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Abstract Considering that the effect of steering knuckle on squeal is usually ignored when performing analysis of disc brake

squeal, in this work, a finite element model of disc brake system including steering knuckle component is established, and the
vibration characteristics of the brake system are predicted and analyzed by using complex eigenvalue analysis method. On this
basis, the influence of steering knuckle characteristics on brake squeal instability behavior is studied. The results show that the
increase of friction coefficient will enhance the tendency of braking system to generate squeal instability, and the steering knuckle
plays a significant role in affecting the coupling between different components of the brake system. The mode of knuckle may
induce the generation of brake squeal. Ignoring the steering knuckle during squeal analysis and prediction will cause the
phenomenon of ¢ over-prediction’ and * under-prediction’. The stiffness of steering knuckle has a strong influence on squeal
behavior. The increase of steering knuckle stiffness will cause more unstable vibration of frequency and accordingly increase the
squeal intensity of the system. In addition, since there is no significant friction movement between the knuckle and the disc hub,
the friction coefficient at the knuckle-disc hub connection shows little impact on the braking squeal behavior of the system. The
above research results provide a basis for understanding the generation of brake squeal and proposing reasonable measures to
improve the squeal.

Key words Disc brake system; Knuckle steering; Vibration; Squeal; Simulation analysis

Corresponding author; JIN XingJun,E-mail ; jinxinjun1982@ sina.com

The project supported by the Natural Science Foundation of Zhejiang Province ( No. LY16E050011 ), and the Quzhou
Municipal Science and Technology Planning Guidance Project ( No. 2019007).

Manuscript received 20191005, in revised form 20191031.

515

ARSI S el e EARE IRah , IR A
— A M BE AR AR e R i s, AR
PR AR (R AN ] 308 s A Bl 23 g AR A B (f<

1 000 Hz) FERS4RM (f>1 000 Hz) M Forp wgdsigeny
P TR R, WA RE R S R R A, B T
FREE, I8N T I YA BRI B A

Fh T4 Sl 0 U P 15 ) 0 e ) 1 R AR A
HA G, RIHOC TR Shas 5 A A sh oy Z [a] 1) 5C R 52

# 20191005 YR FIF5 , 20191031 U FIMERcRE , #i7LE ALREBARETH (LY16E050011) , MM TR R8T H (2019007) %EHh,
s B v, 1985 4F 10 A4, A HENEZHA, UK, BN A0, i1, O mREis i,



5543 B 11

G  F R X S B A B2 e A 5 251

§IJ T‘ J—‘—“?Z H/\JE:I:?L;'[3]59-()4[4]360»366[5]653-672[6] 168-189[ 7-8] . ngE
A IO IR TR B £ X o S SR S, 45 SRR T
FLAA BB 2 AU PR A P flebR 28, 2 T 5 | AL o 5 2R
PSR RO, R A5 g 5 S R IE(E 43
Hri FIRE RS A YL SRR 7 8 Ff BE S IR ARG
FRASHYRERL A NI i BRI SR . AT, Nouby
M S5 ISVTR Massi F 25011 060 1 Sl 25 22 4 1 11 5
RIMAT R Z R FIT T RERITIE,

PA_EARFERF AR B AR Y - 1 - Lk st it .
AEER, ARH T RG AR, X FEUR
SR 7 ) 7 A A A iR ) BREL R AN B8 2 A, %
T B — R 1 25 A 8 2y X RETYIRR A4 il 1 sl sk
P L BB R A B AR B 2 2 1) T A i
EXE= VNI K = ONTTE AN S EFasest th IV Sl 2
16 5 A Tl B A L 7 A A i o 8 v [ AR AR B e A
Jyte o100l 10T iy [ YOG T 1) 1 R S g 2 JH] G
AR5 20 6F WLAIE , 78 AT A X 1 3l 2 4 /4 5 53 B
v, BT ST A BIR O A T L A W T 1] AR A
DRI, R JR A ) 4 A il B e ) 22 ] 56 2R i F 58 HLAT AR
U R RH A AN B B T AR SN E

BT UL BT AR ST EE R I SR Sl g , M4 H
SERA R T AR TSR Bl e 25 =2 ] A9 2 i 1 4 G AR
PEAT T HERRRE L ST TR e 1) 1Y 0 B R A PR
JURERY SRS AR R i X il 3 AR G 4% sl 45k
BEAT XA T, S G A 1) 1Y RO A7 A B 1R T RIS
UL BB 16 1 R R 38  EE F R R X i B AR AT S 52
W], DA TTT Ay A5 i) s 25 S b M P 418 1k B A4 AT BE

1 HIZFIERTEEMST T E

1.1 BRTER

Bl 1 B R A BRITE A Abaqus 1 3 22 il
SR GATBRITA Y | 2 A 32 2 p i Bl 4 AR 4 I 3l
B I E B SCHE A G R T E AR S 1) B A ) T
TR, T FER AN AR BT (C3D8) 4T

QP

(a) HI4E BB Disc (b) 2%t Wheel hub (c) #3h4H Caliper

P

(d) 9% % Piston  (e) HIZISEHE Bracket () F1ZEH Pad

v

(9) BISEMREE Bolt  (h) BRI Pin ;) #5135 Knuckle

(j) BRI R G

Disc brake systema

B B BT K 25 R A L A5 2
Fig.1 Finite element model of disc brake system and

the geometrical models of the brake components
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Tab.1 The material parameters of the components

of the finite element model

ol i LA HEL /N A
" Densit Elastic module Poisson’s
Part v
p/ (kg/m*) E/GPa ratio
Tl 34 Disc 7 800 158 0.3
FAER Pad 2 100 3 0.32
5 H Pad plate 7 800 210 0.3
#%:4% Hub 7 350 165 0.3
il ZhE Caliper 7 350 170 0.3
1% %€ Piston 7 800 190 0.27
4 Bracket 7 800 210 0.3
2 Bolt 7 800 210 0.3
T Pin 2 850 71 0.3
7 Knuckle 7 250 170 0.3
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Tab.2 Connection relationship between the components

R KRR Abaqus & X Cocffici \
. - oefficient of
Connect part Connected relation  Definition .
friction
il B #-H 2 R ik A - [ 47 i 0.1~0.7
Disc-Pad Contact Surf-to-Surf ’ '
- B EAEEE
Bracket-Pin Contact Surf-to-Surf ’
SRR TR Hefih ST i 0.1
Bracket-Pad Contact Node-to-Surf ’
s34 R ik F-THT A fih o1
Caliper-Pad Contact Node-to-Surf ’
TH IR ik -T2 i 0.1
Piston-Pad Contact Node-to-Surf ’
T S JE AT ek T - [ 422 fih 0.05
Piston-Cylinder Contact Surf-to-Surf ’
By ik A - T 4% i 0.1
Hub-Knuckle Contact Surf-to-Surf ’
e - s .
Caliper-Bolt Fix P Tie o
AR e . B
Plate-Pad Fix ” )
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Fig.2 Negative damping ratio of the brake system in different

friction coefficients and its unstable vibration modes
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Fig.3 Natural frequencies of the knuckle steering and some vibration modes
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Fig.5 Negative damping ratio of the brake system with

different stiffness of steering knuckle
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