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Application of the Birefringent-Coating Method to CFRP

by Shinichi KOSHIDE

ABSTRACT

The objective of this investigation is to analyze the stress and strain distributions
along the boundary in structural parts of the composites, such as carbon-fiber reinforced
plastics (CFRP), by the birefringent-coating method. However, there were some problems
in using the method for strain analysis of CFRP, because appearances and mechanical
properties of the materials were not suitable for such application.

In this investigation, the problems are solved by introducing the following experi-
mental processes.

(1) A process for viewing the isochromatic fringe patterns using the reflected light
from the adhesive layer with which aluminium powder has been mixed.

(2) A process for analysis of strain components by substituting the relation between
the fringe order of the isochromatic fringe patterns and principal strain differences
into the Poisson’s ratio for an anisotropic material.

These processes were applied to strips of CFRP with a circular hole under tension
as an experimental demonstration. In this paper, the adequancy of the method and the
peculiarity of strain distributions in the strips of CFRP are discussed with reference
to the results of the experiment. Strain values at a point on the circular hole boundary
in the strip which were analyzed by the method and those which were analyzed by
the moiré method almost agree. The agreement corrobrates that either method is ade-
quate for strain analysis. Strain distributions around the hole of the CFRP strips differ
from these of isotropic materials such as metals. These distributions are also greatly
influenced by the fiber-orientation-to-load-direction.

Stresses in the structural parts of composites can be determined from the strain
distributions described above and the stress-strain relation for an anisotropic material.
Stress distributions in the strip of CFRP with a circular hole are also shown as an ex-
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ample. The appropriate results of the example are confirmed by agreement with the

theoretical solutions for a composite plate with a circular hole under tension.

Moreover, the birefringent-coating method applies to stress and strain analysis

for CFRP joint specimens under pin load. Analysis of the joint is very important to
subassemblies of aircraft made of composites, because the bolted joint subjected to
pin load is used to connect the subassemblies. The experimental results for the joint

make it clear that the stress and strain distributions in composites under partial load

are also different from those of isotropic materials. Fiber-orientation-to-pin-load-

direction influences the stress and strain distributions in the CFRP joint.
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0°,/90° load 15.69 kN stress 247.7 NPa
BWE & N 6 C°) 1 /7 Coe v (%)
1 6 5.9 1.062 1.082
2 6 22.2 1.017 1.532
3 5 34.9 1.067 0.89¢
4 4 £2.5 1.080 0.704
5 3 £7.5 1.088 0.525
6 2 52.2 1.088 0.350
7 1 80.1 1.087 0.175
8 0 83.8 - 0.000
9 1 §8.5 1.060 0.182
10 2 74.2 1.045 0.377
11 2 111.2 1.035 0.400
12 1 116.7 1.051 0.188
13 0 123.1 - 0.000
14 1 127.8 1.0689 0.178
15 2 132.8 1.085 0.351
18 3 136.86 1.088 0.525
17 4 142.5 1.088 0.700
18 5 147.2 1.081 0.880
19 6 182.8 1.073 0.992
20 8 210.3 1.015 1.578
21 5 216.2 1.078 0.821
22 4 220.4 1.084 0.6847
23 3 226 .4 1.088 0.482
24 2 233.6 1.088 0.321
25 1 237.8 1.085 0.1861
26 0 242. 1 - 0.000
27 1 246, 1 1.064 0.1869
28 2 251 .4 1.050 0.355
29 2 290.2 1.030 0.99¢
30 1 295.8 1.055 0.174
31 0 303.2 - 0.000
32 1 309.2 1.074 0.1865
33 2 313.7 1.083 0.325
34 3 318.1 1.080 0.482
35 4 325.0 1.080 0.643
38 5 331.3 1.084 0.810
T

This document is provided by JAXA.



