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Resin Pressure Test of Composite [ Shape Structure in Autoclave Zero-Bleeding Process and

Pressure Uniformity Analysis of Pressure Transfer With Rigid Mold

SUN Kai, LIU Weiping, HUANG Zhijun, SUN Cheng, CHEN Ping, LI Zhiyuan
(Institute of Aeronautical Manufacturing Technology, Shanghai Aircraft Manufacturing Co., Ltd., Shanghai 200436, China)

[ABSTRACT] For I shape parts made by 977-2/IMS prepreg using H type molding in autoclave zero-bleeding process,
resin pressure has been tested by using online standard curing cycle and step pressurization cycle respectively. The equiva-
lence of resin pressure and autoclave pressure is investigated and the uniformity of pressure transfer with rigid mold is
analyzed according to the resin pressure test results. The results indicate that the resin pressure is consistent with autoclave
pressure in one side rigid mold area after stabilization. The equivalence of resin pressure and layer pressure in autoclave ze-
ro-bleeding process is verified. The resin pressure has a load balance procedure in two-side rigid mold. The resin pressure is
even in different area and is consistent with the autoclave pressure. Compared with step pressurization cycle, the resin pres-
sure has some fluctuations of the standard curing cycle in the initial stage of the test. However, the resin pressures under the
two process cycles are the same after stabilization. It provides a reference for the resin pressure test of parts whose thermal
distribution is relevant large different.

Keywords: Composite I shape structure; Autoclave zero-bleeding process; Resin pressure; Pressure transfer of rigid mold;
Pressurization cycle

DOI:10.16080/j.issn1671-833x.2016.23/24.087

AR A A RE CHLH A s 1, B A BRI T A, DRI 9 A 2 e ) A 280 S B A X T T
O RHLeHEER SR, HET, R L E SR AU sy T R B 700k A ) AL S0 BT B % P38 o ) 4
FE R AE R NI BE B 5L T SIS A7 e A B R A, [P s I
Hﬂ%ﬁ%?ﬂ%*ﬂr%ﬁﬁ FER R ET I T2 il 45 10 A T = A R I AR A IR ) S A E A
SIS TN BE AR A5 R A A A R ety T AU T A FETE—E DGR 3 XA B F g Al il LA ) 422 o e
SR G EE R T T A, A — R AU WAL R AACR . Campbell ™™ WAL IREF AL AEALEL R
A8 7 2 4o BEASLAT TR W SR L e T 1) TET 00 - S A L ik v 37 S PO AEIR R 7 5 Lynceh™ &
« BETE : 1 BT COCHEH AR TR H (€919-C030601-24-1)., RS s 46 PR B AL TR B IR T AT

2016 4555 23724 W] - B hiEEA 87




PN
HI:%VEI RESEARCH

Al RO IR R 5 5 AL RIS iR K
BBRE S TR B 2s KRS IR A% 2 R T S 56 =
HE— AL TR IR R 45, S T # R RERT A
FIIAELEINR, X R R i 2 e i 3 Ptk A T T A
58, IR iE TR R AR R E AR A LR R A S
BRI B IE T, FaR RS B RN RSl 2 97 R
FiE 53 HT

AR SR AL AL Ak A 30 BEARS i 1 g e £ 3k 2R
B8, %7 977-2/IMS PR RHER R REF WAL T2 TR H
Ry SO B B A ERE T RIGREE R 34T T A AL
A XA R S AR LRI, X AR S 2 R 1)
GRMEIATIE ST, ST BEAREAR TR A A5 S 3 S04 X
X I FZA 1 RS o i BT LA B

1 R
1.1 REEMSEE

(1) JE A K CYCOM 977-2-35-24K IMS-194 7
TR (RIFR N 977-2/IMS FUZ k) BIg &0 Kl
35% , 45 LH)Z )R M 0.188mm.,

(2) 5 UERHE, ASC A F] 5 Bl R I ELMA R
85 AR —0.1~2MPa K5 ¥ 0.25%FS, AL G2 A K K
Nikon EPIPHOT300 44 . {5 .,
1.2 KEHFERIRNA

(1) BTG BN T R K 840mm , IR
1R BEZ 190mm, JEAR VTR BE 7 AT 3 MR IX, JE R 45
M 5.64mm 4.316mm . 2.632mm, HHEE AN EE X
MG B R 6.956mm, AHRAE T, BE &
TR A ORI LR G AT, G AR IX IR E H
JE AR X JE R —2F . R EEILE 1,

840

190.59

|—uu

Bl | BEEEHREE
Fig.1 Schematic diagram of I shape spar

(2) TAEAN24 . BB S rp 232 T 28500
AR R AR T2 AR X R AR T RS O UL 2
AR 1 B TR 25 8 —0.12~0.06mm , T AR A 1) 754 T i
747 —0.13~0.08mm , ¥l S XF T A4 B + 0.2mm
HIfm 222K
1.3 BgEHMR %

