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Sodium Thermal Fatigue Test

Part 1 = Preliminary Analysis on Temperature / Stress
Distribution on Test Specimens

T. Asayama*, H. Kagawa*, K. Yaguchi**

M. Aoki*, A. Imazu®*

Abstract

A preliminary analysis was performed on the sodium thermal fatigue tests which are
planned to be conducted with the " Sodium Thermal Fatigué Test

Apparatus” , which was recently constructed in the Material Development Section,
This test machine was constructed for the purpose of aquisition of data needed for
sofistication of the evaluation method of creep-fatigue and crack propagation of
welded joints. Tiiis preliminary analysis is concerned with thermal axnalysis and streés
analysis on test specimens which are planed to be used in the machine.

Effects of following parameters on temperature / stress distribution of test specimens
under various conditions were analysed. These parametefs are considered to play
significant roles in the anaiysis of the results of upcoming experiments.

1) Heat transfer coefficient

2) Thermal shock temperature

3) Speed of submerging specimen

4) Comparison of behavior of base metal and welded joint

5) Comparison of mechanical loading and thermal loading'

% Materials Development Section, O-arai Engineering Center, PNC

* % Joyo-Sangyo, Co. Ltd.
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B, PlAGEECEBRITICERF V) valckky byay 7 E25RBAIE, ST A
&SRB S HERL L 2B S, MEic & 0 BERF OB LIRS B LIEMHCH H U Y ADRIE
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3:22(2)

