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Study of Strength and Plugging Criteria
for Inconel 690 Steam Generator Tubes With Flaw
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Abstract: In this paper, the effect of flaw on the strength of steam generator (SG)
tubes and the plugging criteria were studied. The test device used for measuring plastic
limited load and bursting pressure of small diameter tubes was developed and experi-
ments of Inconel 690 SG tubes with local wall thinning and crack flaws were carried out,
meanwhile, finite element method was used to estimate plastic limited load and bursting
pressure. Based on these methods, a new plugging criteria for SG tubes with two-level
assessment was proposed. In this criteria, the thickness, longitudinal length and cir-
cumferential length of flaw were synthetically used to assess the safety of SG tubes.
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Fig. 1 Principle of test
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Fig. 2 Test system photo

B3 AR B

Fig.3 Displacement test device
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Table 1  Strength test results of Inconel 690 SG

tube at room and elevated temperture

RIE/C o JE R/ MPa PR30 )/ MPa

20 291,291,295 718, >645, >659,742,743,745
300 260 558
327 273,272 >583, >494
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SG tube with rectangle-like defect
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Fig. 5 SG tube with ellipse-ball-like defect
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Fig. 6 SG tube with whole loop defect
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Fig. 7 SG tube with tile-like defect
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Fig. 8 SG tube with axial crack defect
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Fig. 9 SG tube with circumference

crack defect
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Fig. 10 Pressure-displacement curve

of SG tube without defect
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Table 2 Test results of SG tube with defect
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Table 3 Finite element calculation of plastic

limited load of SG tube with regular defect

ORI R/ i 8 T 00 £k S A B 288 A

¥ MPa Y S 5/ MPa 53 56 5 1) 46 4 2% / %
2 59. 25 51,19 —13.6
3 56. 74 15.14 —20.4
1 52. 76 39. 09 —25.9
5 67. 19 55. 17 —17.9
6 67. 53 59. 66 —11.7
10 62. 41 53. 25 —14.7
11 62. 53 53.18 —15.0
12 55. 14 43.22 —21.6
13 54. 20 43. 60 —19.6
14 19. 29 36. 01 —26.9
15 12.4 32. 68 —22.9
16 10. 66 29. 62 —27.2
17 19. 74 39. 83 —19.9
18 18.97 39. 72 —18.9
19 47. 36 34. 38 —27.14
20 19. 89 34. 38 —31.1
21 16.8 47. 64 1.8
22 1 14. 71 1.6
23 55. 97 53. 69 —6.1
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Fig. 11 Plastic limit load
vs. circumferential length at Z/T=0. 2
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Fig. 12 Plastic limit load

vs. circumferential length at Z/T=0. 4
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Fig. 13 Plastic limit load
vs. circumferential length at Z/T=0.6
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Fig. 14 Plastic limit load

0.0

vs. circumferential length at Z/T=0. 8
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Fig. 15 Fist-class assessment of SG tube

with wall thinning defect
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Table 4 Data on curves of CG and DE

’ XA/RT
Z/T
CG 2k DE fih £

0.45 1. 40 1.91
0. 475 3.50 1.49
0.5 2.79 1.15
0.525 2.26 0. 89
0.55 1. 90 0.72
0.575 1.71 0. 62
0.6 1.70 0. 60
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Fig. 16 Second-class assessment
of SG tube with wall thinning defect
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