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Abstract; The heat energy generated during the braking of an aircraft has quite close relations with its safety;
therefore, much research in this field has been performed. The article begins with a review of the existing liter-
ature on the temperature field of airplane braking, and reaches the conclusion that there is no theoretical math-
ematic model with the boundary conditions of heat convection and radiation. This article presents a three-di-
mensional model using the finite element method which takes into account both of the boundary conditions.
The process of deriving the model is explained in detail. The numerical simulation results by ANSYS, which

are in good agreement with the empirical data, show the importance of the boundary conditions and the validity

of the model. This finding is potentially significant in optimizing the design of airplane disk brakes.

Key words: computer simulation; aircraft; braking; finite element method; temperature field

KLY A G B R AR IE K HLRE IE R R R
FEERG ., AT — MR 458 . A4
R A — M T UINER EARILE )=
T AR IR K ™ ) 55 T AN A IR R AL
PERE . HRETIE WA 2% I T BOoR RS LR
FRENBSREEY . i TRENIEL M A
8 52 F Itk A R OME DL o 10 300 S RN AE 2% A — %
AR MEAT 2 A A it

FE] S0 6 ik BE 37 1 F 58 bE BB L TR B K
A, LR —4ER B 37 07 R A R 4 TS R 25
FE A, TR 7 A A A A L A o6 B O R DA T
FERE M. A. Yevtushenko 2 F§ Han-
kel BUp A8 e J Laplace 78 # 5K i 1 — 4k il X A%
AL T )y . F. Colin S5 48— FIR & ik X
18 Bl 43 A B3 B R FH AR 0 L 0 [ S 9 o U SR
MARICIT it 5. X7 kIS & T s A 1,
GAEFZIETITEME 54 R . s

WfE HE . 2009-01-16; 1T HEI: 2009-04-03
BIRNEE . i 5 E-mail: xuejing0413@163. com

A. Floquet #1 M. C. Dubourg ¥ % & T X —
WA R X FR IS T 5 B S A R AT
Fo A B R 58 22, TS L i b s A2 4 BR T O 122
(FFT-FEM) 3K fi# 1 = 4t B & A 1% & J5 #2.
K. Lee &7 #f 5: H — > 52 T 9 0] 2 Rl A Y, o 8
RGN TE P A RS BE R 4 B sl i AR ORIk
T UL Ry H (L AEE ST R G @ A R T2
A" . F. Kennedy % 4 48 17— Fh B 58 6 Al
AR AVERE M B O O s TR R TR
TE s T JBE A5 S T A B AR e T I BE | R ) A
AR T s AH AR B A~ A 4 28 FA LA AR P 6 F o )
BN XFFR . P. Zagrodzki™™ AT T 4R I9E 2 A
PERE 73 B J5 SO A BR T R 25 40 A R 4T T &
Jell ffi ] Petrov-Galerkin J7 3, BF 5% W9 > B8 4
AR A 4 A ok 1) A 58 0 KL Lee %501
B/ = 1 S £ T =N . O 1 T
O. P. Agrawal"'" F 4 805 000 36 0647 40 4 &R
JE 3 A SR A e R BCRA R R 2E . X RN T
PR BB AR AL Oy — R AR RL, SR — A IR



o3 1

FE AR A LM 7 B EE 1 1) W 2 PR A A 639

JE . BT e/ Rk i ug i i BE LR 25 . Bl
S. M. Zhao 55! ] FRIC 52 Al X Bk A B e A5 7
A7 i 2 THT B 5 R T LA B JBE 4 R Tl JRE
A fiph [ 3 04

o [ BEAE L A VR 23X O I B L R
FESE IR T LA A R S A
WA T EETHE TR A A S H
B %€ T7 15 - WEIE T EE S5 B RE D) 2 100 iR JEE 3 14
LA

FI RIS T4 4 81l B2 37 i 0F 5 R IR T
IO T b T B AR 4 i 5 LR AT BRI TR Y
PR ST LB 5 . O 1A T R B AR R R
JE TR DL JL- 40 2 T e B Al 2k A A
SEL AR BN RS B . AS ST A ST A R Y
WAL T RN R T RO B AR A B R
BEREAT T HE A S 0 TR A B TR A
8l BE 37 53 A+ 23 BT T 4R SR 0 IR B2 395 B R i
TR A T

1 TRHLM 2 iR S e

X AR A B 1 A A S R R AR A A A B
A RIS B = 4 25 1 S5 R 5 Y e 05 R

(2 2 2

x\ “ox ) oy oy

fe) oT . oT

O (e 2V g = e 2L

az< : az>+q P )

ok, ey Fl k. 535008 o Bl y A = Bl S 24
Ry NI 50 WBE; ¢ WIERET AW
J5T I I YR BE 5 ¢ I R] AR
GAF T AR E AT B A TEMOTR N
T BE Y A5 Bl 2 PR AR AL W] 5
T = S® 2)
AP @y BT SR B R R 1 e 5 S O
T bR B J& FH O MR Y S SR A B — AR AR
(s y s DMEFRITI

