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Structural Changes of Hot Working Tool Steel during Low Cycle Fatigue at Elevated Temperatures
Nobuhirvo Tsum, Genryu Ase, Kenzo Fukavra and Hisakichi Sunapa

Synopsis :

Effect of microstructural changes on the crack generation and propagation during low cycle fatigue was investigated

on hot working tool steel SKD6, having the hardness of 48HRC, at 873K in air.

The stress amplitude vs. number of cycles relationship under constant strain condition consisted of three stages, as
follows. The first stage is a short period of work hardening, and the second stage is dominated by cyclic softening due
to dynamic recovery of matrix structure and coarsening of carbides. At the final stage, stress amplitudé is drastically
decreased by crack propagation, which could result from micro-cracks initiated at scales near surface.
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Table 1. Chemical composition of material used in
this experiment.(mass%)

C Si Mn P S Ni Cr Mo v

0.37 | 1.0 0.4 10.010(0.002| 0.10 | 5.0 1.2 0.5

PR 5 11726024+ P64 5 130 2% (Received on Nov. 26, 1993 ; Accepted on May 13 1994) ‘
s ILPERERBLEN (BR) R WATPEAT (Technical Research Laboratories, Sanyo Specml Steel Co., Ltd., 3007 Nakashima bhlkama Himeji 672.)
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Fig. 1. Shape and dimensions of low cycle fatigue
test specimen.
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Fig. 2. Stress-strain curve at 873K and at 1073s7%.
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Fig. 4. Changes in stress-strain hysteresis loops
with low cycle fatigue at A& =1.59% and at

873K.
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Fig. 5. Changes in stress amplitude with increasing
number of cycles for various total strains.
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Fig. 6. Structural changes before and after fatigue
test.
(a), (c) and (e) As-quenched and tempered
(b), (d) and (f) Fatigued at 873K.Ae,=0.5%, N,=1.38 X 10*
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Fig. 7. Scanning electron micrographs of micro-
cracks on specimen surface, fatigued at
Ae&=0.5%, N;=1676cycles.

Direction of applied stress is vertical.

(a) surface view (b) magnified view of crack indicated by
the arrow in photo. (a)

(c) example of micro-oxide observed cross sectional view
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Fig. 8. Changes in plastic strain range with number
of cycles for various total strains.
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Fig. 9. Effects of strain ranges on softening occur-

red during fatigue test.
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Fig. 10. Electron micrographs of extraction replicas
for specimens aged or fatigued for various
times.

(a) As—quenched and tempered.

(b) Aged at 873K for 2.8h.. (c) Aged at 873K for 28h.
(d) Fatigued at 873K for 2.8h, A&=0.5%.

(e) Fatigued at 873K for 28h, Ae=0.5%.
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Fig. 11. Transmission electron micrographs of spec-
imens aged or fatigued for various times.
(a) As-quenched and tempered.
(b) Aged at 873K for 2.8h. (c) Aged at 873K for 28h.

(d) Fatigued at 873K for 2.8h, Ae=
(e) Fatigued at 873K for 28h, A& =

0.5%.
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Fig. 12. Electron micrograph and EDX spectrum of
extraction replicas of Cr-C type precip-
itates observed in fatigued specimen. Ae=
0.5%, N=1.0X10%cycles.
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Fig. 13. Scanning electron micrographs of micro-
cracks on specimen surface, fatigued at
Ae=1.5%, N=334cycles.

Photo. (b) is a magnified (a), and direction of applied
stress is vertical to the crack.
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