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V-shaped composite parts
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Abstract:  In order to study the effe

0¥ mold factors on fiber volume content, resin-rich and g distortions of
@

composite, a series of V-sha 9QY9611 composite parts were cured through aut rocess and the fiber

volume, resin-rich area a ¢ element analysis (FEA)

volume content and resin-rich

-in were measured and studied. A three- d1men%!on§

model considering the effect'8f thermal load, resin cure shrinkage, mold contact,

was built to simulate the spring-in of V-shaped parts, and the effect
spring-in was quantitatively analyzed. The results show that there will 0 of fiber volume content gradient and
2.2 mm thick resin-rich area in V-shaped parts fabricated on fe and the value reduce to 6. 8% and 1. 2 mm

li

for larger corner radius mold, meanwhile, mold materials hav le~effect on fiber volume content and resin-rich ar-

ea. The spring-in of test specimens fabricated on female crease by 21.0% than male mold, and decrease by
9. 6% with larger corner radius female mold. The fe d mainly affects spring-in through fiber volume content
and resin-rich area. The simulation results show that\spring-in are proportional to fiber volume content gradient and
thickness of resin-rich area. 10% of fiber volume content gradient will lead to 13.5% of spring-in difference and
3.0 mm thick resin-rich area will result in 45. 8% of spring-in difference. The comparison between simulation re-
sults and experiment verifies the model.
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Tabl erial properties of carbon fiber T700

and resin QY9611
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45 2 A0 SR T2 (0
Stefaniak ZEM* I Bapanapalli 254 L B p‘% G;f/GPa

a
(\fa\%\f?bcr('r700)
Edit/GPa 235
14
6.9
5.0
Vigf 0.2
V23 0.4
ari/(pe’C 1) —0.4
azis ast/(peC™H) 18
Resin (QY9611)
E./GPa 2.1
Yy 0. 37
ar/(pesC 1) 61
Notes: Ei;;—Longitudinal elastic modulus of fiber; Ez»— Trans-

verse elastic modulus of fiber; Gizr—Longitudinal shear modulus of
fiber; Gasr— Transverse shear modulus of fiber; visr— Longitudinal
Poisson’s ratio of fiber; vo3;— Transverse Poisson’s ratio of fiber;
a11— Longitudinal coefficient of thermal expansion (CTE) of fiber;
asis azi— Transverse CTE of fiber; E,—Elastic modulus of resin;
v;—Poisson’s ratio of resin; a,— CTE of resin.
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Table 2 Experimeg@? focusing on spring-in of prepreg-made T700/QY96 @ shaped specimens
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Parts 1D f:tljrlal (&}n\@ Thickness/mm Radius/mm xle °§§ Mold style S)i:;tern:f
A-1 Steel \ 7/90/ 45/0 035 3 8 Female 3
A-2 Steel % [45/90/—45/07]ss 3 8 @f Male 3
B1 [45/90/—45/0Tss 3 11 @O 60 Female 3
B-2 @ [45/90/—45/0]ss 3 11 @ 60 Male 3
C-1 @ nvar [45/90/—45/013s 3 8 @ 60 Female 3
C-2 Invar [45/90/—45/0]3s 3 (\/\ 60 Male 3
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Fig. 2 Thickness variation of different sections

in the V-shaped specimen
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Table 3 Deformation of T700/QY9611 flat plate models

with different thickness and coefficient of thermal expansion

(CTE) of shear layer

Thickness/mm CTE/(pe+C~1) 0.01 0.02 0.03
9.5 1. 871 3.101 3.968
10.5 2. 386 3.958 5.006
Warpage/mm
11.8 3.057 5.073 6.493
15.7 5.068 8.417 10. 770

x4 FUYENHBEN
Table 4 Material property of shear layer

Tool Thickness/ CTE/ Young’s modulus Poisson’s
material mm (pe*C~ 1) E/GPa ratio v
Steel 0.02 11. 8 200 0.3

Invar 0 — — —

£S5 T700/QY611 AR~ F 45 iy El 1k I 2

@Table 5 Process-induced distortions of different
@ size T700/QY9611 laminate

G

Warpage/ mm

Dimension/mm - - - Error/ %
Experiment Simulation

250X 25X 1 5.1 5.073 1. 46

125X 25X1 1.2 1. 300 8. 33

250X 25X2 1.2 1. 243 3.58
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