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Abstract - The steam generators of OPR-1000 plants have Alloy 600 and Alloy 690 as the tube material and
its tube expansion method is the explosive expansion method. According to the experience of these plants,
circumferential cracks were largely occurred in steam generator tubes expanded by the explosive expansion
method and their locations were the outer surface of tube expansion transition region surrounding with piled-up
sludge. But even though tubes have the same conditions, tubes with the hydraulic expansion method shows
the prevail trend of axial cracks compared to circumferential cracks. Therefore in this study, in order to identify
the difference of such phenomena as above, configurations of tube and tubesheet were modeled and at operating
conditions, stress values applied in the tube expansion transition area in accordance with tube expansion methods

were calculated by using computational program and the direction and the predominance of cracks were
evaluated.
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Transition Area, Residual Stress, Computational Modelling
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Fig. 2. Plane stress model.

Fig. 4. Axis symetry model.

C3D8 (8-node linear brick)®]™, AL#-e 3] 2

HAREE) Siste] Hzdl e e4g ARSIl &
7 gHEL 36200 psi ARSIl mele] shriel A
Yk Attole 0.118 inch7HA] 2-&ao] a)j4]S =8
Silth dda} ddurtole] HEL 7k v
(infinite sliding) 0.2 7143t npAAFZ 02 48
Eiriss
e o
FEAE ALeE B A %
At olde] FrHAE et
Ut 036 inchE #-838I3lr) I Fuks)

2l 7] ALHE SAo FHAPTIEE 8
A Arole] S aElste] vtk v
WS 3190tk Fig 6+ Zkshy
3 RS HojgEr) Rl Zof

(e}
o
o] ¥gE|9lon, ARSE 24 CAX4R(4-node

IS
.

N

—

2. = |

fius

0

i
>

1=l
=

o

£ o = @ ot Hd

2l

OlLX|5er HM22# HM2Z 2013

of

ol
1-011

Jo
e

Fig. 3. Equivalent thickness model.

Fig. 5. 3-dimensional model.
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Fig. 6. 2-dimensional axis symmetry model of a tube
expanded explosively.
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Fig. 8. Changes of residual contacting stresses with
increases of equivalent thickness.
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Fig. 7. Stress-strain curve of tube-sheet(SA5S08 CL.3)
and tube(Alloy 600).
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Fig. 9. Comparisons of contacting stresses in case of
hydraulic expansion.
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Fig. 10. Comparisons of ABAQUS 2-dimensional and
3-dimensional model(axial direction)
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Table 1. Total stresses at the expanded and transition
area of hydraulic expanded tube before and
after the operating pressure is considered.
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Fig. 12. Comparison of results between measuring and
analysis modelling for inner surface residual

stresses.
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Fig. 16. Axial residual stresses of the explosive-expanded
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Table 2. Comparisons of FEM analysis results for the
hydraulic expanded tube and the explosive
expanded tube.
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Fig. 17. Circumferential residual stresses of the
explosive expanded tube
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