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Evaluation of High Temperature Multiaxial Fatigue

Behavior of 304 steel ( 3rd report )

Tai Asayama, Hirotsugu Kawasak

Yusaku Wada *

Abstract

A series of multiaxial creep-fatigue tests (uniaxial fatigue, pure torsional fatigue,
pure torsional creep-fatigue, proportional fatigue, proportional creep-fatigue) was con-
ducted by Toshiba Corporation as a part of a joint study with PNC. The results of the
tests were evalualed by the multi-axial creep-fatigue evaluation method which was
developed by the authors in the previous report. The following observation were ob-
tained.

(1) Results of multiaxial creep—fatigue tests obtained by Toshiba Corporation coincide
well with those obtained by PNC, except those of pure torsional fatigue / creep—-fatigue
tests. In the case of pure torsional fatigue /creep-fatigue, Toshiba data showed slightly
longer lives.

(2) Pure torsional creep-fatigue lives reduced as the peak strain hold time increased
from 3 minites to 60 minites. A longer hold time would have redeced the creep-fatigue
lives even more.

(3) In pure torsional creep-fatigue tests with a peak strain hold of 15 minuites, recovery
of life was not observed with an additional strain hold time (from 3 minites to 15
minuites) at the other strain peak.

(4) It was shown that the mutiaxial creep-fatigue evalutaion method proposed by the
authors could evaluate the Toshiba data conservatively. Life predictionswere conserva-

tive for a factor of 5 and nonconservative for a factor of 2.

% Materials Developing Section, O-arai Engineering Center.
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R No A ) t £ oa AE o Ace A7y
(deg) (min) /sec) %) ) (%)
1 0.510 0.510
2 0 0.1 1,009 1.009
3 1,508 1,508
0 0
4 © 0,683 0.683
5 60 0.1 1.018 1.018
6 1.489 1.489
7 0.552 0.877
8 0 0.1 1.086 1.754
oo 0
9 1.561 2.626
10 60 0.1 1.079 1.732
11 0.508 0.360 0,622
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1.7 0
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—G1 -

#3.1(0) B#@s Y —-TEHAROERE (R (1)
frigz 0° . UTHEE 0.1 % /sec
HENo ta At Ae Ae. Ay Avs AT e Ag Az Ne
(min) (%) ¢3) (¢3) ¢3) ) (kef/m ) (kgf /mz? ) (kgf /mrf ) (cycles)
1 0.26 0.29 0.09 (31.4) 250000-P K7
2 0.31 0.34 0.12 (34.0) 218376
3 ’ 0.37 0.40 0.17 (34.8) 23450
4 0.64 0.69 0.37 (50.0) 4353
5 0.58 1.01 0.54 (39.6) 42765
6 0.78 1.34 0.84 (46.2) 17237
7 0 0.96 1.66 1.03 (52.0) 7901
8 1.42 2.46 1.71 (60.0) 2398
S 2.32 4.01 3.14 (63.0) 645
10 0.35 2.27 0.11 0.44 0.19 (35.2) 53680
11 0.48 0.37 0.18 0.56 0.27 (39.0) 20485
12 ’ 0.5% 0.43 0.22 0.74 0.38 (46.6) 10017
13 0.73 0.52 0.29 0.9 0.53 (51.4) 2971
( YNOEFRYS7HSDOFRAMOE
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#3.12 B#h7 J—TEHAROER (R2) (2)
GHZE 0° | UTHEE 0.1 % /sec
&N ta At Ace Ae, Av Ave AO.q Ag z Ne
(min) (%) ¢3)] ¢3) (%) () (kgf /o ) (kgf /oot ) (kgf/m ) (cycles)
14 0 0.98 1.70 1.09 54.7 31.6 5520
15 3 1.01 1.75 1.14 55.3 31.9 4794
16 6 0.99 1.71 1.10 55.3 31.9 4092
17 10 0.97 1.68 1.10 55.6 32.1 3592
18 15 0.99 1.72 1.10 54.6 31.5 3014
19 30 0.99 1.72 1.05 60.4 34.9 867
20 60 1.00 1.73 1.16 54.6 31.5 1921
21 15/3 1.02 1.77 1.26 56.3 32.5 2888
22 15/15 1.02 1.77 1.27 54.0 31.2 2805
23 ¢ 0.98 0.71 0.44 1.23 0.79 59.33 49.19 19.15 1605
24 15/0 0.99 0.71 0.45 1.25 0.84% 56.02 44,58 19.59 1229
25 0/15 0.98 0.71 0.44 1.24 0.82 57.27 45.39 20.15 1514
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#&3.2 BWEYH/ 7V -TERHRBROER (PNC)