TR R 22 D7
N

IrlE 55 S+

203 v i
(3
AR g MTE e A IR D 4 A 6 8

MR,

X 8 SR R0 X AL 00 A A A Ak B AL B R < o e
A LA 14 i S X UL 0 B A A A Al D AR R T
IR L AR 5 5 A U 0 SR A — AR O iR O
P ACAR 27 B A AL S i oy T P A M —
fiff o DT B 2 A I AR RE 3 4 A . XA — Fil
AR R T TR R AT A I —Fh i B SR A
it B O,
Py 14 3% T 4 5k B4 Stefan-Boltzmann gt ;
q/A = oT" )
Khog AEST G A AR RTE ;0 A
Stefan-Boltzmann % % .
MON AWk Z A R R A AR R
R. Siegal 1 J. R. Howell 51} T 5 & 8 it 5%
A & 1 Rl 2t -y A
SH(& R )2 = S, — BT

— \ g € ; =

(&)
R0, W NI S e, W ¢ 06
FLoR I B R <j<N; A,
Wi | RO Q KK i AR T,
KU i LRI, A TR 1R 5.
7

N
Doy — (1 —e)F, g = eoT! (6)
i=1

N
g =q,— > Fq, (7
=1

Nbeg R b4 55 ¢ R
PR Fy o R g B IR
K (DA JE R AR KO B2 4, 38 i Newton-
Raphson J7 R #5955 91 5. S8 5 8 1 X (6) a2k
H g
8 VR — N T R S R o B R R
B AL A BT $R 4L T AT BROCB B A B 4. X
T T 1 A5 B ek 00
oT| . net
kT =T —T) +q (8)

I

Kk PR IAAL S 2 K0 b D 32T X I e AR R
B0s @ g AR A B R s T 3R
IR R B I AR AR B A 5 1) ARA GO IR
A DG I3+ 28 2ed d5e 28 Ak L m] 45 5]

0b =X
@ O 4 X4 i v RO

X :7ﬂ S'(h, T+ ¢*)cos(n,x)dA —
A



640 Wit

B

% w31

H ST (h,Ticos(n,y) + ¢ )dA —
A

ﬂ STGLT, + g cos(n.z)dA — m STGdV
A. A%

XTI Al R A 5 5 IR AR AR U
TRENRE R W] A 1 Z0 + 00 = X. (Z 2 % U
WD 1 FH R L 5 A oA 47 I IR

s 0

(iz +O)T, = X+2(5 T+ 1H;Tp)

ZJAN
(9
A0 MBRBL R E Ac EFE 2S5 T, SRS p B
[E) A S A A PR R B < T, R 5 p A4k TR) 2 IF 31 3 %ot
s 1) 1) 2 4
KO R RG TR AT bk A Al L
SR YT AR A5 B IO ) B AR

2 BRI E RER I

PUIE RS KM kR OB R E S C/C
PR R G40 7 A R A RE Ry 56. 67 MJ, HiE
FT RS R4 E Sk 12,5 MPa, 5 UL &
e H ANSYSO. 0 #E 1745 F8F 5 . Hofh B 45 1 n
Lo mia R | MX &, 1K
il h 2% o RS 6 R R Al = R R P A

W/ C

974.617
I874.424
774.231
674.038
573.845

473.652
373.459

273.266
I 173.073

72.880

I JE/C
I 948.348

851.052
753.756
656.460
559.164
461.868
364.572
267.276
169.980

72.684

(b) THEE AU

7R o R R R R = R B 3 4 A
3D temperature field of disk brakes while

K1
Fig. 1
braking

B 2 4y th PR S 2R AF T R R H B
JEE 55 A0 AR 149 73 A A7 Bl Sy WL T 1 AN 7 I A
o MBI AT LA i 1) Ly T v ) R 2
NG« 3 AR R i BT Y BRAE ) A 4 1 R 4 5
DN Y S D S U R S R ID A R SR
JE o B B B AR B FR AL, X ] 2 Ca) AN
Bl 2Co) nl LU H 25 5 A PRl 5% 26 0 I s di s i
J3E i B0 07 R O 9 5 K R A PR
AR I A R A O TR AP R g L B O i

/I C

1102.000

987.556

873.112

758.668

644.224

529.780

415.336

300.892

186.448

72.004
() M B3 3 A1 (HAT 8 S RO 5 4 1)

PI(W-m™2)

P 1.75%10°
{ H\[HJH" { ” (5 _:_I
AL =t 1.56 X 10°
LEEr TR TTT Ty P
15915 JRe: 136)(105
;;};::-;‘l‘fl_ ; 117X 10°
; Ihhis 9.76 X 10°
------- I
1 7.82X10°
"""" i | 5.88%10°
(i1 i B 3 93 105
LTRSS 1“ bate
li‘! ;f{i,,.“ [ I 1.99Xx10°
| T TR
- P—?#i+:—v-p-l-?,j,=-\~" 4.67X10°

(b) PR AT AT Fi 5 AR LI S 2 A1)
i/ C

1 189.000
* 1065.000
940.918
816.901
692.884

I 568.868

444851

320.835

196.818

72.801
(0) i BEF I AT (UAT XA T 41T



FE AR A LM 7 B EE 1 1) W 2 PR A A 641

POR/(W-m2)
I 1.61X10°

1.43X10¢

1.26 X 10¢
1.08 X 10°
8.97X10°
7.18X10°

5.39X10°
it 3.60X10°

= ‘ 1.81X10°
kL 1.74X10°

(d) FAALI A (U XL 5 A1)

P2 e U R SR ) 2 R B 37 03 A 0BG o3 A
Fig. 2 Temperature field and heat flow of disk brakes

when the highest temperature occurs
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Fig. 3 Curves of the highest temperature point changing
with boundary conditions
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