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Abstract: Brake hot spot due to friction is a worldwide
forefront and complicated technical problem in brake research
and development. Based on many studies on hot spot both at
home and abroad in last two decades, the research progresses
of experimental study and theoretical analysis are reviewed
systematically, and the limitations of current theories are
analyzed deeply. The unsolved and ambiguous problems of hot
spots are presented, and the main research directions in
future are proposed.
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Fig.1 Temperature distribution characteristics of disc

surface when hot spots emerge

TREXT HL BV Bl P A SR ) L PR R O A
Rtk A B P9 L AU B PR R T S 1) AR R AR A S
i, BAFPETE Barber S57° A HR0 (5 W45 ) Y L A1
AL AT PRI T By 28 DA B Sarda 5552 58 1 PR AR
ML B £ oA A 2R B BRI, X AR 15 2
R Z FABDTFEF IR, RGN A X 7] B
T HI SRR B SORAETE

N T R B AL, EFTHIE T R
5B SCRAETE 19 5 2. a8 1l 3h 288 1F) — 150 Jo) i
FIRAARIE 26 (B X LE o ¢ B R IR B 5 B BOIR 2R
TE B W B 5B A () 5 i EL PR 2 1 B A 8 TR R 20k
PR JE BB W AR 5121750 A R 15 PAT AU 28 T £ 5
H DI B 1 Bt AT B » EE R S5 3 3 05

3o RS BTE B AR v 28 T IR A4 SR e
TR w4370 B W e AR . FERI g A ) |,
I H SR T AT« 35 BT P R H BLIR RERR R O
AWHER , BRZTE R T 1B RS, FERlgh R m
L BEEERRGAT LA /AR [ R AR Bl domT L
R/ NPER B s Kasem S5 HE— 545 ]
PR AT LAV A 1) 2 30, 7 EL B e A2 1) Y )
BRI o 2 B, BT i 2 B E I 1
Pl B R BRAR AT BB il sh A AR i L B R AN S =
,ﬁ:%*ﬁa‘é[,‘),%f&lj .

1.2.2 $ARTB SR

BESEIA A 8 O T S AV e . BE
P H B ) B R PR 1] A B B SOIR AR
. X SCRAE AR Tl sh 914k SRO. Hih4:
Bigh SRO EEBA 1~2 Bir IE 5% s ECRFE T L
RABTE LB A 5 B (9 0F 3% o B0 P22 R A A



HeH

R, S BT R Shas ER R E AR 1205

e, B SCRIEIE 0 i i s w0 4 DTV IE 7% s B AIE
£ 5 0 0 W L A 5 094 A » 3 g R RE A 5 i 30
Pplah it FE R,

IR » i 3h £ P BOR 28 L H oA B AR P, Sarda
PR AR ST (0. 5s P il 3h & A9 SRO B
SR T S, AR TG SRO. Zid — B[]
J& » PR A28 1T 28 34 1 BT RE I i R U SR AR I
B 0 Y R A 67 B A — WA Bl P AR BN AR. X4 3D
FE S B AR R B fh i R, ST R K R
B oiih SROEIREFEAK 2 pm 26, X EBRHT
PP TR i i TR I » PR AL Y PR TE
SERIREARTE  H R SN R I, $od bt 2k
AR SRR T A o AR T R B M S R A R
PRE . BT B RER IR a7 R
B (A R

2 KHEHE

2.1 #PAIMEKRIIED

PR FE R H X EFHFR KN
Barber 281755 41 t iy, AR ARR SR 2 NI E
B I [ A7 43 ok DX o PE B BE B AL B, B T4
FATRRE B T T 7R A, B A ] 7= AR AN )
YR FE 3 RIS AR T . 3 Fh AN 3457 (40 B 3 R
PEARTE BUAE T Bl s 07 40 A6 5 48 ol i B AR A
(0 o 7B 5 SR BE 3 R SR 7 TR 1 AN 34 A0 P
2Lt L1 ) R REL X O B R R — L (BRI R
BRG, XMEEGRXRPHARG LR MPA S
2.

