690 %ok Tk

2015 4F%6 62 4%

RERRBUEIZHERT T

BoE
£ =8 s N

(L ARt TR HLi TR A B . bt

%;;1.2 R g{/‘é‘/\ilz y Eﬁ}gﬁl,z s ‘,t;:‘ ':EC/H;’LZX
100029 2. GBI SHE TZE A TRLEE JLat 100029)
FE LA 255/30R22 R A 4] 1T ABAQUS #1575 BR 0 AR 20 %0 i A i 2 247 0 UL, — VRO 25 1 R 44
73— U FRIF HETVAL JnE S #4435 45 20 W0 U R 0L 1 6 BE 3% JF 4 5 7 2 /7 UVARM 15 26 MRSk T
BB AL REEE . S5 R WY R IR AR A AR v B A S I BAR L T R A 0 (L X e 2 R TR S K 5 T 2% S g
FABE 5 S M LD A i SR AL R s TR T 3 0 R R AR I A R OB Y L R TR OB B9 15 )R B AR 1R TS

BN AL G AL T2 S i B 23 ],
KR RGBT A RIC T
FESES . TQ336. 11 1;0241. 82

VIR Tl 1 e A2 At A ATTRE 46 i 1 42 4 M R
MR TERNER., RRAMUES R
LB FTEM, EAL T 26 e LA GE T
FEARIE 2 50 s #2250 10 vk b W a5 i iR
PR B 7 2k 20 7 1 W T R R R SR AL ASE 4
Ly Rl DM R VAT St = R R VAT R T ey -
T A J A B A0 A% 1 DRI | B B NG 0 Tk
REN . AR B 44 00 S5 A RN AL 5) 45 T A IR AR
— TERR AL AR A B o 2 Ak T A Y
o3 R AAL S BRI T i 6 TG 4% 38 067 5 B Ak T A X AR
femifh T2A & w2 . ik e E 50 IR 4540
MOBHRUBR AL T2 25 FH S5 AR B BE A 1 46 iR 31045 0% 4
(1 3 2#PEBE . T LLIK 2R AR 19 BE 0 H 9. BRI
eI G A 7= il B T B FE R Y — AN R, — Sk
I ER A8 6 0 0 L B 3 T R o AR AR R B L A L
T8 o AL FR T B R 15 48 G B Ak 1Y IR
FVE A AR B 37 AR 4l 455 400 205 SR o) 4% it 1 iR B
kA B[] S5 o 0 £ 1 7 IR AR I AR ) L OF HIR %
TR AT B AL R A 5 ]

AT AE VL 255/30R22 Ja F- % G R ). H
ABAQUS # {4 g 57 A7 B oo 188 78 %) Ak 2o B 2 47
PIRBE AL, — IR AN B B R W # J — R F B )7
HETVAL iz 5 i #4 . 53 51 15 310 4852 0009 1R B2 35

TEER N 1990, &, LTI dL ik TR %4
BEW A 5T A, 2 BN AL TR 5 i AT .
* JAfEIRRA

XERARER A

X EHS :1000-890X(2015)11-0690-04
IS T#IF UVARM B EIG LR E S

1 ARTHE
L1 HRTER

FUAT 9 1k 58 iR B AL oo B A9 BB 0L B R 3
KRB IEE BB RHE AL RE 9 25 1) S . — ok
Ui - S5 ORE T e P A% ) e L LR R g
A% ] Sk T AT A N I 2 Al X R AR A
KBR T 2R ORI A S5 MR
FYERE LR A R e, B 1R T 255/30R22 #
JH P P 0 il X R A TR D = A Y A TR R [
AE 16 T S PR O - L4 b T PR S AR B
BB,
L2 MUEMSHRTZHHE