(1) WS R H IR RS

DB AR A0 4k (& R HRER) BT
A E BT B IR R R B — e B, A

88 MiZE WG A - 2016 4E35E 23724 1]

2l AP R T g 2l ak A B A T (R ) st A%
3B B SR A i ) A% R , AT T SR 0 g PR T Y
MR

E2 ®EEEAMRATIETEE
Fig.2 Schematic diagram of the tool for resin pressure test
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Fig.3 Calibration curve of resin pressure measurement system
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Fig.4 Schematic diagram of resin pressure test position

EEEPARITE
(2

E5 #igEAMRBENEREE
Fig.5 Section diagram of resin pressure measurement line
i — B 1] s (e BETC R HER AR 45 1k A
Uk I 4

2 ZR5i1e
21 WERREHNSHEENNEESH

T AR X R, B OR300 LS 4% B R S
B R IC A5 1o 24 )2, B A0 RS X ek ) 2 0 5
HME—B B 6. FE 7 43 1A LA A AR DX 355 B Aef o 1
JE S bR AL BE R BB IR i <k . w0, 7E
Tt o BT, Y B 357 i A 54 T T 20 7 4 L B
S J S — 3, RIVAT A5 A S A X ek AR 1
2R —3

TER AR R RE GRS 0 7 B AR i A
AL R O BN T, B AR RE R
A FE LT B RG24 S AR /N . R B )
M, £F AR BRAR A B0k 90.6%™ 156 Hh i i
977-2/IMS Tl BHF AEARFR I E0 29 R 60% , 38 33 42 AH i
B EL A 4 o3 A e R 2 LR 8, v DL JZ AR Hh 9 41 4
BMEUME . I, NS b YRR AR 60% ZiA
) R[] A5 AR 2 R G [T Aok R A B 43 4 43
HNE

R I 2 T R RS AT UL X 2T R
60% e A7 WP R, TE R FER I TR, 40
BRAL T4 07 (i shAS s, A e )2 e B 453
P 38 AR A T ) vk A A R A AL 328 T R

0.~ PuEE |
— LA R A 250
0.6} 1
£ 200 &
< 04 »
4p 1 =
'E — — 150 @
0.2} 1
/ 100
oop 1
. . . . 50
40 80 120 160
[ [E] /min

BE6  FrihinE S E T S MAEAE 1L E X B JE F7 03 2%
Fig.6 Resin pressure measurement curve of one side mold area
in step pressurization cycle
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Fig.7 Resin pressure measurement curve of one side mold area

in standard curing cycle
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Fig.9 Resin pressure measurement curve of two side mold area
in step pressurization cycle
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Fig.10 Resin pressure measurement curve of two side mold area
in standard curing cycle
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Fig.11 Analysis diagram of resin pressure in two-side mold area
during curing

6001

"2 4001

<
MZOO-

&

40 80 120 160 200
R /C

E12 977-2#BEFiR ML
Fig.12 Viscosity—temperature curve of 977-2 resin



PN
RESEARCH mﬁr&x

R 3 0] a0 P v e S B Sz e 2 0 0 1,

TR EER P RF BEHIE A 5200, AN )7 AL 1) Ui

FESSHHZER R b b YRS I dl 2R, S tmn

ik, RN ASE A ) 7 30 85 30 A T3 90 °C, B gl A HAT ¢

WA Sl DRI B A o e o 3 1 03t A L
BN RTA L =

FEFEAT BRI IE BT, R SEmE T g2 R 54 %

YOG ZR , AT L3R 2o TG [ Ak 700 A A0 285 B R s il o 240 A
il PR AR AT A B R ik, A X TR o i ELRE
AT B R R, R T AR 2 R R Y 22 1)L AR
MEAH T o TR R AT I, BB o A AR A A S
LU A B84 LA rh A AR ELAR F B A AR S0 Hﬂ%&
PREFAF N TR X %, TR A — &
5, [)— i 20 AN [R)47  Ab R AN T Mﬁ'ﬁffﬁﬂ‘é@ﬁ
PEAFAE 25 57, 23 1 AN [A)AE E A A Jig e it 5 SR 9
AR RN B ST 2R ERNE
1, FE R BT 347 22 A0 A4 g e 3k DA 0 B B ASEA% 35K
TR, AR AR e — 37 B A 1% 5 B {ELVE A o e s AL
T, 5 AR PR DXl 305 32 A A D) it A 12 X
SRR G A LA AS 1S DX 3 i 3 Sk JEE o, DU IR
A PR DX ) R i AU 288 8 0 4 ) R A e, T R A A R
H AR R X TH]

