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g Experimental and analytic anal%@ of the structure parameters
(0}
on process-induced dis of V-shaped composite parts @9@
WANG Qian. G ong” » WANG Renyu. JIANG Ting @O

(School of Aeronautic Science\a <ngineering, Beihang University, Beijing 100191, €

A :
@ence of structure parameters on process-induced diS of V-shaped com-
9)

were performed to analysis the effect of struc ameters including part

Abstract:  In order to study
posite parts, a series of
thickness, part radius. partangle and lay-up. Based on the shear-lag theory and be g theory, an analytical model

considering the effect of structure parameters was developed to predict the of V-shaped composite parts and

the influence mechanism of different structure parameters on spring-in

e model was analyzed. The results
show that spring-in decreases with the increase of the thickness aximum variation of spring-in angle is a-
proportion relationship whose value is about 0. 014

bout 30% when thickness is between 1 mm and 3 mm. There s
&ingfin angles which result from different radius are

between spring-in angles and part angle. The differences

s
less than 5%. The test pieces with quasi-isotropic la ﬁoit the biggest spring-in angles. The spring-in angles
of 0° lay-up pieces decrease by 23.5% and 90° pi ost have no spring-in. Analysis results show that the influ-
ence of thickness on spring-in should consider its effect on bending stiffness and shear deformation; Mechanical
properties and Poisson’s effect differences caused by lay-up are the main reasons for spring-in diversity; The maxi-
mum distortions of flange is 0. 20°which has greatly influences on spring-in. The comparison between simulation re-
sults and experiment verifies the accuracy of analytical model.
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Table 1 Experiment matrix focusing on spring-i 00/QY9611 composite V-shaped parts

Part 1D Material Lay-up Thickness/m@ééius/mm Angle/ (%) Mold style  Number of specimens
Al T700/QY9611  [45/90/—45/07, 1 N 8 60 Fe-male 5
A-2 T700/QY9611 [45/90/—45/0], 1 @ 8 60 Male 5
B-1 T700/QY9611 [45/90/—45/005 2 8 60 Fe-male 5
B-2 T700/QY9611 [45/90/—45/00s 2 8 60 Male 5
C-1 T700/QY9611 [45/90/—45/0]s 3 8 60 Fe-male 5
C-2 T700/QY9611 [45/90/—45/0]3 3 8 60 Male 5
D-1 T700/QY9611 [45/90/—45/0]s 3 11 60 Fe-male 5
D-2 T700/QY9611 [45/90/—45/0]s 3 11 60 Male 5
E-1 T700/QY9611 [45/90/—45/0]ss 3 8 90 Fe-male 5
E-2 T700/QY9611 [45/90/—45/00s 3 8 90 Male 5
F-1 T700/QY9611 [0 3 8 60 Fe-male 4
F-2 T700/QY9611 [0]24 3 8 60 Male 4
G-1 T700/QY9611 [90]24 3 8 60 Fe-male 4
G-2 T700/QY9611  [90]s 3 8 60 Male 4
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(a) Female mold

(b) Male mold
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Fig. 4 T700/QY9611 composite V-shaped parts
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Table 2 Experimental results of spring-in of T700/QY9611 composite V-shaped parts

Part 1D Material Lay-up Thickness/mm Radius/mm  Angle/(") Mold style A/ san/ ()
A-1 T700/QY9611 [45/90/—45/0], 1 8 60 Fe-male 2.15 0.21
A-2 T700/QY9611 [45/90/—45/0] 1 8 60 Male 2.22 0.13
B-1 T700/QY9611 [45/90/—45/01s 2 8 60 Fe-male 1.81 0.12
B-2 T700/QY9611 [45/90/—45/0], 2 8 60 Male 1. 84 0.09
C-1 T700/QY9611 [45/90/—45/0]s, 3 8 60 Fe-male 1.73 0. 04
-2 T700/QY9611  [45/90/—45/0]5. 3 8@ 60 Male 1.81 0. 06
D-1 T700/QY9611 [45/90/—45/0]3, 3 @ 60 Fe-male 1. 68 0. 10
D-2 T700/QY9611 [45/90/—45/0]s 3 @Q 60 Male 1.73 0.09
E-1 T700/QY9611 [45/90/—45/0]s, 3 é 8 90 Fe-male 1.21 0.12
E-2 T700/QY9611 [45/90/—45/0]3 3 @ 8 90 Male 1.32 0. 10
F-1 T700/QY9611 [0]24 3 @O 8 60 Fe-male 1.32 0.07
F-2 T700/QY9611 [0 8 60 Male 1. 37 0. 08
G-1 T700/QY9611 90724 @7 8 60 Fe-male 0.09 0. 05
G-2 T700/QY9611 [90]21r\ @ 3 8 60 Male 0.23 0.17

Notes: Af—Spring-in angle of T7
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E,/GPa @ 10. 21
E;/GPa @ 10. 21

N
:@Q@@ o

7Pa 6. 11
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Notes: *—Assumed; "—Calculated with the transverse isotropic as-
sumption.
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Table 4 Material properties of rubbery T700/QY9611
Elastic parameters Value
E,/GPa 132. 2
E;/GPa 165
E;/GPa 165
viz 0.3
Vi3 0.3
V23 0.95
G1/GPa 44.3
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a/% 0 @
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Table 5 Material properties of T700/QY9611 in the
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Fig. 14 Comparison of predicted results and experimental

results of spring-in of T70®[9611 composite V-shaped parts
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