Burton F AP S el FHEshEEARK M T 2 4>
N TH R R M T R AR R 2 W B R
R —EREN RES S AR, BT iR
1 Barber FIBAEE ST T 3 £ M BORPE SR R A A
BEBCERRI T B 1 AR B AR TR
K ATRER S BEE RO KRB R, RESA8F)
PSRRI NI TR NG L nio] R ST S ]
5L B3 R G H YR 7 Burton PSP A I m 7
XoF Il SR BERE WA 45 /1N {H S Barber tA 41 1) 3 % I
SRR B R . [, BT R B S R A2
AV XoF R 25 I T R /N o T i A 2 X PR 54
Bt Ik 53 R AR K, {H 2, Burton il Barber &5 57
ATl B0 25 B 2R SR TR o SR A ME R S TR A, T R
Z BRI B LU RO R T X —
)/, A BRICH AR T R 2= E A 1 T il S 8%

PP PR O A, Barber H A K B AT (7] £ 15
B EFA RS BB LR, R IGHER SR
() RS R ELA JE 7 LA I 23 YR AR A T R, e
B M TG S R R T AAEE
X R JLAR] 2 5 P SRR R R ), HE H B R 5 SRR
Xo NP 7 A P 1 3 A8k D ) VR A o s L R
BT, T . A BB ) AR AL i R B R AR R 24
SrBUE BN T A BRITALRLSY SRR T IR AT I
PRI RS, 5 B R TR N 2 A FROTHERY
PIRE 3 R A RRMERAL, SRF T %3045 10 3
PSR R

3 2o A AT AP SR AR B P O ] R
fil B 1 o0 A5 R S i B, E B AR SR = A #A
AN R, 4K Barber 5505 #5 H A FH LR K
F IR IR SR A A I SR 2R 500 — B R AT, B 3C
BRE ST B 9T 6 SR 22 BT 1) P AP R AR T O T A
SRR 22 LR 1 e K T 1 30 ) ) 3 A gy A
BRI R R A IR E M R R R, F, i
RARFRIS T B e B R G R A A M R BT
YHMZEIE. [RIBT , IX B A BB 0 i 25 4% 18 B Fi AR B
B 4370 etk s A RE TR 34 s () BT AR AR 1
2.2 MEHEE

FRJE il B K ] 3 MR IR AR T
Kirchhoff i1 von Karman B8, B T2 B8 K
AIRREAT WIS BN = T R 4a i BN ). S %8
TN 7 o R AR S T ST RIS
Ll W B AR A F, T i B A 7= 2R T T SR TE L B
Jet AR T SR AR, Bl PR A I S TS R i 3D
FJm MBS S R A AR, BT A AR B
AU T RIS S I Sh B RS AT 3
FEERIE AT .

Kao S5 55 BLIISR FRZC BB A BIS @ T 2 4
T Sh A5 PR A PROTHCAY , J5 ok SR S e o o 1
BN T 3 Yk Sl A o T A A, 8 S ah 3h 8 R it
IE = R R B R A, O HUEE 38 R BB R R R
FIH AR 20 AR T A E LR M. Mal g S
AT Timoshenko F2BRIGH ST T AT 78t 14 b AR
T, 8% )58 B3 Kirchhoff ¥ H0 von Karman FHif &
SET B AR B R, K I B S R AR A
LY I 4% 4 X B4 ih NG 5 8 AT B A B 5 .
Kwangjin S Lee 5507 58 12 36 26 VE R 7
A B S AT TE R AR B AR 2, Fieldhouse 5505177
8 KR R T 300°C I il 3l 28 45 7= A= IR v 1T Bk 3
A it AT,



1206 [ 5F K 2% % A KRB %

LRV

T A AT P4 A A T 1 B A8 U R
PR PR B Ay 7 A Y T 0 3 3 Y » A i o
T FR AR B R A B R B, Kao
SIS MaBH RS HiA S Bl i R 7R A8 1 AR AR IR
JSERR R P SO0 285 T 2 7T R of R Y T 3 8 38 22
W 1 Sl s A R e AR R R B B WL 5. DR, A
PR i BRI T 1 i A% PR i SR AR AT i R
A ZE FAEIR A SE PR A il 3l r i sl B0 L7 A A i g
AP . (RIS , A B T8t AN BE TN ) 3h 2 I B
FUAEIE 8 3 A e e LA R R FR I IR P,
2.3 EZRGREREIR

i 3h A% BRI R SR I SUIR AR BLS A2 £ 3%
AR T T Dulfrenoy 4551541 42 1 . %20
EIAA BT Bl £ 25 8 Sl BH A LR A sh 2
P 5L FBE A6 B 45 PR 2R 7 ol st 458 v P R T AR 1) AL
[F) BT 25° B R AT G 06 s 257 A T 2R BT 2 B
WBCRARIE. BT LT, HI S S &
TR 2 A3 B IR BRI  33X l iiR BB R 2 e 1 3
FIE M T8 e B IE M BAY. AT B 5 2
X 2BV b T 68 ) Bl 28 A 2 SR T R B AT
TR RE B