TEIR B #ofmr V-4 5, B A 7 5 A RT EDOU
WL 2 e 7, 0 T AT DA 36 AR A% R () A 3 S35
PEo FndE A EE S AT, BARTE BRI T
HIR B 77 9 AN &80 )2 F 07 0 SIE A S e, A 35 K
FEAE— B W Bl , (S A0 RS 5 B8 5% 30— o 7% B I A 4 g
FE I3 30T DL W 2 e 07, I EAZR B I X [a) 34 4
K, AR TRET B a2 2k, Hik%
SRR R Je T A€ 0 52 b 72 AT S BRZ A 1y i
BAL R S0 ], B 180R FH A o 181 Ak i B 2R 474 i 1 g
W

3 4ig

(1) PERET W T2 F B w1 ) 5
JE R HA S5 . @A WA FE 7 6 75 vk 4 BT
JEE 1 SRR 2 SR T

(2) iR , WU R % X 3ol 488 s P 0 A A 288
TF A7 A5 A, 7R S AR [ X SR A i T 13959 9T 5
W — 30, VAR SRR BE 22 Al 57 50 2% s EL 7
TE (2 7 45 BR3P P, O LA s A 2 L H 5
.

(3) XA 3 A1 2 5705 0 2 P ) T A £ S 3
AR AR TR W LT, LR F b e 1 4
JiE HEAT I I B v

(1] k38 St
2007, 24(1):1-12.

DU Shanyi. Advanced composite materials and aerospace

A MBEAR

engineering[J]. Acta Materiae Compositae Sinica, 2007, 24(1): 1-12.

[2] CAMPBELL F C, MALLOW A R, BROWNING C E. Porosity
in carbon fiber composites an overview of causes[J]. Journal of Advanced
Materials, 1995, 26(4): 18-33.

[3] CAMPBELL F C. Manufacturing processes for advanced
composites|M]. Oxford: Elsevier, 2004.

[4] LYNCH K, HUBERT P, POURSARTIP A. Use of a simple,
inexpensive pressure sensor to measure hydrostatic resin pressure during
processing of composite laminates[J]. Polymer Composites,1999,20(4): 581-
593.

[5] s, skt A BEPRIE R TR AR IR )
LMK RS (1], FAMRFR 2007, 24(2): 23-27.

GU Yizhuo, ZHANG Zuoguang, LI Min. Resin pressure measuring
system for hot pressing process of composites[J]. Acta Materiae Compositae
Sinica, 2007, 24(2): 23-27.

[6] VR, TRl e, ik, 45 . PURHET 24T AR
Seid PSR WESE (). A AREAR L 2013, 30(5):74-78.

XIN Chaobo, XU Jifeng, GU Yizhuo, et al. Experimental study on
the applicability of resin pressure measuring system during autoclave
process[J]. Acta Materiae Compositae Sinica, 2013, 30(5): 74-78.

[71 XIN CB, LIM, GU Y Z, et al. Study on the resin flow and fiber
compaction of tapered composite laminates during autoclave processing|J].
Journal of Reinforced Plastics and Composites, 2011, 30(16): 1399—-1411.

[8] GU Y Z, XIN C B, LI M, et al. Resin pressure anf resin flow
inside tapered laminates during zero-bleeding and bleeding process[J].
Journal of Reinforced Plastics and Composites, 2012, 31(4): 205-211.

[9] #MNIL, 28, ks | &5 . PURRETWE T ARG IR 1 1E Lk
DA S AR R [, 2 AR REE4R 2010, 27(4) :94-99.

SUN Kai, LI Min, GU Yizhuo, et al. Study on resin pressure evolution
and void formation during autoclave zero—bleeding process[J]. Acta
Materiae Compositae Sinica, 2010, 27(4): 94-99.

[10] GUTOWSKI T G, MORIGAKI T C. The consolidation of
laminate composites[J]. Journal of Composite Materials, 1987, 21(2): 173—
188.

[11] DAVE R, KARDOS J L, DUDUKOVIC M P. A model for
resin flow during composite processing: Part]l—general mathematical
development[J]. Polymer Composites, 1987, 8(1): 29-38.

[12] DAVE R. A unified approach to modeling resin flow during
composite processing[J]. Journal of Composite Materials, 1990, 24(1): 22—
41.

[13] ZB3, skt Wik 55 . PUE T ZSH0 B m 44
BUER B IR M (1] 5 FEAH 2006, 23(1) :12-16.

GONG Ying, ZHANG Zuoguang, GU Yizhuo, et al. Effects of
hot pressing process on fiber compaction of unidirectional composite

laminates[J]. Acta Materiae Compositae Sinica, 2006, 23(1): 12-16.

(vigm )
2016 4555 23724 W] - B hiERA 91



