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Influence of Structural Parameters of Composite Autoclave Molding
Mold on Temperature Field

LIU Yang, MA Guichun, ZHANG Huabin, WANG Lei, GUO Sibo
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Abstract: The uniformity of the temperature field distribution in the autoclave during the curing process
has an important impact on the structural performance and strength of composite materials. This paper
took the frame molds that were widely used in the aerospace manufacturing industry to produce complex
large structural parts as the research object. In COMSOL, the unsteady three-dimensional temperature
field of the autoclave frame molds during the curing process was established. On the mold conditions of
different ribs thickness, ventilation hole size, and existence of heat dissipation holes, the influence of the

temperature field uniformity on the mold surface was studied. By comparing the temperature standard
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deviation curves of molds with support rib thicknesses of 10 mm, 8 mm, 6 mm, and 4 mm, it is found

that reducing the thickness of the support ribs can increase the uniformity of the temperature field on the

profile, but the overall stability of the mold becomes thinner with the thickness of the ribs decreases rap-

idly. If it decreases rapidly, pressure instability is more likely to occur. Comparing the mold temperature

standard deviation curves with longitudinal ventilation hole sizes of 130 mm X220 mm, 150 mm X

220 mm, 170 mm X220 mm and 190 mm X220 mm, it is found that: appropriately widening the ribbed

ventilation hole size can increase temperature field uniformity on the profile, but the curves with widths of

170 mm and 190mm basically overlap, so the impact is no longer obvious; similarly, the existence of heat

dissipation holes can indeed increase the uniformity of the temperature field on the profile.

Key words: autoclave molding; mold; composites; temperature field

0 31 &

S A BHE—F SR AL TSR LT 4t | e
YA FIERIAEL AN | 4Rk F ) 1A TR
BARSHRERH B R MR ARG
B, EEMEEAGTZME. B, EAMEEA
AR s 04 Lo BE R LIRS, 3 R SRR R AT AR
AEXT B2 I E A S 7R 32 B o A A8y TR R AR T o
HR, B ARG R A AP e Fnim A, \T
PATEAR RS SS BAEE CAn il L SIS R Rz
M. 5i4h, Skga @ikttt 88 EA T
KA B AIES, PRI LOK e A T s AR sk 52
FRIEEH , T AN RS 77 R

R HE T 2008 — PP R 200 52 A MR R
L BT AT LR CIREFETIE R
LA T 2 AL B AT ) TR R AR R
FE 5 T R T AT AR A, A5 E R L e W
PER A AR . SR SRR A T, A
JEHE T2 BA B R W R T AR . A 8
AR B v AT

FEARERE SR T2 07k, IR 0 A 2 I
KA T AW R . fEml T T EAR, A~
BI5T 0 B 3 A 2 S B0 R R AR SR B N
X BB 5% B N T BE 2 S BB S Y R R H B B
B, DT I 2 PR AL AR i, i | W) i
KARFFEIR . ST R AVE A R R
T R 2ok R %) AR A R, R ot e R L v R
BRADURE L T 32 37 1 R I S A, T B AU
ORI AR B TFEL,

B N AN 98 3 0 T 25 B T R A
BHREE BT )L AT T R A OCAY . 1k
A A1 T A AL KL AR, WEDE | 32

WAE, KI5 38 R AL Y T IR 2 53 v e A 1
Han 88 ST T A5 L 76 2R v 0 A ()3 )
XoF U BE S AT R o i A A o e AR AR L S
FEHERS (050 A1, WS T AT XU Xof 784 1 3 8 0 A
(RZ R, A5 T R0 JRUTE 7 i35 250 1T R B 37 145
PET7 HAOR R 3 . Hu SRR 7 i A
FLATRITH AL 1) 4% B 22 B30k s 704 1 g 2 A7 g v
Ttk ks S i AN A T 2 S HOHESL K
BREL YR B S (0 B2 ), i B 0 A A T A
AR TR A A X AT o SRR S o e S A b
M A1, B9 A IR 1G R S 45 B A Ta] i o) i B2 37 1
B RS B