FEM fiighrsaft:
(SUS 304 oMtft:esk, ®7 v vk, SRIEEGEED
a2 m RS ——— MR
(c) (kg mm?) wT vk (1/C)
20 1.98x10¢ 0.266 15,15%X10"¢
50 1.96x 10 0.268 15.65X 10"
100 1.94 X 10¢ 0.272 16.48%10"¢
150 1.91x10¢ 0.275 17.22x10°*
200 1.88X10 0.279 17.85X10"¢
250 1.84x10* 0.283 18.36X10"*
300 1.80x 10 0.287 18.79%10"¢
3 1.76x10* 0.291 19.19X107¢
400 1.72X%10* 0.295 19.57x107®
450 1.67 %10 0.298 19.93X107®
500 1.62x10° 0,302 20.26X10"¢
550 1.57X 10 0.306 20.60X10"¢
600 1.52%10* 0.310 20.87X10"°
650 1.47%10* 0.314 21.09X107*
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29220301 FEM k&
(SUS 304 oFEIRIES)
e
. ﬁ ;‘: .'3- % 5 o
GBI | DFAaUAL IANY
(%) 350 400 450 500 550 600 650
""" 0.2 12.43 12.10 11.84 11.61 11.33 10.97 10.46
0.3 12.92 12,57 12.30 12,04 11.75 11,36 10.83
0.4 13.29 12.92 12.63 12,36 12.05 11,65 11.11
0.5 13.58 13.20 12.90 12.62 12.30 11,89 11.34
0.6 13.83 13.44 13.13 12.84 12.51 12,09 11.53
0.7 14.04 13.65 13.33 13.03 12.69 12,27 11,570
0.3 14.24 13.94 13.51 13.20 12.86 12,43 11.85
0.9 14.42 14.01 13.67 13.36 13.01 12.57 11.99
1.0 . 14.58 14.16 13.82 13.50 13.15 12.70 12.11
1.1 14,73 14.31 13.96 13.64 13.28 12.83 12.23
1.2 14.87 14,44 14.09 13.76 13.40 12.94 12.34
1.3 15.00 14.57 14.22 13.88 13.51 13.05 12.45
1.4 15.13 14.69 14.33 13.99 13.62 13.15 12.54
Iy ol s 1.5 15.25 14.81 14.44 14.10 13.72 13.25 12.64
(kg/ mm?) 1.6 15.36 14.92 14.55 14.20 13.82 13.35 12.73
1.7 15.47 15.02 14.65 14.30 13.91 13.43 12.81
1.8 15.57 15.12 14.74 14.39 14.00 13.52 12.50
1.9 15.67 15.22 14.84 14.48 14.09 13.60 12.97
2.0 15.77 15.31 14,93 14.56 14.17 13.68 13.05
2.1 15.86 15.40 15.01 14.65 14.25 13.76 13.12
2.2 15,95 15.48 15.09 14.73 14.33 13.83 13.20
2.3 16.04 15.57 15,18 14.80 14.40 13.90 13.27
2.4 16,12 15.65 15,25 14.88 14.47 13.97 13.33
2.5 16.20 15.73 15.33 '14.95 14.54 14.04 13.40
3.0 16.57 16.09 15.68 15.29 14.87 14.35 13.70
3.5 16.91 16.41 15.99 15.59 15.16 14.63 13.97
4.0 17.21 16.70 16.27 15.86 15.42 14.89 14.21
4.5 17.48 16.96 16.53 16.11 15.66 15.12 14.43
5.0 17.74 17.21 16,76 16.34 15.88 15.33 14,64
0.2 13.65 13.65 13.65 13.48 13.06 12.55
0.3 16.95 16.95 16.95 16.45 15.61 14,80
0.4 20.01 20.01 20.01 19.26 18.01 16.85
0.5 22,75 22,75 22.75 21.76 20.13 18.59
0.6 25.24 25.24 25.24 24,01 22.01 20,10
0.7 27.50 21.50 21.50 26.05 23.69 21,44
0.8 29.58 29,58 29,58 27.92 25.23 22.63
0.9 31.50 31.50 31,50 29,64 26.63 23.71
1.0 33.30 33.30 33.30 31.24 27.93 24,70
1.1 34.98 34.98 34.98 32.74 29.14 25.60
1.2 36.57 36.57 36.57 34.14 30.27 26.45
1.3 38.06 38.06 38.0% 35.47 31.33 27.23
BHIERTAH 1.4 39.49 39.49 39.49 36.73 32.33 27.97
(kg/ mm?) 1.5 40.84 40.34 40.84 37.93 33.28 28.66
1.6 42.14 42.14 42.14 39.07 34.19 29.32
1.7 43.38 43.38 43.38 40.16 35.05 29.94
1.8 44.56 44.56 44.56 41.20 35.87 30.53
1.9 45.711 45.71 45.71 42.21 36.66 31.09
2.0 46.81 46.81 46.81 43.17 37.42 31.63
2.1 47.88 47.838 47.88 44.11 38.15 32.05
2.2 48.90 48,90 48.90 45.01 38.85 32.46
2.3 49.90 49.90 49,90 45.88 39.53 32.86
2.4 50.87 50.87 50,87 46.72 40.19 33.25
2.5 51,80 51.80 51.80 47.54 40.83 33.62
3.0 56.13 56.13 56.13 51.30 43.74 35.35
3.5 59.97 59.97 59,97  54.63 46.21 36.90
4.0 63.44 63.44 63.44 57.63 48,37 38.30
4.5 66.61 66.61 66.61 £0.36 50.38 39.59
e 5.0 69.54 69.54 69.54 62.88 52.24 40.78
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22D 2 FEM ik s
(SUS 304 oMb iR %0

B R EE i

HHSE | Utai~n £ E() -

(%) 350 400 450 500 550 600 650
0.2 2043.3 19622  1887.7  1816.1  1744.0  1668.0  1585.3

