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Fig.1 Simplified model of three-way pipe.
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angle of 60°.
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Fig.3 The local thermal stress field of three-way pipe with
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Table 1  Stress values of three points for fatigue analysis when the three-way pipe with angle of 60°.

angle of 105°.

M43 1 MPa FJZ 4 60° Angle is 60°

Stress Sx Sy S, Sy Syz Sxz
Wil Loadl 55.457 82.826 65.593 12.463 -7.576 6.956
Point 1 Load2 —55.457 -82.826 —65.593 -12.463 7.576 —6.956
W2 Loadl 49.483 80.816 66.845 16.509 —6.736 5.951
Point 2 Load2 —49.483 -80.816 —66.845 -16.509 6.736 -5.951
T3 Loadl 43.070 76.397 58.759 -11.418 —4.1366 -10.060
Point 3 Load2 -43.070 ~76.397 —58.759 11.418 4.1366 10.060

F2 XEREHNEFANTAMEAE
Table 2 Stress values of three points for fatigue analysis when the three-way pipe with angle of 75°.

N4 1 MPa AN 75° Angle is75°

Stress S, Sy S, Sy Syz Sy
WAL Load1 91.547 96.069 87.236 11.559 23.239 6.3274
Pointl Load?2 -91.547 ~96.069 -87.236 -11.559 -23.239 —6.3274
ik 2 Load1 93.260 118.00 99.358 20.487 24.777 9.145
Point2 | pad2 -93.260 -118.00 -99.358 -20.487 —24.777 -9.145
A3 Load1 —69.277 -95.998 ~75.782 47.020 -31.382 2.7580
Point3 | oad2 69.277 95.998 75.782 —47.020 31.382 —2.7580

£x3 XERAEANEFIMH AN AE
Table 3  Stress values of three points for fatigue analysis when the three-way pipe with angle of 90°.

N3 I MPa FAE 2 90°  Angle is 90°

Stress Sy Sy S, Sy Sy Syz
Pl Load1 124.96 139.93 148.32 1.268 0.124 55.197
Point 1 Load? -124.96 -139.93 -148.32 -1.268 -0.124 -55.197
2 Load1 146.52 99.227 106.227 54.401 4.259 30.140
Point 2 Load? -146.52 -99.227 -106.227 —54.401 —4.259 -30.140
53 Load1 141.23 145.08 164.89 9.8548 4.1966 62.971
Point 3 Load? -141.23 -145.08 -164.89 -9.8548 —4.1966 -62.971
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Table 4  Stress values of three points for fatigue analysis when the three-way pipe with angle of 105°.

N.71 IMPa FAE N 105°  Angle is 105°

Stress S, Sy S, Syy Syz Sy
AL Load1 172.1 218.2 160.03 51.308 —40.431 8.062
Point 1 Load2 -172.1 -218.2 -160.03 -51.308 40.431 -8.062
A2 Load1 158.48 228.32 159.66 —64.609 -33.212 —8.499
Point 2 Load2 -158.48 228.32 ~159.66 64.609 33.212 8.499
T3 Load1 -135.03 -178.62 -190.17 -79.012 -68.034 5.842
Point3 | oad2 135.03 178.62 190.17 79.012 68.034 -5.842
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Table 5 Fatigue life and damage coefficient.

W F7 At 60° 75° 90° 105°
Fatigue life S. /MPa N /10° S./MPa_ N;/10°  S,/MPa N¢/10° S, /MPa_ N;/10°
A1 Pointl 213.17 747 360.67 27.00 470.47 7.711 712.67 1.504
A2 Point2 243.62 354 329.92 42.20 490.71 6.510 679.62 1.466
A3 Point3 226.63 611 342.25 35.15 480.23 7.100 697.39 1.738
¥4 Average 227.81 571 343.28 38.12 480.48 7.107 719.49 1.569
Pt g 22 .
BSTE R Fatigue 0.00140 0.00233 0.11256 0.50987
damage coefficient
*6 EFFANNEEMESEMGRTITEEILR

Table 6 Compare between the theory and simulation results of the allowable fatigue stress.
I3 e AL SIHEE S ermate MP A FRICN I IEAE S, /MPa R 1%
Stress Alternating stress intensity FEM simulation results Error
60° 205.42 227.81 10.89
75° 302.18 343.28 13.60
90° 430.21 480.48 11.68
105° 640.15 719.49 12.30
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Study on the thermal fatigue of tee in the first loop of nuclear reactor

HU Lina YU Huajin WANG Yueying
(Fast Reactor Research Center, China Institute of Atomic Energy, Beijing 102413, China)

Abstract Background: Thermal stress will be occurred in the Sodium Cooled Fast Reactor when it starts or stops,

after a number of cycles, thermal fatigue damages will be emerged, especially in the connection areas of tees.

Purpose: To study the relations between the angles and the fatigue life in tees. Methods: The thermal fatigue life and

fatigue damage coefficient of the tees of different angles are computed by the ANSY'S software. Results: This paper

gives a function charactering the relations between the fatigue allowable intensity and the tee angle. Conclusions:

The fatigue strength is reducing with the decreasing of angle, which can provide certain valuable reference for

designing tee nuclear reactor.

Key words Thermal fatigue, Fatigue strength, Tee, Stress concentration factor
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