Dufrenoy M BAZ5 iR il gha% B B AR A FIAL BHK)
SV RPN T A B A B R S R B
IS T R T RAWIERESE T, R TR
BB R, RS S SRR AR
AT BRI ], SCRRI39 R A 2 47 FROoT A 2
HEH s AR RE S EL T 23 RAHA R
BA). BT FRBISE . Dufrenoy RN 1 AT LIAE R
6 P B 1 B A% FE SR B SR AR TE R AL, 5
AR T %A B

MATR L DF, B S SUIR AT BE A B U
3R R R 7 A Y THT PN 25 BB Y i B8 R EER
it R A I G A B AR R O A R AR A I B
R B ) Sl RS A AR TE A JA) 18 S0 A Ak B
FOr AR L (R, B OR 3R B fh S SL R BE R AR I N A2
[6) A A M O AR R, T L, 7R R AR P R
Xt il 3l 4% AHLAR G i B HEAT TR AR B 108, FRAIR T4
T s TN o) 5 251 BE S AU PVIEIE B R (5 L. [N
F %07 i AR B OB T sh 2 K S i sk
IR B LR RT3 » T2 1 B R R i v
WAL
2.4 BHBAER

il Sl EE TR TSR A I S TG, B
EARTH AR E R, ARSI EEZ B T3

050 3 B B . PHLER A S U R B Sh S e R 4R
B GEARANREE T 8 i B A PR 4
B la) 7= A B PR, PR TE 28 R ) 43 B S 7 1 B 45 A
Tl S R AT B T, Tl 3 25 Al sh R iR
JE 35, U FE A S S AR AR T B B P
FH » B8] 72 A LA 3 187 A . PR 87 FIHL AR
7= A R T FSE AR A TR MERE A, AR T AR Bl Y
AR » BETTACAE T 4B 8] B 32 Ak i 7 43 4. 422 Mk
JE 14045 B 0 3E XOR W T SR B 3 A 5 DT S A
PSS IEE.

Suryatama %" fEB) Abaqus 44, SR F M E:
SO T 2 R L BB A v SR ) Bh AT, R B
SERAE T HIEX. Z£H5"I I Msc-marc 3
R A E B AR LS T Hlsh 3 B A RVEE &1
I, 55 #1280 44 SRO i DTV 0] {1 25 8T 1
BEEMIREESE . Cho 451 Fi] A M i B 22 ks
BRAS 3 ERABAR AR 2 4 AL A,
K B S A7 FE A AR BE R B, O 38 i RR R S A
MIGARR AL (B2, 88 M id, iR LS O
TR TR S 2h 85 OE. RIE 2 4, B Jung
LUl ) SAMCEF 3482 ST T 1 3 8 BE S A
PUDR-P A2 B A 0 ELRRRY , A 5 oAb LR &
BRI A R Z AL TE T 2% 18 T LA 45 A8 i 2R 1 AE
. Jung AFIA K AR AL B YRR Th Hh I T o6 3 25 44
SLIETFR T MM A 28R58 , 8 i b B & B 3h 4
FHRF BRI IF B4R 54 R — Bk,

B, B E AN T Jung D5 EE5 R 5%
SEOL, KBRS P A B TR I B T B RO
FIREE. [, A A B A i M TR B — 2
AIBSAIE. 5381, Jung B ARSE 13 07 B B , (H R IR
ASIHT R 7 A AR AR S R, Al R AR 5T 5 S R i [R)
BN I .

3 PRRFEERRENER R

BB BN TN I B H M AR T3
IR ISR B s O R A DL (B2
AHER IR, § 338 P B R AE ML RTE g —iIA
T AR B2 WY o) R 75 B A ke
3.1 HERTERR = ENE

B B0 A8 I A IS T R R I, B8R
AR5 BRI S B U R (H2 , B BCRA T =4
VLRI ARTE2E. Barber 251510 hy i BUIRZE TE BT RE &
BT FEAT W —Fp AT, B3l & R = A 2



HeH

R, S BT R Shas ER R E AR 1207

B2 X IR AR 2 43 B0 17 WAL 4% B . Kao 45,
Fieldhouse 8§l Ma"** 1A by i BUIR AR JE A2 4% 1
5L FE 0 A o £ 7 A P i S, Sarda 2501 K45t
WU BORASTE W 7= A HLEE 1B 2 & B 3l 8 e T B
FosE U BORAETE R & A T Pk 3h, 1 Kim 865 1
Cho " A A sh B SCR B 5k A 5% B
I T B FF R R R RIS AT 78 AN ERIS 40 BT BRI &
ARAETE B P2 A AL