HBR N 1 ¢ ts E aq Aca Ae Av A0 Ao At Ne
(deg) (min) (%/sec) 3 (%) (%) (kgf/mt ) (kgf/maf ) (kef /ot ) (cycles)
MBS6B9 0.510 0.506 42.3 42.3 6034
MBS6B7 o 0.1 1.009 1.009 85.5 56.5 1339
MBS6B8 1.508 1.508 67.9 67.9 419
HBS616 ° ° 0.683 0.683 43.3 43.3 1102
HBS516 60 0.1 1.C18 1.018 46.9 46.9 507
HBHSB7 1,489 1.489 49.1 49.1 283
MBS6B3 0.552 0.877 38.9 22.5 26413
MBS6B4 0 0.1 1.086 1.754 51.2 29.5 2691
-
MBS6BS ° 1.561 2.626 59.0 3.1 378
MBS8D3 60 0.1 1.000 1,732 45,7 26.4 1328
MBS6BO0 0.508 0.360 0.622 41.2 30.0 16.3 16031
MBS6AS 0 0.1 1.013 0.715 1.241 54.8 40.0 21.¢ 2274
MS a ° 1,514 1.068 1.857 62.1 45.6 24.4 931
MBS8CS5 60 0.1 1.000 0.710 1.220 48.8 34.2 20.1 727
MBSSDO 0.700 0.700 1.210 56.2 56.2 32.0 2842
MBS8D1 0 0.1 0.500 0.500 0.866 66.2 66.2 37.2 1386
MBS8D2 1.7 90 1.000 1.010 1.767 72.4 72.4 38.5 312
MBS8C7 0.700 0.700 1.210 58.1 58.1 3.0 29
60 0.1
MBSSC3 1.000 1.000 1.732 64.4 64.4 40.3 164
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Equivalent Strain Range ( ASME)
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Equivalent Strain Range ( ASME)
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PNC SN9410 90053
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NEeq F

Equivalent Strain Range ( ASME)
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304 Steel,
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PNC SN9410
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Equi valent Stress Range ( Mises)
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PNC SN9410 90--053
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PNC SN9410 90-0563
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PNC SNU410 90-0563

4, BEEIT /0 YV — 7IESTFF 0 Ol
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PNC SN8410 90-053
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PNC SN9410 90-063
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#4.1 BDHESBREFEOERE (EREX-R)
=Lripi A ¢ ta AEeq D; D.
(deg) (min) (%) Hik 1 Hiel Al
0.26 0.284 - - -
0.31 1.02 - - -
B 0 0 0
0.37 0.330 - - -
0.64 0.606 - - -
0.58 2.65 - - -
0.78 4.33 - - -
nty % 0 0 0.9 3.43 - - f -
1.42 2.58 - - ! -
2.32 1.9 - - -
1.63 0.35 0.548 - - i -
1.51 0.48 1.00 - - -
kHER 0 0
1.72 0.59 1.07 - - -
1.81 0.73 0.618 - - -
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£4.3 BEEY/ 7Y - TEFBETEOSER (HEISHOTHBRAN— R

£90~06 O01V6ENS ONd

B A 5 |t | e D D.
(deg) {min) (%) AiET FEl ‘ AHEN
' 0 0.98 2.52 - - -
3 1.01 2.36 0.543 - -
6 0.99 ' 1.92 0.840 - -
10 0.97 160 | 110 - ? -
nLy o0 o 115 0.99 1.41 123 | - ’ -
v | 0.9 0.407 0.535 ' . , -
60 1.00 0.922 166 | _ l -
15/3 1.02 1.46 1.17 o1 | 1.5
15/15 1.02 1.41 114 | 0.00 2.28
0o | 0.8 3 0.733 - ' - _
HHER 1.73 0 15/0 0.99 0.576 0.500 - 0.560
oS 0.98 , 0.710 |  0.615 - ' 0.615




#4.4 BWHEHHGFHOLER
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AT A ¢ 5 ta At B pigi b
! i
(deg) | (min) (2) HEl L AEL
| 0.6 | (>250000) | 880173 | -
! ' 3
0.31 218376 214780 | -
Bigh 0 0 0 . ; :
{037 ¢ 20 | 71076 -
L 0.64 4353 nso | -
i i | |
I 0.8 1 42065 1 16135 ! -
| |
o um ¥ -
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i | i
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" :
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By | — TEFHGIFEOHBR (FREN—-X)

s 2 6 1t At ZAEH FHES
i
(deg) | (min) @ Hik1 mEl |
| 0 0.98 5520 2188 - , -
3 1.01 479 1305 - -
6 0.99 4092 1036 - -
10 0.97 3592 825 . -
aly = 0 15 0.99 014 731 - -
30 0.99 867 473 - _
60 1.00 1921 513 - ' -
15/3 1.02 2888 624 638 361
15/15 1.02 2805 747 1983 ' 529
0 0.98 1605 2188 - ; -
HAER 1.73 0 15/0 0.99 1229 652 - : -
| 0/15 0.98 1514 21% - 617
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#4.6 By ) —TEFHEMFEOLER (HCHOTHBERAN-2)

BEIRE A @ l th A Eeq EX P FRIFFan

(deg) {min) (%) Hikl i FEI FHE

0 0.98 5520 2188 | - -

3 1.01 479 1322 - -

6 0.99 ; 4092 1055 - -

10 0.97 s | 8w - -

nLy o0 0 15 0.99 o | 706 - -
30 0.99 867 S84 - -

60 1.00 1921 505 - -
15/3 1.02 2888 689 759 : 590
15/15 1.02 2805 639 1983 1 503

0 0.98 1605 i 2188 - -

HEEE 1.73 o | 150 000 | 129 % 706 - ’ _
0/15 0.98 1514 } 213% - , 706
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