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High Temperature Low Cycle Fatigue of 2/4Cr-1Mo Steel
for the HTTR Reactor Vessel

Hiroshi NISHI

Dapartment of High Temperature Engineering
Tokai Resedrch Establishment
Japan Atomic Energy Research Institute

Tckai-mura, Naka-gun, Ibaraki-ken

{(Received QOctocber 5, 19%4)

Low cycle fatigue tests of 2/Cr-1Mo NT steel were performed in a vacuum
at 723K to investigate the influence of strain wave on low cycle fatigue
strenght. Two types of strain waves, i.e., symmetrical triangular wave (fast-
fast strain rate, F-F) and asymmetrical triangular wave (slow-fast strain
rate, S-F) were employed, where fast and slow strain rates were 0.1%/sec and
0.001%/sec, respectively, Furthermore, fracture surface and the microstructural
change were examined with scanning electron and transmissicn electron microscopes.

Low cycle fatigue life in S-F test was lower than that in F-F test. Fracture
surfaces showed an intergranular mode with striations in the case of F-F test,
while dimples were formed at MnS inclusions for S-F test. It is presumed that
the formaticn of dimples resulted in the increase in crack growth for S-F test.
The stress amplitude decreased with increasing number of cycles by cyclic
softening of the steel. It was found by TEM observations that cell size of

dislocation and carbide precipitates, which caused the softening, increased

during the fatigue process.

Keywords: HTIR, 27 Cr-1Mo Steel, Low Cycle Fatigue Strength, Strain Wave,

Fracture Surface, Inclusion, Transmission Electron Microscope,

Cell Size, Carbide Precipitation, Dimple
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Table 2 Summary of low cycle fatigue test results,

fast-fast slow-fast
Act At N¢ Ag, Ne | Ne{s-f)
(1/2N¢ ) (1/2N¢) N: (£-f)
2.0%| 1.64% 1081| 1.60%] 384 0.357
1.60 1070
1.5 1.13 | 2812 1.15 1165 0.416
1.13 2789
1.12 2805
1.2 0.843 5312 0.871 3324 0.6'26
1.0 | 0.656 |10050 - - -
0.75| 0.450 |16750 - - -

160
20 25 20
© s
Y 15
[ o
S &

Fig.1 Shape and dimensions of the specimen tested(mm).
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Fig.2 Effect of strain wave on low cycle fatigue life.
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Fig.3 An example of variation of the tensile stress
amplitude in fatigue test.



Tensile Stress, MPa

JAERI—Research 94—031

300

= N
o o
=)

Stress, MPa
o

—-100
—200
-300

Strain, %

Fig.4 Cyclic stress strain relation in low cycle
fatigue test at 723K,
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Fig.5 Comparison between tensile stress amplitude
and hardness during fatigue test.
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Fig.6 Stress strain hysteresis loops in S-F and F-F wave tests.
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Fig.7 Stress-time curve for Aet=2% S-F wave test.
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(c) Ast=1.2% 5-F

Fig.8 SEM observations of fatigue fractured surface.
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Fig.9 Dislocation substructure observed by TEM
{a) as received
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(c) act=2% S-F.
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Fig.10 Relationship between stress drop cd and number of cycles.