[l B 2 1% 48 5 I BOIR AT S B 5
JE N BN ZE 43 B Sarda %5198 il 3l % Je 7
BURAETE. TEILZ )5 » W BCIRZETE I B e AL A T 0 T
5. T Dufrenoy 257 MITA o 7E i BB 5 sh i, 1
B S A, B AT R i 25 9 I SR AR
TE. Wi L » 305 T B A 4 G R 1) e K IR
B KER S B, F i, TR E R
BBORAETE P2 T o, B BB T 8OIRAE
TE o BRI BURAE T A0 5 6 7= A WL RS 2 |
43 FEL 1Y ) R

A, LR L W Bh T F B BUIRAE JE B e Hy
BURY A7 B AR 40 . FE % 58 2 W Bt , Sarda %)
A 1 Kl sh B BORAE T W B e, 7R 58 2 IR
SIS Ry e 45, (H R FESE 3 W s A8 2 P g, {5
52 AR Z 2 H A N 8 52 £ Wk 3 B i SORAE T 0 1
H BUAE ) 348 b B 7 B R AR B Y. TR TR B
G B L R BHIN B SCIRASTE B 4 A k.
3.2 ERAEMEREE

FRAE M R R, HI S A R B SR
I L3 . Barber %05 & Bl il sh sl K FH—(H
B 4] 2h B IR T o 2R 7= A A5 I I Bl 5 i L 23 R
155 B %32 S RIS B B SR A R = A A
KHa, I H Kwangjin 26738 53 i B0 WF 53 48 5 57
PR A R AL IR bR E B
T T 1 shAs A B I A R, (B, Lee 250 BB
FERR R I B R S IR IR 2R 5
15%~20% ,Cho %1557 1 45 H I 7 R 1+ B (H
WRF IR M. Wi Sardd ZFE52HF R T KB HIsh#
RIS, AU 2] ] 3 2% A 7R I SR .
I, H R RS SR A ERTEHL 21
BRI BRI 3T

R 8 A PSR TV AT LS B SR R AN
32 3 vk BRIE 32 B 30 H 7 BRI, BE 3 R R
FFAE R M. 2 S R AR B A A H s R A
i 1l B A s B R IR e /NS T Cho 25055570 )5 it

BT A I 2 F o ) Sl 48 Rt B 1 R B
FHEHY M. Dufrenoy % 3 — 548 ) i 3 & 28 s 0
] P 280 A2 0 1) B3R 4 BB B B B4 R, Sarda
SRR 3 o R A RS R B A A BB R A B
A Zy e A . B TR R A R e A
GBSl ) R B ER AN R B 0 Bl A R B
M.

3.3 AREHMBEMXBSHNXE

X FHEE S5 A I Shd » POt B B A 0 [
FERIZh A LR E R 8~12 SIS ki g
rm LEE R 1~2 B, H A AU R e AT 2
Pl B 2 A B L3 L. Sardd 25021 %o ] — 3 YR )
ZAH s TGRS R B S A E]. BT
Tl AT TE B SR ZL B PR & 3800, I Bh A8 1 454
SO Bh A AL A R R mE M.
A LUHE , Bhod 5 B0t 5 61 3h 2% B A A1 S8
B K, (B BRI MR B RGERA R
B 5HIShE WS EOCR MBI Gk, B, H R
BIER A SO PO B i S A 5T B 2 TR T
WEY.

T S PR ] s P B R W R RR
A3, SCERL36 148 H i 3 B iR 1S T I 5t i e
I M SCHRL 22, 27 J3E— 2048 i PR R BEAR £ K T4
SIS, SCERES [T T AR A Wl S Bt T
R T T R RSB S s B FEK S E)
Bl KW LA %, HZW R 158 T BB 80R e
TE B A R R EIS M X FF. (B2, Sardd™
B ShH AP HITE 23~46°, 3@t RS & I 3
BGE R 11 812 A, TT$8 H ] 3h He 4 %t
PR m BN, RS &K SR sk
[ HU A5 ) 30 25 B s B 22 1) K. Cho 4557 3@
AR R SR SH s AR K 5H sl r
FLAEAAY. PR, i 3 Sl X # B2 19 532 e b
TE M — TR 5T,

08 XA T E R A o 1 2l 2% A 1 B A7 TE 43
I, Fieldhouse Z=M 7738 048 100°C ) sl FH
T 8 B AR T R S S S AR L O
RIS BSCEE T BB 5 IXURE R B o). (HR: , SR
[18,35-37 ]| th 388 XURE FH A X0 i sh # ol B
AHMFIVER. RN, Mat) $5 H 38 KU 1k
T Bl A A M A5 DR ) AR T T S R R
PRIt o S DXL 0 A o) ) 3 s PR e B R Y 2
e 5 22 0 Y B A0 AT A A6 S iE