10

MEFHBNARFERE 10855

% 3(b) BAFRABOER S [ OT S OB H

+ 4 5 ° load 86.87 kN stress 102.8 KPa
B E g N » 6 C°) 1 / Co e v (%)
1 2 0.7 1.014 0.55%
2 3 7.0 1.017 0.742
3 4 12.5 1.02686 0.862
4 5 18.8 1.041 0.968
5 6 26.0 1.058 1.085
6 7 30.5 1.068 1.251
7 7 61.2 1.064 1.2862
8 6 67.7 1.048 1.123
9 5 72.2 1.038 0.982
10 4 77.5 1.026 0.862
11 3 82.9 1.018 0.740
12 2 §8.86 1.014 0.553
13 1 $6.8 1.017 0.428
14 0 102.9 - 0.000
15 1 110.2 1.044 - 0.181
16 2 115.0 1.058 - 0.367
17 2 162.0 1.0863 - 0.362
18 1 160.0 1.043 - 0.181
18 0 166.1 - 0.000
20 1 173.3 1.018 0.2439
21 2 178.8 1.014 0.553
22 3 185.4 1.016 c.773
23 4 186.8 1.035 0.788
24 5 188.0 1.038 0.8789
25 6 203 .4 1.052 1.113
28 7 208.3 1.066 1.258
27 7 238.7 1.068 1.258
28 6 254.5 1.048 1.121
29 5 253.1 1.036 0.99¢
30 4 257.0 1.027 0.853
31 3 262.5 1.021 0.695
32 2 268.0 1.014 0.554
33 1 211.7 1.018 0.243
34 0 284.5 - 0.000
35 1 281.0 1.045 - 0.188
38 2 297.86 1.062 - 0.362
37 2 333.7 1.058 - 0.364
38 1 337.0 1.061 - 0.186
39 0 341.1 - 0.000
40 1 345.8 1.043 0.181
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#5(a) ©rABOERAMOT SO
0°,/90° pin load 8.83 kN bearing stress oo 266.4 MPa
ME K Ny 6 (°) a cr (MPa) o ct (KPa) 1 /Co ev (%)
1 1 39.3 0 2.68 1.075 0.208
2 0 51.4 0 0 - 0
3 1 2.0 0 - 2.68 1.045 - 0.202
4 1 116.5 0 - 2.68 1.058 - 0.204
5 0 131.3 0 0 - 0
6 1 148.7 0 2.68 1.080 0.205
7 2 177.2 0 5.38 1.014 0.382
8 3 196.6 1.78 6.23 1.033 0.527
9 4 210.2 3.08 7.62 1.083 0.682
10 4 233.4 4.84 5.88 1.072 0.621
11 3 240.5 4.85 2.71 1.0860 0.394
12 2 255.% 5.86 - 0.51 1.027 0.161
13 2 264.8 6.07 - 0.71 1.015 0.148
14 2 281.86 5.97 - 0.81 1.024 0.156
15 2 296.5 5.44 - 0.08 1.054 0.181
16 3 308.4 4.92 3.08 1.072 0.414
17 4 318.3 4.34 6.38 1.077 0.6486
18 4 320.5 3.83 6.89 1.074 0.666
19 3 336.0 2.96 5.086 1.049 0.487
20 2 378.0 0.36 5.00 1.015 0.378
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£5(b) EYABOEGHEOT HOBHH
+ 4 ° pin load 8.83 kN ‘bearing stress o 269.2 MNPa
BT & Ny 6 (°) o cr (MPa) o ct (MPa) 1 /Co e (%)
1 2 9.5 12.48 17.85 1.022 - 0.108
2 2 12.6 10.740 16.05 1.033 - 0.3871
3 3 20.5 8.189 16.20 1.048 0.268
4 3 58.4 0 8§.01 1.064 0.617
5 2 71.6 0 5.35 1.038 0.401
6 1 90.3 0 2.68 1.020 0.182
7 0 889.4 0 0 - ]
8 1 114.5 0 - 2.6¢ 1.047 - 0.202
9 1 158.0 0 - 2.64 1.048 - 0.203
10 0 177.58 0 0 - 0
11 1 190.4 0 2.68 1.018 0.1886
12 2 200.3 0 5.35 1.038 0.402
13 3 212.3 0 8.01 1.085 0.818
14 3 2486.5 .07 17.09 1.041 0.228
15 2 253.8 11.75 17.11 1.025 0.080
16 2 2589.5 12.84 18.20 1.020 - 0.123
17 2 283.8 18.32 23.68 1.024 - 0.345
18 1 282.7 20.22 22.90 1.045 - 0.8633
18 2 288.9 20.68 26.02 1.051 - 0.450
20 3 303.8 21.2¢4 29.25 1.082 - 0.27%
21 4 308.0 21.78 32.50 1.072 - 0.085%
22 4 323.7 21.89 32.861 1.074 - 0.098
23 3 330.7 21.62 29.863 1.068 - 0.283
24 2 336.0 21.08 26.45 1.087 - 0.472
25 1 338.8 20.24 22.892 1.048 - 0.634
28 2 348.86 18.82 24.18 1.027 - 0.367
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