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Abstract: Composite structures have been widely used in the field of aerospace. In order to study the mechanical

properties of composites in hygrothermal environments, the pull-through tests of a type of polyimide composite

laminates are carried out under three test environments: cold temperature dry (CTD) , room temperature dry

(RTD) and elevated temperature wet (ETW). The numerical simulation analysis of the RTD test process is car-

ried out. The pull-through strength and failure mode of two typical laminates are obtained by experiment, and the

failure load is predicted by simulation analysis. The results show that the type of polyimide composites have excel-

lent thermal stability. The pull-through strength of the composites under CTD condition is 8.1%~9.0% higher

than that under RTD condition, and the pull-through strength of the composites under ETW condition is equivalent
to that under RTD condition. The pull-through strength of (30/60/10) ply is slightly higher than (40/50/10) ply.

Key words: polyimide composites; mechanical joint; pull-through strength; hygrothermal environments; numeri-

cal simulation
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Table 1 Mechanical properties of the composite laminate
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Fig.1 Dimension diagram of pull-through specimen
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Table 2 Dimension of pull-through specimen

ZH Bl ZH il
¢/mm 5 a/mm 72
D/mm 10 b/mm 36
t/mm 2.5 L/mm 16
H/mm 2.11 //mm 6
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Table 3 Test matrix of pull-through experiment
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Fig.2 Schematic diagram of pull-through test
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Fig.5 Load-displacement curves of pull-through test
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Fig. 6 Failure mode of pull-through test
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Table 4 Experimental results of the pull-through
resistance test of composite laminates

LR sgil] P,../kN oo/ MPa BBERE/ %
CTD-A 3.188 40.59 2.99
CTD-B 3.334 42.45 4.05
RTD-A 2.949 37.55 2.88
RTD-B 3.058 38. 94 4.36
ETW-A 2.933 37.34 3.55
ETW-B 3.015 38.39 4.73
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Table 5 Energy parameters of degradation model*"
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Table 6  Comparison of pull off strength simulation
results with test results

6 25 Y .../ MPa orpn/ MPa R/ %
RTD-A 37.55 42.65 13.6
RTD-B 38.94 42.91 10.2
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