A BRI BORE ) LA TS BGR A 22 R K
N T HRORRTEE AT IR 25 I8 T 4 B BRI £ B S
BB IR RE AR AR o AR 56 B 4 PR 3 RN 9B T
Dl B E B A BRI BRI B D 20 °C R AR AL 11
I 150 °C. &AL 5 A B Be. B
1540 s BABr BRI R A AF T

(DE 1 BrBeag et B o X i e il 5t
FRAE - B B AR RN E R BT
PR AR R0 180 C . Bbid FR15£E580 s,

()55 2 Y B AR JE 60 s, I By BE 4% i A 41
AAE

(3 3 PrBb R . W RHFEE 60 s,



1L BRI S T2 A BROT AT 691

Ca) 2k b % g AL A6

(b) = 2 52
B 1 #®ERWmAARTER

NT11 NT11
+1.800e+02 +1.800e+02
+1.667e+02 +1.667e+02
+1.533e+02 +1.533e+02
+1.400e+02 +1.400e+02
+1.267e+02 +1.267e+02
+1.133e+02 » +1.133e+02
+1.000e+02 +1.000e+02
+8.667e+01 +8.667e+01
+7.333e+01 +7.333e+01
+6.000e+01 +6.000e+01
+4.667e+01 +4.667e+01
+3.333e+01 +3.333e+01
+2.000e+01 +2.000e+01

()60 s, JG S 4 (b)780 s, Jo S I #4

NT11 4 NT11

+1.672e+02 }

+1.549e+02 ! ii:%‘éiig%
+1.427e+02 ! +1.571e+02
+1.304e+02 +1.434e+02
+1.181e+02 ) +1.297e+02
+1.059e+02 b +1.160e+02
+9.360e+01 : +1.023e+02
+8.133e+01 +8.856e+01
+6.907e+01 | +7.485e+01
+5.680e+01 1 +6.114e+01
+g gg%‘%gi ] +4.742e+01
+3. e+

+2.000e+01 ¢ 4 BT

(e)60 s, 7 S 7 #4 (£)780 s, A 5L #A

(D4 BBz . FEEELE 80 s, I
IR SE S I A I o R G A FN RS ) S L
REE,

(5 5 T BURARBUR . iR FREE 760 s, %%
MR AR B SR EENEHT O R
B FH 0. 94,

2 HELERSHW
2.1 WEBREZSH

BEADL 43 Ry B Ak I A B B 1 Ak B B, %
(4T Lk B5F 18 A543 591 Sk 780 F0 1 540 s, A JC ML
PR RS S5 1 T % R AR Ak A R e A T B A X
FeunEl 2 s . NI 2 T LB .60 s Bf AN AT
T IR 8 B B Ak 14 T EE 5 2 AH LAY BV I A

NT11 NT11
+1.800e+02 +1.800e+02
+1.667e+02 +1.667e+02
+1.533e+02 +1.533e+02
+1.400e+02 +1.400e+02
+1.267e+02 +1.267e+02
+1.133e+02 +1.133e+02
+1.000e+02 +1.000e+02
+8.667e+01 +8.667e+01
+7.333e+01 +7.333e+01
+6.000e+01 +6.000e+01
+4.667e+01 +4.667e+01
+3.333e+01 +3.333e+01
+2.000e+01 +2.000e+01

(c)1 000 s, Jo )5 Ji7 4 (d)1 540 s, TC 27 4

NT11 NT11
+1.846e+02 +1.846e+02
+1.709e+02 +1.709e+02
+1.572e+02 +1.572e+02
+1.435e+02 +1.435e+02
+1.298e+02 +1.298e+02
+1.160e+02 +1.160e+02
+1.023e+02 +1.023e+02
+8.859%e+01 +8.85%+01
+7.488e+01 +7.488e+01
+6.116e+01 +6.116e+01
+4.744e+01 +4.744e+01
+3.372e+01 +3.372e+01
+2.000e+01 +2.000e+01