I EH 1 SRO F1 DTV Sl sh# H 5 i 5% 1



1208 [ 5F K 2% % A KRB %

LRV

AR, Whs SRO FI DTV 725 ] REE S 1~2 By
(I28IE 5% B 2R, T Ll sh & R e A A B AL, 5
Tl SR A 5 B A 1) 43 A e 22 B R R B
KOS RYIFLE SRO M DTV X480 5 18 B4 7 B
BB R WU, H B M A S B
AU FaE, Wi SRO A DTV &4 5 28 7= A —
FE#R3h. K BL AT CASEN , BT 45 SRO #i DTV 5] fg 2
7= He 1 Bh 25 U BUTR AR T R A 1 e S Ak 28 4% 1.

4 HitSRE

H AT 20 AR5k [ NS B T R B il 3 A% 2
MBTFERR » 455 HR U TS 77 A R BEXE R AR LA e 28
F IR BT ST 855, X TR AL Tl Sl A% R 45 P R TR AR
FARSRBT TSR LT

B I Shas BRI MEST . i TRZIAR
ISR LT8R BE A A — 2. T L H BTl 2R JLAE < 9
IRER AR, A EELE AR BE B i 3 8 A s AR R P
A LT P A I 23 SR PR A AR 2R B S A e e .
T AR B R B FE P S 4 T L A
2 W] sl R RN R ) 2 A28 AR D i 42 1 )
shav A A BB B ARUK BB . 720 5007 T, A 2K B
FLI0 o 3 £ 5 0 BE AR I A e ) T
2 i 221 ) 3 3 5L B 5 AR I (0 A A, HGE
TR T B 3 R I B LR Sh BRI Y
W, e 45 RV R R 05 T L R BE A8 A I BT
1l 3l EL A H BRI | 4R B A B LR B A
J 2% 2 Hu DAY ) 30 258 P R R 3 AN AR T B 00 A .
PR, 75 BT R Al B s AU B MUV A9 BT I RS DL 3R
50 il s A BRI B 4 R A AP FIMER 1.

B8 B TR FRE A A 1 1 3h 2% R AL
B i gh e i s Ak T L B B 3k X R B A A
{5 28 70 81 sh it o sl sh T B PIL - B0 TN A s
T AR ANUR SR AR S =4 T
Podl i, 5 B0 Bh 2O TR D AR A R X
FRE 200490 5 Sl 3l 28 55 ) FR) AN T R - 850 A I 3 4
A ANXEHR 326 26 45 4 5 B A 3 B L XU L P
FOBAALAE. Bl IR X PR oA, 4R T B0 30
7 A AR XTAR (0 PR TR XS BR G5 A R SR A
T H s E A S AR, I, B FEXT PR
1T FUESHA ER) £ B » TR AT R s 2 44 R B MLERLE 5
BEoEhI Sl A BT M 1 2 8 5 B N /E AL
il A ) SR A 4B 7 ) Bl e B A AR AR IR R B
R

5 = B TR R G ) S AR R S LB 5T,
Shar BT TS T LB M IR, 7 H
PR A B R AR AR B AR BRI RS Y
e T P > LR A A0 i SO L A 2 O i3 #5038
T I Sh AR PLBRBE ST B SERE. SR , 40 R BB A5 K )
B 55 1 BE PR IR RO R BE PR, U T LUKE B2 2
O A i 3l 4% 4 25 ) BE A3 BL H HE L F S B — X AR
PR B — AR X AR IR A Tl Sh B R I AT
e T i BE A IR A B R IR AR A T B 3h A%
i S5 S MR AR T X AT RT LABH 52 il 3 s 2R Y
FEAE AL, TR, ottt i A s 5 R AN B s
X AR M B AR A S84 1B T R s ) R 2 1
BB A P SR SR AR B, g 2R
PR PRRUR R HER AR 30 S ) sl i SR Ao 3 [ 4, #R
JB TR B0 Y. PRI, BT LA IR R 00 A
WABITEE R JEF7 IR AU AT -5 B R 1
PRI, 48 7 i 3 25 (7= A= HILEE,

SR DY T 1) 3F R PR 0 50 2 28 T 00 A 2 2 )
T AT, ATHIBE ST AR BRI Shas 2R 1= A AL
B, SRR B 3h A% P e AR A A — R Y
AR B T 1 R B B AR S B B PR
. nfur e BB il sh s BR s LE DLER B 25 R L )
FEER A AR | R 2 B BRIE . AL S G RS
Ty HEf ) S AN ) 2 R BEE AR B IR
JCHA, NI 1] ] 2 8% % G 1 PR BB AR I
BRITHT FLBERY , 2 S BEAS T i 3 45 H 3 BE 33 B 1
YRR IE R ful I 73 4 A o PR RS AR A R I &2 B
bl B 15 o BE T 2R S8 7T 82 1 3 4% 24 S 2 i [
AR BB 5T O o 1 B i 3 A B T A F e
TR SR, AR ER M EM TREE L.

