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Curing Deformation Analysis of Large Thin — Walled Curved Composite
Parts Based on Path — Dependent Constitutive Model
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(1 College of Mechanical and Electronic Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016)
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Abstract  The large thin—wall curved surface composite parts are mostly formed by autoclave process, which
will cause deformation in the curing process and demoulding process, resulting in deformation out—of-tolerance and
assembly difficulty. In order to solve this problem, this paper firstly used the path—dependent constitutive model to
analyze the curing process, then carried on the autoclave molding test to verify the theoretical analysis results, and
finally used the reverse compensation method to correct the mold surface according to the theoretical analysis results.
The simulation results show that the maximum displacement and minimum displacement of a large thin—wall surface
composite parts after forming are 11. 121mm and 0. 171mm, respectively, which occur at the corner points of the
short side and the corner points near the short side of the symmetry axis. The residual stress of the parts is larger on
the two sides and the short side of the larger deformation, which is about 7MPa different from the long side of the
smaller deformation. The simulation results are in good agreement with the experimental results, and the average
curing deformation error is 8. 6%. The maximum curing deformation of the part was reduced by 70. 8% when the
compensated mold was used for curing deformation simulation again.
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Fig. 1  An aerospace composite material part
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Fig.2  Flow chart of numerical calculation on curing deformation
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Fig. 3 Mesh division of parts and dies

P AL A E AR A A AR B R AN R 1 A
R 2PVETR - J1 EAOC R B P R 3PV R R
B T Z A 4 R

F1 YERMEESH
Tab.1 Material physical properties

TR B Bk s ARV (m-K)!
/kg-m™ /kgem™ 11 (kg-K)™! NG| o]
1580 1300 946.36 4.65 0.45
x2 BEUMNFESH
Tab.2 Curing kinetic parameters
A10°%s™! E/KJ +mol™ m n H/J- g
1.7 63.4 0.9 2.1 483

®3 R-NEFWHEXNFERRM RS

Tab.3 Material properties for thermomechanical analysis

HVERE SRR VIR, LMk RE sl
IMPa /MPa ) noec B34
E,, G, Vs et w Eo
k,, E22 Gy Glz 23 1)12 l1}11 2[: 1 2<:,
- 2 13 13 €33 £33
13200 165 41.6 443 09820346 O 0 0 -0.048
13500 6500 3270 4900 0.45 0.3 0 326 0 0

FHIMEIT.Z  hitp://www.yhelgy.com 20224 %564



165

g/ C

20

0 5.6 9.6 15.85
NV

K4 [T 2k
Fig. 4 Curing curve

2.3 REHZE
K IR E T2 R A B R SE R 3 000
mmx2 175 mmx950 mm, #4 8}k Q235 84, il 1o #
A 000 e A A ) 30 %) e R A, LAk YL R Y
TG $E (0 S5 A T B A B TR B R 1 A
H—5, IR DA R i . R s DL
T %R (2545) °C/h FF IR FHE , 28 (165+5) CLR L 4
hs DA L3 2R <20 °C/h [ 3R 2 60°CHT =L, Bl [
IR AR <40°CR I BE . AR THR SRR P BEN 2
SN 200°C,
3 HRE5WR
3.1 KEEFEEHESAMREGELTRS
WA HE B F O R AR R T2 b
S, N 1~7 o7 AL A SRR ARl S TR,
PR IR R B A J5 A TR 3 O o BUE B 5 i 5
W2k WA KA e KiR 2 17. 4%, TR 8. 6%,
ELRAE BT LI LU 6 s

X

o

FlS D i oA
Fig. 5 Distribution of measurement points
TE 3 A7 B AL PN R 22 3K, — 5 T, 7Ei g
P, PR ] Hh T i 1 S04 157 AR B4 B0
3 BUSAL i AR D A IR S AR ) R
PR TR WL 5 — T, BT SRR O B
FHAE T2 htp://www.yhelgy.com  20224F 45 631

PN X A A A Sy 8 T U, 5 S BRI 7 S R
U BE A7 A i 22 , 1 — P2 W TURRH B T~ PR E
FUERASIEE 2 o AN, AR SO R AT B A BT I R
2 SR JEE XA R S R TR RE (4 82 0, i AR DA
L7 A Tl 22 5 X 3R WA A XX T T BEA T TR A B B
IE, BB SE B AUE W 78

——
12 | b

[4] 4k 2 JE /mm

UK
Ko i B RS IERAs RS 1L

Fig. 6 Comparison of simulation results and test results
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Fig.7 Displacement cloud image after demoulding
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Fig. 8 Composite parts bounce back after forming
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