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Numerical Simulation and Verification of Curing Deformation for Stringer Shaped
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[ABSTRACT]
composite curing deformation was established. This model is used to simulate the U-shaped and V-shaped typical parts and

Based on the micromechanical model and resin shrinkage theory, a numerical simulation model of

the variable curvature stringer of the canard. During the curing process, the maximum deformation simulation results of
the U-shaped and V-shaped typical parts were 11.413mm and 1.908mm, and the maximum deformation results measured
by the test were 9.148mm and 1.802mm, respectively. Tracking and monitoring the stringer of the canard, and based on
the four locating holes of the parts, the accuracy of the curing deformation value between numerical simulation and actual
production is 95.6%, which fully verified the accuracy of the numerical simulation model. Using the deformation result, the
stringer tooling compensation surface is established, and the error between the simulation profile and the design profile is
controlled within 4%, which meets the requirements of engineering application.
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Fig.1 Schematic diagram of resin curing shrinkage process
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Table 1 Curing deformation of V-shaped reference specimen

N R AR/ () [mIFSAREE /()
1-A 58.43 1.57
1-B 58.37 1.63
1-C 58.43 1.57
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Fig.4 Boundary constraints for V- shaped structure
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Fig.5 Simulated deformation cloud map of V-shaped structure
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Fig.6 Simulation and measured results of V—shaped structure
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Table 2 Material parameters of QY9611

I E—
Als™ | AE/ (K- mol ) | n | H/ (3 g)
1.15x 107 | 83.60 | 1.909 | 300.32
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Fig.8 Indicates location of U-shaped structure
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Fig.9 Comparison between simulation and measurement results of
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Table 4 Specific heat capacity, thermal conductivity, thermal expansion coefficient of ZT7H/QY9611 composites

WE M CO g KYH BHREHAL/(W-m'- K

90 1.17 7.2503
120 1.22 7.4639
150 1.29 7.7712
180 1.35 8.0251
200 1.39 8.1752

SHEF/(W-m - K

PR REL 0/ x 10°K | BUEZIK R 0,/ x 10°K
0.7379 2.8 29.4
0.7310 3.0 30.3
0.7323 2.9 312
0.7450 2.1 32.4
0.7452 1.6 33.6
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Fig.10 Structure and locating holes of stringers
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