Sk :

[17 LeeK, Jr Brooks F W. Hot spotting and judder phenomena in
aluminum drum brakes[J]. Journal of Tribology, 2003, 125
(1) 44.

[2] KaoTK, Richmond J W, Douarre A. Brake disc hot spotting
and thermal judder: an experimental and finite element study
[J]. International Journal of Vehicle Design, 2000, 23(3):
276.

[ 3] Fieldhouse ] D, Beveridge C. An experimental investigation of
hot judder[ C]//19th Annual Brake Colloquium and Exhibition.
New Orleans: SAE, 2001. 2001-01-3135.

[47 Bryant D, Fieldhouse J, Crampton A, et al. Thermal brake
judder investigations using a high speed dynamometer[ CJ//
Brake Technology 2008 World Congress. Detroit: SAE, 2008:
2008-01-0818.



HeH

AR 4 BT R B Shas PR R R

1209

L5]

[6]

L7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Sardd A, Haag M, Winner H. Experimental investigation of
hot spots and thermal judder [ CJ//26th Annual Brake
Colloquium & Exhibition. San Antonio: SAE, 2008: 2008-01-
2544.

Hassan M Z, Brooks P C, Barton D C. Thermo-mechanical
contact analysis of car disc brake squeal [ CJ//26th Annual
Brake Colloquium & Exhibition. San Antonio: SAE, 2008:
2008-01-2566.

Singh O P, Mohan S, Mangaraju V, et al. Effect of thermo-
mechanical behavior on drum brake labyrinth design[CJ//Small
Engine Technology Conference. Milwaukee: SAE, 2008:
2008-32-0066.

Panier S, Weichert D. An experimental
investigation of hot spots in railway disc brakes[J]. Wear,
2004, 256(7/8). 764.

Kasem H, Brunel J F, Dufrenoy P, et al. Thermal levels and

Dufrenoy P,

subsurface damage induced by the occurrence of hot spots
during high-energy braking[J]. Wear, 2011, 270(5/6); 355.
Anderson A E, Knapp R A. Hot spotting in automotive friction
systems[J]. Wear, 1990, 135(2); 319.

Dufrenoy P, Brunel J F. Thermal localizations in friction
brakes [ C]//26th Brake Colloquium and Exhibition. San
Antonio: SAE, 2008. 2008-01-2568.

ER AR FREESZE R STES AR IR TEER
RIERMEHE (2011—20200[M]. J63T. Bl H R4, 2010.

National Natural Science Foundation of Engineering and
Mechanical
disciplines development strategy report (2011—2020)[M].

Materials Science Department. engineering
Beijing: Science Press, 2010.

KA, AR, KT ETHEEN SRR SR RS
RIS LT ] REBIAR, 2009(6) : 1.

YU Zhuoping, MENG Dejian, ZHANG Lijun. Research development
of vehicle brake vibration and noise testing based on the road and
test rig[J]. Automobile Technology, 2009(6): 1.

Masahiro K, Tomihiro S, Kazuhiro D. A study of the
mechanism causing high-speed brake judder[ C]//ABS/Brake/
VDC Technology, International Congress and Exposition.
Detroit; SAE, 1998: 980594.

Lee K J, Barber J] R. An experimental investigation of
frictionally-excited thermoelastic instability in automotive disk
brakes under a drag brake application[J]. Journal of Tribology-
Transactions of the ASME, 1994, 116(3): 409.

Suryatama D, Stewart J] D, Meyland C S. Contact mechanics
simulation for hot spots investigation[ C]//SAE. Detroit: SAE,
2001. 2001-01-0035.

Fieldhouse J D, Bryant D, Crampton A, et al. A study of
thermal judder on a laboratory dynamometer[ C]//26th Annual
Brake Colloquium & Exhibition. San Antonio: SAE, 2008:
2008-01-2542.

