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Influence of Molding Process Parameters on the Surface Accuracy of Thin—

Walled Curved Composite Laminates
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Abstract In order to obtain the suitable forming process control method for composite laminates with high
surface accuracy, this paper aim at typical diameter of @500 mm curved composite laminates, six groups of molding
comparative experiments with different process parameters were designed, and the effects of edge effect, laying
method, curing temperature and other parameters on the curing deformation of laminates were analyzed. The results
show that increasing carbon fiber modulus and reducing lamina thicknesses of prepreg can improve the surface
accuracy of composite laminates. The size of placed prepreg over 5% of diameter can reduce the influence of the edge
effect. Automatic fiber placement has high consistency of laying quality, while composite laminates of high surface
accuracy can be manufactured by manual layup, but the probability is smaller. Reducing curing temperature and
cooling rate of composites can raise the surface precision of composite laminates. The experimental results have a

certain guiding significance for high—precision molding of composite materials.
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Tab.1 Curved composite laminates with different design parameters

TR R

EALEE FREEE mEPY B RMS

RAR g TERT I or g O WPRIBR
1 T700S/603 0.15 [22.5/90/-45/-22.5/67.5/-67.5/0/45] SRS ZANEE. < 1) 180 <60 1.31 0.2518
2 T700S/603 0.15 [22.5/90/-45/-22.5/67.5/-67.5/0/45] Halfliez ke 180 <40 0.660  0.1308
3 T7005/603 0.15 [22.5/90/-45/-22.5/67.5/-67.5/0/45]; Hahflizz AL 180 <20 0.598  0.1122
4 T700S/603 0.15 [22.5/90/-45/-22.5/67.5/-67.5/0/45] FIHZ  BgH5F 180 <20 0.23 0.0613
5 T7008/603 0.15 [22.5/90/-45/-22.5/67.5/-67.5/0/45] FTHIZE  HZ%Hhst 180 <20 0.38 0.0706
6 T700S/602 0.15 [22.5/90/-45/-22.5/67.5/-67.5/0/45]; T THIZE &bt 130 <20 0219  0.0383
7 T700S/606 0.15 [22.5/90/-45/-22.5/67.5/-67.5/0/45] T THIZE %55 90 <20 0.17 0.0339
8 T7008/603 0.15 [22.5/90/-45/-22.5/67.5/-67.5/0/45; FIHIZE Bt 180 <60 0.41 0.0803
9 T7008/606 0.15 [22.5/90/-45/-22.5/67.5/-67.5/0/45] Hahdlizz AT 90 <20 0.091 0.0175
10 T700S/602 0.075  [22.5/90/-45/-22.5/67.5/-67.5/0/45], FIHZE D% 130 <20 0.095 0.0275
11 T700S/602 0.075  [22.5/90/-45/-22.5/67.5/-67.5/0/45], FIHIZE g5t 110 <20 0.08 0.0162
12 M40J/602 0.15 [22.5/90/-45/-22.5/67.5/-67.5/0/45; FILHZE At 130 <20 0.16 0.0504
13 M40J/602 0.075  [22.5/90/-45/-22.5/67.5/-67.5/0/45], FIHZE RSt 130 <20 0.0606  0.0139
14 M40J/602 0.075  [22.5/90/-45/-22.5/67.5/-67.5/0/45],, Azhfizz g5t 130 <20 0.0395  0.0074
15 M40J/602 0.075  [22.5/90/-45/-22.5/67.5/-67.5/0/45], FTHZE %45 110 <20  0.034  0.0041
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Fig. 3 Summary of surface data of fifteen manufactured

composite laminates

2.2 MEMBREE
X T FRE LS A J2 A RO U, eI TR A
JZJRERE DU J2 T A 7 6 o s 2 e, DADRAIE

BREAAE . R E ORI R 1E
B L o0 e b A HOR B A ) B AR B
A FORMHZ AT B

R 1V AE 3 PR, bl Bl B2 R R 0. 15
mm FEAA 0. 075 mm , 5 )2 B 250 16 ZH 0 32
2, 2B ESIETE PV AR S/ o Tt et IS B ek
o, VR BOME R 2SR )20 EHE . S
SRR IG I, N TR G AR A it AR BN S A
FA B, AT B e 20U el & L i
PEm 2 A RAIE TG R

FR A 25 1 [6) 0 2 B A R, 26 MR X Bl
JEIGE s, T AR A W EE R %K B =0, 1E 4625 i 1
FERBD, N

=fi§(6”’)k[k3 - (k- 1)] (1)

KR Z 4B 075 0 60 TE DU LT B Vi
=12 A) AT

Vi =§3ic0520k[k3 - (k- 1)] 2)

2*D_§3i osd0,[K - (k= 1)'] (3)
Vi = :ismze [F == 1] )
V., = iism40 [k - (-1)] )



SRR E WAL ILTI TV, R 5 R A s A
A0 B 9 E SR BA R (AR T[4 - (k= 1)

SR B 5% B)Z 75 b 1R AR, 225 DRI 7+, K
FC5 2 A B 0 IE 52 s SR B A 2R AL X U R &
B 25 il M RE AR RO S BJE DU B IR A %
9o 2425 T R £ T UL AR TLART PR 5B/ e, v,
7 RS 2208 N IR 224V, BB FIHE T f /N
KARXUE

Vip+Vo +Vs 4V, —min (6)

WIS J2 G B M 5 1o [ P 25 AR A T R 15 2
A M s MRS o A SRS BRI e B R

WHRAR(6), @1t Matlab B h g #3154 v, BOF-
T3 FI, A5 F) 4 A4 2 0 X LGV, B ESE 5 F. H
222 0] WL, AR LR R AH R4l 2 00 1) V), R
— BB, Vo, BT R S R Y A S, S5 ARG
Koo SRR TR R 12 AR Vo, B A
NI LS T WIS 53 A BRI T 25 B T T
B o AT UL FRAR TR 1 B2 R R i v PR A
JEL TR 2 G RO THA B A R 1

®2 ABEFHRIRFF ISR HIE i N E R ERNK LA EF 2 FA

Tab.2 Sum of squares of the regularization geometric factor of bending stiffness with four stacking sequences

AW Bkt I 22 L BE mm il iihe SV’
T700S/602 0.15 [22.5/90/—45/—22.5/67.5/—67.5/0/45]S 3.767x1072
2 T700S/602 0.075 [22.5/90/—45/—22.5/67.5/—67.5/0/45]25 6.235x107°
3 M40J/602 0.15 [22.5/90/—45/—22.5/67.5/—67.5/0/45]S 3.767x1072
4 M40J/602 0.075 [22.5/90/—45/—22.5/67.5/—67.5/0/45]5 6.235%1073
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