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Thermal Residual Stresses in Bonded Composite Repair of Aluminum Substrates

WANG Zun, ZENG Jing-cheng, XIAO Jia-yu, JIANG Da-zhi, YANG Fu-biao, WEN Si-wei
(College of Aerospace and Material Engineering, National University of Defense Technology, Changsha, Hunan 410073)

Abstract: Bonded repair technology has been proven an efficient and cost-effective means of repairing cracks, especially in
aircraft aluminum structures. The significant difference in coefficients of thermal expansion between the composite patch and
the aluminum will introduce thermal residual stresses in the structures, which may cause adverse effects on the mechanical
properties. Unidirectional carbon/epoxy patches were used to repair the aerospace aluminum thin plates, LY12CZ, using
single-sided patching technology. The stress free temperature was determined to measure the thermal residual strains in the
patch and the substrate. The results show that the thermal residual strains in the aluminum and the patch are —488ue and
285pe, respectively, for the perfect aluminum substrate, and that crack length has slight effects on the thermal residual strains
for the cracked aluminum substrate. Classical lamination theory and bimetallic strip model were used to predict the thermal
residual stresses in the bonded surfaces. The thermal residual stresses in the patch and the aluminum, calculated by classical
lamination theory, are —79.8 MPa and 50.8 MPa, respectively. Larger stresses are predicted by bimetallic strip model to be
—98.4 MPa and 64.6 MPa, respectively.
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Fig.1 Strain gauge locations on the specimen
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Table 1 Specimens to measure thermal residual strains
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Fig.2 Model to calculate the radius of curvature

NG N VY DA SR

h=a+b 1)
Ko, afib 4B E XRG4 A
FEAEMBERE, IRRR:

a=p,(1—-coso) 2
b=Asing 3)
0=LIp, (4)

Kev, p AHIAERE, 2L 2AF120 5330 %

KE RMEEXEEKERIGIIE. K553,
WA 1 AR 1672 mm,

22 NMABKBEREFRHRNT

B AF2E 100 C AL 3 h Jaisp: g B BRI
W 95.9 Co fESLEER b, HE— PR 2~4
PIBRARFPAE (K 2) -

2 AHHBRKRARE
Table 2 Thermal residual strains in the specimens
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Fig.3 Bimetallic strip model
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