Kao K T, Richmond W J, Moore W M. The application of
predictive techniques to study thermo-elastic instability in
braking [ C]//Annual Colloquium on Brakes & Engineering
Display. Atlanta: SAE, 1994 942087.

TAEE, T FE, REF . A Bk sl X R s ds - VIR A
HERILT]. R RFEWR: AR, 2012, 40(2).272.
MENG Dejian, ZHANG Lijun, YU Zhuoping. Impacts of initial
SRO on thermo-mechanical coupling characteristics of disc

[20]

Le1]

L22]

[23]

[24]

L25]

[26]

Le7]

L28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

brake[ J]. Journal of Tongji University: Natural Science,
2012, 40(2).272.

TIEE, T, R BT 8RR A 3 8 PR S B AR
w0 FERESEMR: BRBSA, 2010, 38(6): 890.
MENG Dejian, ZHANG Lijun, YU Zhuoping. Theoretical
modeling and FEA of the thermo-mechanical coupling dynamics
of ventilated disc brake [J]. Journal of Tongji University:
Natural Science, 2010, 38(6): 890.

Sarda A. Wirkungskette der entstehung von hotspots und
heibrubbeln in Pkw-Scheibenbremsen [ D ]. Darmstadt:
Technischen Universitdt Darmstadt, 2009.

Kwangjin L, Ralph BD. Conditions of frictional contact in disk
brakes and their effects on brake judder[ C]//ABS/Brake/VDC
Technology International Congress and Exposition. Detroit:
SAE, 1998. 980598.

Kasem H, Dufrenoy P, Desplanques Y. Relationships between
surface thermal gradients and disc distortion during stop-
braking with high energy dissipation[J]. Tribology Letters,
2012, 48(2): 169.

Cristol-Bulthe A L, Desplanques Y, Degallaix G. Coupling
between friction physical mechanisms and transient thermal
phenomena involved in pad-disc contact during railway braking
[J]. Wear, 2007, 263; 1230.

Fieldhouse J D, Bryant D, Talbot C J. Hot judder—an
investigation of the thermo-elastic and thermo-plastic effects
during braking[ C]//SAE 2011 Noise and Vibration Conference
and Exhibition. Grand Rapids: SAE, 2011; 2011-01-1575.
Lee K, Barber J R. Effect of shear tractions on frictionally-
excited thermoelastic instability[J]. Wear, 1993, 160(2),
237.
Lee K,
instability in automotive disk brakes[]J]. Journal of Tribology,
1993, 115(4): 607.

Yeo T, Barber J R. Finite-element analysis of thermoelastic

Barber J R. Frictionally excited thermoelastic

contact strbility[ J]. Journal of Applied Mechanics-Transactions
of the ASME, 1994, 61(4). 919.

Du S, Zagrodzki P, Barber J R, et al. Finite element analysis
of frictionally excited thermoelastic instability[ J]. Journal of
Thermal Stresses, 1997, 20(2); 185.

Yunbo Y, Barber ] R, Zagrodzki P. Eigenvalue solution of
thermoelastic instability problems using Fourier reduction[]J].
Proceedings of the Royal Society of London, Series A, 2000,
456, 2799.

Al- Shabibi A M,

thermoelastic instability problem using a reduced order model

Barber J R. Transient solution of a

[J]. International Journal of Mechanical Sciences, 2002, 44
(3): 451.

MA Chunyu. Thermal buckling of automotive brake disc[ D].
Michigan: The University of Michigan, 2004.

Dow T A, Burton R A. Thermoelastic instability of sliding
contact in the absence of wear[J]. Wear, 1972, 19¢(3), 315.
Dow T A, Burton R A. Role of wear in the initiation of
thermoelastic instabilities of rubbing contact[J7J. Journal of
Tribology, 1973, 95(1): 71.

Cho Chongdu, Kim Changbo.
mechanical performance analysis in accordance with disk
stiffness changes in automotive disk brake [ C]//14th Asia

Cho Hojoon, Thermal and



1210

Gl ¥ 1=y el )

LRV

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Pacific Automotive Engineering Conference. Hollywood: SAE,
2007, 2007-01-3661.

Cho H J, Cho C D. A study of thermal and mechanical
behaviour for the optimal design of automotive disc brakes[]].
Proceedings of the Institution of Mechanical Engineers Part
D—Journal of Automobile Engineering, 2008, 222(D6) . 895.
Cho H, Cho C. Prediction of hot spots by correlating finite
element analysis and measurement for an automotive disk brake
[J1//Tribology Transactions, 2008, 51(5); 609.

