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Abstract: The present study conducted a parameter effect analysis of low-frequency squeal noise using a numerical
simulation. The finite element program ABAQUS was used to calculate the dynamic instability based on a complex
eigenvalue analysis. A total of five parameters, including the chassis, wear, piston, material property, and contact
condition, were selected to identify the factor effects on a low-frequency squeal noise between 2.5 and 3.1 kHz. The
present study found the dominant level of each factor through an analysis of the means in the context of the experiment
design.
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Fig. 1 Experimental data of squeal noise!'”
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Fig. 2 Complex eigenvalues in 2.5kHz ~ 3.1kHz

Fig. 3 Brake system (left: outer, right: inner)



1

o,
1%
tlo

B2 mHA

3. Eola =&

FN

B oeRelA Agsps ndela AL AE
2dlS Fig. 3 o YepdH 71249 /3 a4
B2 A Aol A 2E woj=rF AP B

=

Otl

=) H
glojAst Fae] Tdsirh Rl tjags} =,
Ay, YAE T 17 e F gi o]Fol A 39l

W Ry oA eaw AAE sl A

o shtel vimaTe g3t 98 H=e) A

o

==

=

3 o4 FUAY SAEEY FAHIAD @
¥ =

O

do

RN )

Ao ALgHE == 9 240 g 7
150,000 7, 244,800 7 o]t} o] & A 9|5+ t}h
of taixE ©A AlG(E), ok Hl(v),
59 EAXAE Aaret FARSHAl F-ofsteith
2 AgH e} =, J2EqG HE Apold Zh7
AHA Fstla, AARALE B o] ARA

e, 11
T oo o
SR

JEAZT BE 2 AE 2Ae 4 wAd =
©QlAbe] FEME 2t s Polshgla v
A% wH theA] Solshe)

A Aztell A defdl 25 ~ 3.1kHz 4 el A ]
Ae HolHE 7o Hyola Al&HY
‘?r& 84 ®ds AT FoAxE= o
wels) Apole] A= HopFE o
o AFto| A= Sbar 2 A SIS T Sbar
= 2Folgke AFol Als Erd A
ojlpg AgrjHow A& FX9 A ¢
sk7] @l “ﬂ'&H—ZF ot wiA| o =
A Fe AdAE

|
*“J:

> Jf ol oo i oft |
e do

=3
A FEoz AAEAT. A A B FE

Table 1 o YEFHATE.

4.1 AA| A&k
Y & (Knuckle)oll AFA](Chassis)E& 1A3Fo] ARA|
Fo] Azfo] Ao nA &= JTF E% okol 17

$groltt. A WHA ==L A 2 (Fastening)o] ™, Al

23k vyo|g Alx¥le] AFu}

B FFAA 24 685

Table 1 Parameters for factor effect

Chassis Wear | Piston prlc?pl):‘ty Contact
[A] [B] [C] (D] (E]
1 . Soft () No
Fastening | 20bar | " ¢ -6% friction
N
2 Knuckle 0 No 0% Friction
only wear | contact
BP
3 Rigid 50bar Hard +6% .
contact spring

Fig. 4 Chassis model
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Table 2 Orthogonal array
Run | A B C D E o
1 1 1 1 1 1 115.84
2 1 2 2 2 2 18.94
3 1 3 3 3 3 8.51
4 2 1 1 2 2 0.00
5 2 2 2 3 3 0.00
6 2 |3 3 1 1 161.93
7 3 1 2 1 3 118.92
8 3 2 3 2 1 58.96
9 3 3 1 3 2 0.00
10 1 1 3 3 2 0.00
11 1 2 1 1 3 51.77
12 1 3 2 2 1 52.46
13 2 1 2 3 1 0.00
14 2 2 3 1 2 60.07
15 2 3 1 2 3 0.00
16 3 1 3 2 3 0.00
17 3 2 1 3 1 0.00
18 3 3 2 1 2 0.00