PAEAIFSE R T s L KL LT M
PH RS R [RIFRAT (AE AR R B, T Ak AR v i
TS BARA SIS N RERS i 5571,
DA el A EL AR T VR B S 1 4 A A0k

ASCUA i 1 KBV A MR AR RE T
SN EBTERT G, AN At AR v AR R b )
JRFFIHIE . K2 05 B A COMSOL # a7
SRR R R AL AR R A R
[ At PR R PR B AR . B RE H TR R
FREH R HE SR B LR B A TR AL, #55¢
P25 2 O EL A T VR 43 A1 A S M LA, LA
W LA B RS %

1 PAJERETERE

SRR HE YA A AN A 1 B, g — A — i
B, 55—t DR BAER . K EZ SRR R
Y Je R A R R S ] B R R B =S
JE RN 52 A5 B R T A i s A P 2 (A5 8
(1 il it RE 5 S 4 3ty A7 [ 4, 38 IR AR A9 LB
A&, DT ™ ity o ek S ) 5 AR H R L, ik



CEVEE 217 1)

AR RE B A S RO SRR (X A 585

TRURRED, Sl THE IR L Ol A

SRR RN BT A 22 BRI

P R LR 4]

Fig.1 Autoclave perspective diagram

DAY PRI AACKE B 2R AE R — S o A TR BT
Be, IR B RS0 8l , Gl o BT A 5O R G fil
e A AR W R IR TS, LADRIERE U B2 Y
21 ETb o B B BRI A A, i i v H
A Gl 2l BE AR, i AR G A e 4%
A AR B4 R R AT

2 H=REIpEE
2.1 #fEEFE

P 18 L T L WP AR L AR S A
e PURHE T AR — AT 2R FR e, Al
AT ABL M A Ay B PN A A R ST B R, i o
T DAY SR 8 3 8l A A T A 2 ) 5 3 0 O
Mg, RN BAA R RS N
1, T LS 7 R e R AT R A

1) B sp e R GEge ey )™

%—i—di‘v(,oU):Oo (D
2 B R R s 2 e D

d(pu) | . 9
T+dw(puU)—dw(77 grad (u))=+S, P
@)

a( pv a
(ap[)—I—div(,ovU)Idiv(?rgrad(v))ZSv—ai,
(3

I ( g:U)eriv(,o‘wU )Zdiv ( negrad ( w))zswfgf‘z R
(€Y

3) BRI TR A SRR

)
ad ,oh) n 8(puh) n 3(,07)/1) n 3(,0wh)
at dx dy dz

*pdiv(U)eriv(A'grad(T))+Sm+g0, (5
K o MTRINE R ; UMK ; p Wik r
FEJ7: TRWMIREE ; n sl JIRGEE ; Ah iR Ay
PR o MR MAERCREL; A TR RS, S
R AR AN S,, S,, SN shE TR X
JEI 5 S, AR NI, AR R 05 u, v, w kil
KX, y, 2 7 LR

4) f i

JaT
Pcpg

P o WELEMBI I 5 C, ABER ARG AR
B w AT HYE R B 5 ko BRI
TR 5 ¢ AT

2.2 HMRFHMYGEE

AR5 P T2 B0 AR SR LR S Bl P et
i, MR BEAT— AL, FFicE R,
K 2 Fios .

=Ve(«VT)— pC,uNVT, (6)

WAL

z
JADE

K2 BATREER S A

Fig. 2 Autoclave temperature field calculation model
1) MR 25 s FETREHP AN RE NI E 7
SN /N — U] R (B (A T 30 5 2% o T



586 b R A s CASRBREROD

2024 455 5 )

B OGS . X AT DURRE A P N B
IXEERTE LI, XA IR 2AT Bt 5S4

2) BE RS BOE R H R
T, B ARE RN 2.5 m/s. MAL, BTFHEBE
N AR A 1 2 i ] ) 22 A R, B AR T
ML, WA 3 B, FERLTHA AOR
TERNB R Z—

500 -

400

IREEK

300

%
IS fEl/h
K3 TR
Fig.3 Process temperature curve

30 A At TR ) ZR PR D e
PRI TAE R, AR 0. 6 MPa.

4) B IE X A - R A R A O [
R, HA DR £ o A, Py BE AR R 5530 4
2 fih 2 T H By G RS BE T

3 BUEEBSTR
3.1 BESHE

AR SCREAUBI ST I AE AR B AAS 2 1 700 mm X
1 500 mm>400 mm, £ 7 K124 130 mm>x220 mm
SR HEAL R4 R 25 mm 2 B BOGL , Bl
JEEESR 7 mm, LRSS N 4 mm. PR
I TAERSF R 2.5 mX7 m, BESHE R RIS
S FHRGETLP e . SRS INIA 4 Fs .