Dufrenoy P, Weichert D. A thermomechanical model for the
analysis of disc brake fracture mechanisms[J]. Journal of
Thermal Stresses, 2003, 26(8): 815.

Dufrenoy P. Two-/three-dimensional hybrid model of the
thermomechanical behaviour of disc brakes[J]. Journal of Rail
and Rapid Transit, 2004, 218(1). 17.
Brunel J F,
waviness distortion: a new approach of hot spotting in disc
brakes[ J]. Journal of Thermal Stresses, 2005, 28(1): 47.
Cho C, Ahn S. Transient thermoelastic analysis of disk brake

Panier S, Dufrenoy P, et al. Progressive

using the fast Fourier transform and finite element method[J].
Journal of Thermal Stresses, 2002, 25(3): 215.

Jung S, Kim Y, Park T. A study on thermal characteristic
analysis and shape optimization of a ventilated disc [ J].
International  Journal of Precision and
Manufacturing, 2012, 13(1): 57.

Jung S P, Park T W, Chai J B, et al. Thermo-mechanical

Engineering

[44]

[45]

[46]

[47]

[48]

[49]

finite element analysis of hot judder phenomenon of a ventilated
disc brake system [ J]. International Journal of Precision
Engineering and Manufacturing, 2011, 12(5); 821.

Jung DH, Jung SP, Chung W S. Numerical analysis technique
to estimate the reliability of a disc brake system—hot judder
simulation J]. Applied Mechanics and Materials, 2012 (152/
154),723.

Kim M, Cho C, Kim C. Pressure change and variation of
vibration in an automotive disk brake system due to hot spot
[CJ//14th Asia Pacific Automotive Engineering Conference.
Hollywood: SAE, 2007 2007-01-3663.

Cho H, Cho N, Kim M, et al. A study of judder vibration in
automotive disk brakes[ J]. Key Engineering Materials, 2006
(326/328); 1301.

Bogdanovich P, Tkachuk D. Thermal and thermomechanical
phenomena in sliding contact[J]. Journal of Friction and Wear,
2009, 30(3): 153.

Zagrodzki P, Truncone S A. Generation of hot spots in a wet
multidisk clutch during short-term engagement[]J]. Wear,
2003, 254(5/6): 474.

SKSTZE WRAT, I3, A SR Sh AR R O SRS A
PRSI RTFRFEM . BARBERR, 2013,41(10):1554.
ZHANG Lijun, CHEN Yuan, DIAO Kun,
distribution and thermomechanical coupling characteristics of

et al. Pressure

brake pads in disc brake[J]. Journal of Tongji University.
Natural Science, 2013,41(10):1554.

TENEGERETEREREGE L GLERETEREREGERETEGEREGERE GO UL RE GO GLRE RO GG REGERE RENGE RS GO G GG R ARG

(38 1202 77)

[5]

[6]

KOU Weihua, DONG Xue, LU Linjian. An algorithm for the
minimum cost max-flow which has limited flow between two
notes in the traffic and transportation network[J]. Journal of
Lanzhou Jiaotong University, 2009,28(6):104.

FEHE, £4% . Dial 35BS EEARR 1R M5 [J]. &
BEEMASTHEERE,2002,2(3):29.

CHENG Lin, WANG Wei.
probabilities [ J .
Engineering and Information Technology, 2002,2(3):29.
FROGIE.. w7 A 1) 12 3% ) e P 2 5 ) 4 T A ) R R
o] Z@EmAE IR S5 8 ,2006,6(5):56.

CHEN Guangya. Equilibrium problems of traffic networks with

On dial assignment and choice

Journal of Transportation Systems

vector cost functions: model and analysis [J]. Journal of

Transportation Systems Engineering and Information

L7]

L8]

[9]

[10]

Technology, 2006,6(5):56.

AL, B4 W BRI G Dial 268 2B iE Bt
(0. thEARRSIR, 2005,18(4) : 83.

REN Gang, WANG Wei. Improved Dial’ s traffic assignment
algorithm for directly computation on turning flows[]]. China
Journal of Highway and Transport, 2005,18(4).83.

Orlin B J. Network optimization [ EB/OL]. [ 2013-04-01].
http: //www. core. org. cn/OcwWeb/ index. htm.

Chabini I, Odoni R A. Transportation flow system. MIT open
courseware [EB/OL]. [2013-04-20]. http://www. core. org.
cn/OcwWeb/index. htm.

Shepherd B, Zhang L. A cycle augmentation algorithm for
minimum cost multicommodity flows on a ring [ C]//Global
IEEE

Telecommunications Conference. Rio de Janeiro:

Commumcations Society, 1999. 1535-1543.