(2)1 000 s, 47 S 74 (h)1 540 s, 75 J5 7 #4

B2 AARMARMELZGTRRERLIEPHEES

H B AL AR 58 i - T MR L 422 fjk 1) b iR
R T T S A JE ) i 7 T il 1 5 L A i A
HI R SR LR A R AL L EGE Y . RORHE
F4 i 75 it I T 9074 3t 77l R o LR AT A
AR iR A I 2 W] A e A B AR Y TR
o Ja B TR T A B RIS E] 51 000 s &b T
J 7 A 14 i TG S A B A A A i ER T
TR T BORE T R R R AP R E Y
RECHIE . BAR A 230 B A 22 A R H R 3 Y
AR Ak D R 5 R R AR B A AR
2.2 BRELRESHSLIRIEEZHN L

F T AR B0 B A i S T R AL AR S 1Y

HiI 4 25 07F + DRI 560 TIE 3k B2 A5 48037 2 75 TE 8 AR AT o0
o BT LS 2 5 A0 B AR R AR
RAEEANE 3 Fras o SRR S IR RIS UL
JEE £ % LE A 4 Broi

M 4 AT LA H 3 2 2R i 22 AE i Al ]
AT B A ADL Y 3tk JRE 5 S5 00k JEE R W) L Uil
A B R RASEALL ) 45 R AT AR Y . T B AL B0 BR B
Bt 3 Z M OB A o Bl B0 1IN 1 19 S L G
O FAAE AL A 3l JBE T 30N I W P % . i WA R A
B o T[] — Bk 2 A sz 7 AR 41 4 3k B2 T g AR O
A TR A B BB 7S B Y B N T
S5 R ARAGEAN B8 iz WAL /DN o A2 ARl g /0N T IR



692 B Tk 2015 448 62 %
N8 AT R AU A U R R ROPR L 3 ek
B 2R B A 22 R e AT DL L AT R I R A
P02 A Y
2.3 MUBREZSHT
A 1385 B85 2R . 1 ] UVARM 27 4 2]
A RIS B BRAL AR JE 5 AN 1AL S R . %
2 B AL AR BE i W] 6 T s (Gl 4 3R i
VLR 0 P R 2o A ) Hﬁ";iﬁ J'”HI%FFH RIME 6 P (G mMRmm R
S BTN 5 T o s T 5 i 2 R RAEBRALRR D
5— EBI= AL MBS mf A BAR B AL AR AE 780 s 4b
B3 RERESTRE 152 1k o ELBRL P R JEE A A 2o A PP AR SR A 8 s A
200 200 200
180 180} . 180¢ —
160 160 AT 160} TN, .
o ot o, 140t < o Mop A s,
oy 120} 120} 4 1200 /e e
%‘ 100 ;:é 100+ % 100 /11
80 | T80t 80
60 60 60 )
40 40 a0y
20 . . . 20 ¢ . . . 20l . . .
0 100 800 1200 1600 0 400 800 1200 1600 0 400 800 1200 1600
1) /s Al /s Al /s
()1 (b)24% (c)3%
200 200
180 180 =
160 2 160 TN
oo~ oo L7 S
oy 120 /7 :\b( 120 |
%wo Emmj
80 H: 80 |
60 ff 60 Y
40 40
20 | , . 20 . . .
0 400 800 1200 1600 0 400 800 1200 1600
1] /s i)/
(d)45 (e)54%
= AR e TR MR — — — S
B4 BARLREAEBNEESZNEERTLE ik
UVARMA4 UVARM4 A I THT 4 BT o A A A AR T G A G )2 AT G A
(Avg: 75%) (Avg: 75%) 7 = N - A L e !
3 9380100 \ +3.9388400 HAERAL AR . 780 s DU 2 J5 B Ak B Bt L J B AL X
24452100 ) +2.4450+00 Wi AR FE 1 TR 5 B A AH > L PR 220 S AL AR
1.952e+00 1.952e+00 e N N
+igeeion 117062100 FH AL GEREAL T2 2 R 5 RE R 4 . A7 Sk (1 4
+1:213e+00 +1.213e+00 N
175806 o1 1956001 LA A,
+4.735e-01 +4.735e-01
+2.271e-01 X +2.271e-01
-1.938e-02 e, -1.938e-02 ™