H
5. 21 24

] el o)d Bt s e A
2.5 kHz ~ 3.1kHz AFololl A Uebs oke] A
H7b =1 o5 Table 2 o YeERAATE G2
of zt = BAS ) B4 Fu 99 W
gk Il ool el AgHIF A & 9lal
ghol s st &S A7F dok g UH
&l & HF o] EAlEtE Aole THE &
He Adgsialon o] gho]l AFup 23 mo]=o
7bg & S vAE AoRE dAasilh B
2.5 kHz ~ 3.1kHz Alo]oll A kel A4 ko] A3}
A e Al ek w0 o= Ao
JFrt HE gl Aew ndEt. Fu )
4 (Orthogonal array, OA)Z5-E 7} ¢1x}o] =
a7l A H A (Analysis
ANOM) S AF&-31] T
HA AAF A QD ARA] SA O w3k o 24
#E Fig. 8 ol YERHIAT. 919 e o2
W E REE g el ARAIZRA]
o] B & F¥EE HoFH. ol &
O~

of § 7 S T3S mdo]

ool

to XAy

of means,



Mean factor effects Mean factor effects Mean factor effects

Mean factor effects

90

80 -

70 -

60 -

50 -

40 -

30

20

10

90

80 -

70 -

60 -

50 -

40 -

30

20

10

90

80 -

70 -

60 -

50 -

40 -

30

20

10

90

80 -

70 -

60 -

50

40 -

30 -

20

10

d
[
=
Ho
:OL_',
1%

hA

2 B o)A A2Yl AFsh B JFAA Y

'\o/’/

Knuckle only Bush rigid

Fig. 8 Chassis effect (A)

Bush flex

/

h

20bar 50bar

o= 8l

Fig. 9 Wear effect (B)

\/

Soft contact No contact Hard contact

Fig. 10 Piston modeling effect (C)

-6% 0 6%

Fig. 11 Disc material property effect (D)

687

90

80

70

60

50

40

30

Mean factor effects

20 -

10

No friction Friction BP spring

Fig. 12 Contact condition effect (E)

o
ol
rir
jn)
an)
riu
N
0,
o
ol

sith= molm 2 ElE

i 2o

il

of gk H =4 Az
of JepATE 719 nlRe} ~F o] 3
TES AEEY =9 nrrt A9
g st We&sel B
T A} H 2~
= A4
AlZE & MRS A oB R o] &
Aoy
= "R $lS, 20bar P}E, 50bar
It 28y 44 7leF §l

© W e
ro
o
=
td
2,
of

eI o = A 1)
@ 2

o
LS

)

o
o~ R Jo

Ro4r 4ok
e
k1
Ho
>
o
iy, o
A<
=

frtl

N
~

T
z,
d
k)
m
off
s
)
0
Y
o
=

o s
«HP i
3mi
o @,
DO
N
rN

o

°

O I ox o = v fogo i iz mo b m
_&
)
a2 lo o .
a1l
A
=

1 ¥ M oo My

e

ro

N
N
-~

—

fe we Q
™
(0]
=
o
i
o,

b =
38
id
i)
4
u)
i)
A

o

T
2 2

oft -t to kN Mo

ok
A 4

Glo] 79 Azel 7

A e &
1

fllo ”

Ho
>
=
ol
o
)
rlr 4
o W,
o
it
il
- >
il
e
0%
=2
A

O T ooy TORN o dr oY
ru

) > N
=2
N
N
o

g 1

Fig. 11 o] YeRSITh
A%E 6% F7F A & =
2 Aol melx grsth AT WA

E 6% HAAY Bdl 1

f ooz ro 3L et o
5y
o
o,
o
>
H

U o X

w49 e MAE Aoz walth A A
za9) BYAFE REE AL AFHF T A
R



658 o] gk -

Table 3 Best and worst levels of design factors

Design | Method A-B-C-D-E c
1-3-3-3-3 8.51
Best OA 1-2-2-2-2 18.94
ANOM 2-2-2-2-2 0.00
Worst OA 2-3-3-1-1 161.93
ANOM 3-3-3-1-1 161.93
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