94k5,-28.56
ksa+16.24ks3+16.44kss+117.23ke -1 0.38ke2+64.73ke3+
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Analysis of Varlance
Source Pr>» F
Madel 0.0543

“rrar
Corrected Total

Hoot MSE 133, 47679 RA~Sqguare 0.8303
Dependent Mean 654, 90811 dj H-Sq 0.4910
Coeff Var 20,38100

Parameter Estimates

Parameter StandEard

Varlable DF Estimate rror  t Value Pr > (t]
ntercept t 1085, 88127 188 65349 5 76 <. 0001
i1 ~0, 16990 117.21990 -0D. 00 0,.9989
12 8,83010 11721990 0.08 00,9412
13 ~77.06990 11721990 -0'66  0.5233
14 -B62, B6380 117.21990 ~{1, 54 00,6015
21 4108712 117.62669 .35 0, 7329
22 4. 68712 117, 62669 0. 04 0.'36589
23 37,48712 117, 62669 0,32 0,.7554
24 -27.81288 117. 62669 -0’24 0.8171
31 -92,. 67641 117.62669 -0.79 0. 4460
32 -17.37641 117 62669 -0.15 0. 8850
33 -108, 77641 117. 62669 -0.92 0. 3733
34 66, 57641 “117.62669 -0.57 0.65818
41 —-167.680818 118,34433 -1.42 0.1821
42 -68, 10818 11834493 -0.58 0.5756
43 -67.50818 118.34493 -0.57 0.5789
44 -569. 10818 118. 24493 -0.58 0.5701
51 17.94042 117, 62582 0,15 0.8813
52 —28.55958 11762582 -0, 24 08123
53 16.24042 11762582 0.14 0.8925
54 16, 44042 117 62582 0.14 0.8912
61 11722503 117, 62582 1. 00 0.3386
62 —10,37497 117, 62682 -0,09 a.9312
653 64, 72603 117652582 0. 5B 0.5922
64 64. 02503 117.62682 0.54 0.5962

Fig. 7 SAS output
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Table 3 Initial value setting

{ Factor 7R
7R A} = (Population) J 100
A (Generation) 100
| W4 (Design variable) 24
73 o] (String) 24
auf{Crossover) 0.8 i
E ¢34 o) (Mutation) 0.05 B
4 9](Inversion) 0.2 i
9 1 vj(Uniform) ’ 0.1 j
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dbject Functisn is
Waximize ¥=F(xi) ~ axiiraxiZeaxidrantioxet...... 24

T2, a2k = Bar t

Initial dats Faldows
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Fig. 8 GA analysis result
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Table 4 Analysis result of the optimized model using

NASTAN
COMPLEX EIGENVALUE SUMMARY

- BOOT EXTRACTION  EIGENVALUE FREQUENCY DAMPING
NO ORDER  (REAL) (INAG) CYCLED). COEFFICEENT
! GOSOEGS  AMBIGE-D  SHUIE-O SHBIE-Q2
2 IBOE0S  IZBIGE-( SARRE-DS SERVTSE-(1
3 IMBTEAE  SSOMER  (O4TISIEB -1 188578-01
4 LINEAR  GBSIBES  LOBRER - LNDE-0
5 SLIGTEAL  TOMEBHR  LIASIEMS 3%oe-08
§ EBE GBUREMS  LSSTED AERBTE-
7 IBMEAL  UBBIBEM  2NBHTEN 101453603
BN SR LR
9 9 0NMMEBE 1B 2SEMED -A9URE-0]
0 8 BYMUEME  ASIED  LSONE - L BBMIED
U 10 248E0  IOBDE  25ESED 31 1SB0E-0]
R4 BIBOEN0l  2IBGE4 | ABISHENR -73%7E-03
B 15 -LBOREAR  2TBME  J6DMED | IOME-2

L E X PRR LY e
Tramlevamanty (c) 40 anein < 170 G6BALS

> 9.0%0-07
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Fig. 10 Mode shape of the brake moan of the optimal
model
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Table 5 Analysis result of the modified optimal model
using NASTAN

COMFLEX EIGENVALUE SUMMARY

BOOT ENTRACTION  EIGENVALUE FREQUENCY DANPING

NO. CRDER  (EAD . - (MAQ) (CYCLEY - COEFFICENT
L1 MG BOER GMED  268MED
22 TEERE-B  2IUMED JMBNE-M 6GKIEND
35 IBBUBA MR LGAREBR 3EIEQ
43 GNUEBR  OMNED  LORMEM -1
S 4GSR GESEE® BB L EBLE0]
68 BB SEHER  IDENEG  3708WED
76 TR SBAME BB AHENEAD
8ot SR LN AT . .
§ U -IOWEEM  ITROEN 2BBREAR LSIIE
08 L629E0  1SBRE  OTI0E 201180l
D ITSNER  ISOIPE0  2WBAE 2UBEE
5.&8 &
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