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Characterization of Non-uniform Residual Stresses between Layers in
Carbon Fiber Composite Laminates Based on Layer by the
Incremental Hole-drilling Method

LIN De-zhi', ZHAO Yue-ging', CHEN Hui', ZHAO Jia-ye’, XI Shang-bin**
(1. Composite Materials Center, Shanghai Aircraft Manufacturing Co. , Ltd. , Shanghai 201324, China;
2. Laboratory of Flexible Electronics Technology, Tsinghua University, Jiaxing 314006, China)

[ Abstract] The mechanical properties of carbon fiber reinforced polymer (CFRP) composites are significantly impacted by residual
stresses, which can even induce material cracking. Consequently, the accurate measurement of interlayer non-uniform residual stresses
in CFRP laminates is of paramount importance for improving their manufacturing processes. The incremental hole-drilling method was
employed to measure the interlayer non-uniform residual stresses in CFRP laminates. Finite element simulation was used to calculate
the standard coefficient matrix between the released residual stresses and strains released in each layer. Coefficient matrix in
conjunction with the measured strains was utilized to compute the residual stresses within each layer of the CKFRP. The results indicate
that the CFRP laminates exhibit an overall stress distribution characterized by compressive stresses externally and tensile stresses
internally along the thickness direction. Furthermore, the measurement variance of residual stresses increases with the increase in
drilling depth, and the interlayer residual stress values and their non-uniformity are higher in the layers closer to the center of the plate.
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Table 1 Setting of drilling step length and incremental step

number for A/B surface of composite laminates

AT (4 0. 194 mm)/ B 1 (#+4 0. 226 mm)/

Fe5

mm mm
0 0 0
1 0.322 4 0.354 4
2 0.516 4 0.580 4
3 0.710 4 0. 806 4
4 0.904 4 1.032 4
5 1.098 4 1.258 4
6 1.292 4 1.484 4
7 1.486 4 —
8 1. 680 4 —

#&2 AIB7-I#% A-1 A2 A-3.B-1.B2.B3AH
Table 2 Stress of A1B7 II plates A-1, A-2, A-3,

B-1, B2, B-3

Eistn )R 2R B3R a2
o, 58 - 184 -603 - 147

ALEH o, - 128 613 729 864
o, 31 -121 -123 -319
o, 75 -165 -342 -678

A2 RS o, -132 67 595 885
o, 330 - 108 - 106 -549

o, -38 20 700 340
A3 N oy, 649 721 —-294 -109
o, - 100 -162 -153 -108
o, 59 -185 - 604 - 148

B-1 A o, - 128 613 729 864
o, 31 -121 -123 -319

o, -53 55 90 509
B2 o, 88 2 -198 272
o, - 140 -110 -375 -862

o, 38 -22 162 698
B3Nt o, 65 99 -439 -277
o, - 100 -287 -580 -193
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