REELAIMA R 250 AN, PRORIRE N ) ARSI
PERZS o MIFARH T A ERES RO 1.

#1 MEHEXSH

Tab.1 Related parameters of materials
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Tab. 2 Data from all monitoring points in the experiment

/K
Fs} 8] /min

X03 X09 X13 X25
10 311.6 302 301.3 307.6 309
20 324.5 314.4 311.9 317.9 321
30 337.7 327 324.2 329.8 336
40 351 339.8 336.9 342.3 350
50 364.6 353.2 350.9 355.3 362
60 379 367 365 369.1 376
70 387.5 376.3 373.9 376.6 383
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Tab. 3 Data from corresponding points in the simulation

/K

i [] /min

X03 X09 X13 X25
10 304.4 302.231 301.1 301.9 301
20 317.9 0.8 311.9 311.6 310.3
30 332.1 324.4 325.7 325.1 324
40 346.7 338.5 339 339.2 338.9
50 361.4 352.9 354.5 353.5 350
60 376.1 367.5 368 368.1 364.2
70 390.5 382 377.7 380.6 378.7
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thicknesses of rib

SR PR JE R 5 R LA g S A R A DDA
S, R ) X A L e BEAE R A2 TR A
0 A i B R JE ) R A, I B DR A
MRS AETE . PG, AR SO RERL Y 4 Ff A [8] 5 2 1Y
AR T 5 R AR M T o O T RS
P B0 fag AR )AL, i A HOR 32 J ) B9 ) I
TR 1 ¥ 53 73 A5 19 43 2 20 000 N, 5B JEE 8 )
ZHNEE AR il COMSOL #1705 51, frfs4h
RUNR 4 PR

F4 SREREER
Tab.4  Strength check results

B2 B
JEJE /mm 4 6 8 10
KV 71/ MPa 11.48 7.414 4.114 4.530
AAE/ mm 0.0146  0.0123  0.0104 0.009

MR 4 FTRUER Y, 4RS00 T A9 E RN ) B
I T 58 B H AR {E 235 MPa, 1 5 A0 8% {138 /)
THIEE BARME 0. 5 mm, 31X 3% W Bl 45 f3f A J5E 5 11
VSN RN iUE = N VPR ER I EaPi 702 D) UMK SR IS
AR Tl S PRI, 3 4 i 0 240 A2 i 3 A
W 2R, HAm I Tl A

TE T A2 56 J5E NI E 2R A AT ER T, i BEAEZN
WG ik w7 Z AT R e Mo B . i COMSOL
it 4 o iy M VR JEE AR R R AT e ot 20, LA E S5 A
IR 4 Y 1T s g i B A A o il O B A, A
A T A A JEE L B i AT AN 5 TR

16 5 T LU Hi, i AR US B X A L 254



CEVEE 217 1)

AR AR E B R A S BRI SR ) A 589

e VIR 2 o YA AR R, B ]
RES A A RTINS, BB 19 58 4 0 3 5T 70
Wil Wi, OB AMRIZER, $2 %R
A MRS R R R, DURUE Y T e AR T i 5
AT, BORETI B e PE RS E M . RN, iR
M IS JEE D 4 mm (445 L 14 245 449 JiE it A2 T ] 10
7R o
S S

Tab.5 Critical load results

E 20 B fE
JERE /mm 4 6 8 10
I /N 60243 17 043 34173 57 990

i S 4R B =6 0243

K10 HEZR SR H, i A2
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Fig. 11 Variation of temperature standard deviation at different

size of ventilation hole
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