0.3 13527 13020  1254.2 12077 11613 1113.8  1064.0

0.4 1042.8  1005.3 969.3 934.3 899.4 864.0 827.6

0.5 862.3 832.2 803.1 774.7 746.5 718.0 688.9

0.6 742.4 717.1 692.6 668.5 644.6 620.8 596.2

0.7 656.2 634.3 613.0 592.0 571.2. 5503 529.2

0.8 590.8  571.4 552.5 533.9 515.4 496.9 478.2

0.9 539.2 521.8 504.8 488.0 471.3 454.6 437.8

1.0 497.3 481.5 4686.0 450.7 435.5 420.3 404.9

1.1 462.6 448.0 433.8 419.7 405.7 391.7 377.6

1.2 ©433.2 419.7 406.5 393.4 -~ 380.4 367.4 354.4

1.3 407.9 335.4 383.0 370.8 358.7 346.6 334.4

1.4 386.0 374.2 362.7 351.2 339.8 328.4 317.0

ha TEE{LF 2 1.5 366.7 355.6 344.7 333.9 323.2 3125 301.7

(kg/" mm?) 1.6 349.6 339.1 328.8 318.6 308.5 298.3 288.1

1.7 334.3 324.4 314.6 304.9 295.3 285.6 275.9

1.8 320.5 311.1 301.8 292.6 283.4 274.2 265.0

1.9 308.1 299.1 290.2 281.4 272.6 263.8 255.0

2.0 296.7 288.2 279.7 271.2 262.8 254.4 245.9

2.1 286.4 278.1 270.0 261.9 253.8 245.7 237.6

2.2 276.8 268.9 261.1 253,3 245.5 237.8 230.0

2.3 268.0 260.4 252.9 245.4 237.9 230.4 222.9

24 259.9 252.6 245.3 238.0 230.8 223.6 216.4

2.5 252.3 245.2 238.2 231.2 224.2 217.3 210.3

3.0 221.2 215.2 209.2 203.2 197.2 191.2 185.2

3.5 198.1 192.8 187.5 182.2 171.0 171.7 166.4

4.0 180.0 175.3 170.6 165.9 161.2 156.5 151.8

4.3 165.6 161.3 157.0 152.8 148.5 144.2 139.9

50 153.6 149.7 145.8 141.9 138.0 134.1 130.2

02 102163 10216.3 10216.3  8950.0  7260.4  6364.3

0.3 51344 51344 51344  4384.6 34425  2828.1

0.4 3211.4 32114 32114  2689.5  2060.1 16189

0.5 2240.8  2240.8  2240.8  1844.0  1381.2 10457

0.8 1670.9 16709 16709  1352.3 991.3 725.0

0.7 1303.5  1303.5 13035 10378 744.6 526.4

0.8 1051.0  1051.0  1051.0 823.3 571.9 394.7

0.9 869.1 869.1 869.1 669.8 459.8 303.0

1.0 733.2 733.2 733.2 556.0 372.9 236.7

11 628.9 628.9 628.9 469.2 307.3 187.3

1.2 546.9 546.9 548.9 401.4 256.5 149.6

1.3 481.3 481.3 481.3 341.5 216.5 120.4

EH 1.4 427.9 427.9 421.9 304.0 184.4 97.3

hiLeE(Lis 1.5 383.9 383.9 383.9 268.3 158.3 78.8

(kg/ mm?) 1.6 347.1 347.1 347.1 238.7 136.9 63.9

1.7 316.2 316.2 316.2 213.9 119.2 51.7

1.8 289.8 289.8 289.8 193.0 104.4 41.7

1.9 267.2 267.2 267.2 175.2 91.9 33.3

2.0 247.7 247.7 247.7 160.0 81.2 26.4

2.1 230.7 230.7 230.7 146.8 72.2 25.1

2.2 215.9 215.9 215.9 135.4 64.4 24.3

2.3 202.9 202.9 202.9 125.4 57.7 23.6

2.4 191.3 191.3 191.3 © 1167 51.9 22.9

2.5 181.1 181.1 181.1 109.0 46.8 22.2

3.0 144.0 144.0 144.0 81.8 29.7 19.6

35 121.5 121.5 1215 66.0 23.5 17.6

4.0 106.9 106.9 106.9 564  21.6 16.0

4.5 97.1 97.1 97.1 50.4 20.1 14.8

5.0 90.1 90.1 90.1 46.4 18.8 13.8
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