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Numerical Solution of Singular Integral Equations
Using Polynomial Expansion Method

Nao-Aki NODA and Tadatoshi MATSUO

In this paper, the continuously distributed dislocation model method is applied and the crack
problems are formulated as the singular integral equations with Cauchy-type kernel. In the numerical
calculation, the unknown dislocation densities are approximated by the products of the weight
function and Chebyshev polynomials. The accuracy of stress intensity factors obtained by this
method is verified by comparing these values with the exact solution and the reliable numerical
solution obtained by other researchers. The present method is found to give rapidly converging
numerical results not only for internal crack problems but also for edge crack problems.
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Present Boiko- Lobatto- Gauss-
Analysis Karpenko [ Chebyshev | Chebyshev
N/2 [3] Method[2] | Method{2]
2 | 0.90281 0.86412 0.83658 0.94445
3 | 0.85374 0.86428 0.85970 0.83635
4 | 0.86687 0.86379 0.86387 0.83882
5| 0.86168 0.86365 0.86449 0.86289
6 | 0.863M 0.86359 0.86441 0.86381
7 | 0.86296 0.86356 0.86424 0.86528
8 | 0.86318 0.86356 0.86408 0.86282
9 | 0.86328 0.86353 0.86396 0.86503
10 | 0.86325 0.86356 0.86387 0.86283
12 | 0.86334
15 | 0.86348
18 | 0.86351
21 | 0.86352
25 | 0.85353
30 | 0.86353
35 | 0.86354
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£ 2 MRG0 PIEE & FOEKRITALE TR R
a/d=0.5
Present Analysis fujimoto [4]
N2l Fi(A) F1(B) Fr(A) F1(B)
1] 1.089895 1.051646 | 1.094767 1,054415
2 | 1.091654 1.053985 | 1.091304 1.053898
31 1.091332 1.053914 | 1.091304 1.053904
41 1,091305 1.053904 | 1.091304 1.053904
51 1.091304 1.053904 | 1.091304 1.053904
6| 1.091304 1.053904 | 1.091304 1,053904
7] 1.091304 1.053904 | 1.091304 1.053904

81 1.091304 1.053904 | 1.091304 1.053904
9 | 1.091304 1.053904 | 1.091304 1.053904

10 | 1.091304 1.053904 | 1.091304 1.053904

a/d=0.8
Present Analysis Fujimoto [4)

N/2 Fi(A) F(B) F(A) F1(8)
1 1.354188 1.123180 | 1.49185 1.171283
2 | 1.402175 1.146014 | 1.389341 1.145685
3 ] 1.392623 1.146908 | 1.387476 1.146380
4 1 1.388719 1.146573 | 1.387524 1.146416
5| 1.387771 1.146452 | 1.387528 1.146417
6 | 1.387574 1.146424 1.387528 1.146417
7 1 1.387536 1.146418 | 1,387528 1.146417
8 | 1.387529 1.146417 | 1.387528 1.146417
9 | 1.387528 1.146417 | 1.387528 1.146417

10 | 1.387528 1.146417 | 1.387528 1.146417

a/d=0.9
Present Analysis Fujimoto [4]

N/2 Fy(A) F1(B) F(A) Fi(8)
1 1.553727 1.153680 | 2.069667 1.300961
2 | 1.745955 1.198726 | 1.742502 1.202468
3| 1.738335 1.204325 | 1.708220 1.203254
4 | 1.721242 1.204419 | 1.7074517 1.203730
S| 1.712807 1.204100 | 1.707622 1.203791
6 | 1.709469 1.203918 | 1.707653 1.203797
71 1.708266 1.203841 1.707656 1.203797
8 | 1.707855 1.203812 | 1.707656 1.203798
9 [ 1.707720 1.203802 | 1.707656 1.203798

10 | 1.707676 1.203799 | 1.707656 1.203798
M 1.707662 1.203798
12 | 1.707658 1.203798
13 | 1.707656 1.203798
14 | 1.707656 1.203798

a/d=0.99
Present Analysis Fujimoto [4]

N2l Fr(A) F1(8) F1(A) F(B)
3| 3.229821 1.307982 | 4.895297 1.372572
6 | 3.786204 1.328642 | 3.714837 1.328830
9 | 3.756009 1.330088 | 3.626008 1.329372

12 | 3.689253 1.330034 | 3.625948 1.329740
15 | 3.653149 1,.329904 | 3.627061 1.329756
18 | 3.637370 1.329826 | 3.627272 1.329762
21 3.631059 1.329788 | 3.627299 1.329763
24 § 3.628662 1.329773 | 3.627301 1,329763
27 3.627783 1.329764 | 3.627301 1.329763
30 | 3.627469 1.329764 | 3.627301 1.329763
33 | 3.627359 1.329764 | 3.627301 1.329763
36 | 3.627320 1.329763
39 | 3.627308 1.329763
42 | 3.627304 1,329763
45 | 3.627302 1.329763
48 | 3.627301 1.329763
50 | 3.627301 1.329763
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% |sy=1= 0% | ay=1 sin O+ 62 |sx=1 cOS §
o, B, of¥, tB% 1T bR (25) L AR BRI H B,
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Present Boiko [3] Kerpenko
N Analysis (3]
10 1.121853 | 1.12379 1.11801 1.1194
20 1.121537 1.12212 1.12054 1.1209
30 1.121524 1.12182 1.12103 1.113
40 1.121521 1.12167 1.12147 1.1214
50 1.121521 1.12148 1.12121 1.1214
Koiter| 1.121522
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% 4 FEEFEOF DK = O MKTCTIHEARY

Present Analysis H1EMI[6]
0
deg. N Fl F 11 FI F 11
5 | 0.70403 0.36557 | 0.70403 0,36557
10 | 0.70500 0.36455 | 0.70449 0.36455
45° | 15 | 0.70488 0.36446 | 0.70488 0. 36446
20 | 0.70489 0.36448 | 0.70489 0.36447
25 | 0.70490 0.36448 | 0.70490 0.36448

Present Analysis HIEMI[6]

e
10 | 0.46256 0.35388 | 0.46260 0.33590
. | 15| 0.46254 0.33620 | 0.46257 0.33620
30 20 | 0.46252 0.33619 | 0.46254 0.33619
24 | 0.46250 0.33617 | 0.46250 0.33617
30 | 0.46247 0.33616 | 0.46247 0.33616
0 Present Analysis HIEMI[6)

20 | 0.23197 0.22618
25 | 0.23180 0.22616
15°| 30 | 0.23188 0.22621
35 | 0.23180 0.22614
40 | 0.23174 0.22616

.23225 0.22637
.23184 0.22617
.23182 0.22616
.23181 0.22615
.23180 0.22614

[=X =R

Present Analysis HIEMI[6]

30 | 0.18916 0.18916 .16125 0.17333
35 | 0.16108 0.17408 .16207 0.17347
10° | 40 | 0.16236 0.17337 16206 0.17346
45 | 0.16782 0.17054 16205 0.17345
50 | 0.16155 0.17428 16205 0.17345
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