(a)
&5

(b)

AREHBEMNRIERULEESD

AT B 220 5 2 TR ) L A TR B e T TS IR 5
Zead R AL B IR B AL TR R Ak 2 R L i A R S
Ty b HE B AR AH BRI B A AL T ad a AR S

M6 A LU . 25 2 J2 B A A 2 i s 1) £
AR EMEIR . Eid S G ML B RN, B

3 Hig

(DR NGB 7 T BT S B i) L 1 T
JEE 24 A9 U L (L X e 2 L JBE S TR A K

(2) 5 2B ok LE o o 28 B 10 B4 2 1 T BE RS
B4 A AU iRy LS AL A

(3Tt R il ik S B AL AR I 1 R I
FHI(EL i T IS BB A fEL



511 3 B R AL L R FRoT e 693

1.6 2.5 3.0
G
L4k 2.0} 2.5
<12} :
= ° x
< S 20+
gl LOT 15 E P
0.8 o G| al5F
= o6l S0t S G
= 4= 2 L0}
0.4} = =
- 0.5} 05l
0.2} :
0 400 800 1200 1600 0 400 800 1200 1600 O 400 800 1200 1600
B ] /s B i) /s I /s
(a) Jify T (b) iy )2 1 ()P T
3.0 4.0
05 3.5
- _3.0}
2.0 = |
B 525
@ 15 g 2.0 |
2 G =215
210} = G
10}
0.5 0.5
0 200 800 1200 1600 0 400 800 1200 1600
it [a] /s Hs 8] /s
() NHTE B (e) =1 Izt
6 BRENTRLIEE-rE &
COBET 506 AR 2 A 2 MAER 2 Ai»2006,26(4) : 225-227.

Y

kv

SHBAIR S B BiAL R AL TR B Y SIS 2 Z 00 [2] AN, BRI FAL MG w05 BLOF 55 (D], My /R . 1y R
N N [l K 2#,2010.
T £ 45 W B AL T 2508 A % 5 U B Ak % i AL B 11 -

[3] Eckert E R G,Drake R M. Analysis of Heat and Mass Trans-

B S AT B A 6 B 2 ] fer[ M. New York: McGraw-Hill, 1972 1-49,

[4] FH. AR EZMBRITH P [D]. b KLk,
Sk 2009.
(1] M B, W&, e sifb T2 & m ek [1] BT Y75 B3 .2015-05-08

Finite Element Analysis on Vulcanization Process of Flat Tire

TANG Xia"? ,HE Jian-yun'?,ZHANG Jin-yun'?®,XUE Zi-chen'* , JIAO Zhi-wei'"*
(1. Beijing University of Chemical Technology,Beijing 100029, China;2. National Engineering Laboratory of Tire Design and Manufac-
turing Process, Beijing 100029, China)

Abstract: With 255/30R22 tire as an example,a finite element model of the vulcanization process
was established using ABAQUS software. The vulcanization process was firstly simulated without
considering the reaction heat,and then simulated with reaction heat loaded by HETVAL. The tempe-
rature fields were obtained, respectively, and the vulcanization degree field for the simulation consi-
dering the reaction heat was obtained with subroutine UVARM. The results showed that, during tire
curing process, the vulcanization reaction heat affected the peak position of the curing temperature
curve, but had very little impact on the final temperature. Taking consideration of reaction heat could
better simulate the real tire vulcanization process. The curing temperature of the thin rubber part was
always higher than that of the thick rubber part,and the vulcanization degree of thin rubber part was
also higher. It was found that post-cure was important and it was necessary to further improve the tra-
ditional vulcanization process.

Key words: flat tire;vulcanization process; FEA



