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Effect of Testing Atmosphere on Low Cycle Fatigue
of Hot Work Tool Steel at Elevated Temperature

Nobuhiro Tsuin, Genryu Ase, Kenzo Fukaura and Hisakichi Sunapa

Synopsis : Effects of atmosphere and strain amplitude on low cycle fatigue behavior of SKD6 hot work tool steel were investigated.

The fatigue life in vacuum was twice as long as that in air.

It became clear from the results obtained from the

experiment conducted in vacuum that slip bands on the specimen surface were formed during fatigue and grew up with

increasing number of cycles.

The initial fatigue cracks were generated at the intersections of slip bands and were

vertical to loading direction. The fatigue cracks mainly initiated at internal inclusions when tested in vacuum, whereas

superficial cracks were observed on the same fracture surface when applied higher strain amplitude.

In contrast,

nucleation sites of fatigue crack when tested in air were specimen surface irrespective of the magnitude of strain
amplitude. The improvement of low cycle fatigue properties in vacuum was mainly due to the decreasing of growth
rate of superficial and internal cracks to the critical crack length.
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Table 1. Chemical composition of Steel used for the
experiment (mass%,).

C Si Mn P S Ni Cr Mo \'

0.37 1.0 0.4 0.010 0.002 0.10 5.0 1.2 0.5
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Fig. 1. Shape and dimensions of low cycle fatigue
test specimen.
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Fig. 2. Effect of atmosphere on low cycle fatigue

life of SKD6 at 873K.
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Fig. 3. Changes of stress amplitude during fatigue

test in air and in vacuum.
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Fig. 4. TEM photographs showing the
Ae=1.0%, 873K, in vacuum.
(a) As-quenched and tempered. (b) N=1x10?

(c) N=1x10°®
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microstructural evolution of SKD6 with increasing number of cycles.

(d) N=3X10°
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Fig. 5. Changes in the surface topography of SKD6
with increasing number of cycles at A&=
1.0% and 873K in vacuum.
(a) N=1x102 (b) N=1X10® (c) N=3X
102 (d) Polished surface after fatigue,
N=1x10°
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Fig. 6. Microcracks, extrusions and intrusions ob-
served on fatigued surface of SKD6. A&=
1.0%, 873K, in vacuum.
(a) Microcrack, N=1X10°
(b) Microcrack, N=3X10°
(c) Extrusions (A, A’) and intrusions (B,
B), N=3X10?
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Fig. 7. Fatigue cracks and local oxidation on the
surface of SKD6 specimen.
(a) Fatigued at 873K in air.
Aet=1.0%, N=1X10® (5.6h)
(b) Fatigued at 873K in vacuum.
Ae=1.0%, N=3X10% (16.8h)
(c) Aged statically at 873K in air for 56h.
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specimens tested at

Fig. 8. Fracture surfaces of
873K in air and in vacuum. The initiation
sites of superficial and internal fatigue
cracks are indicated by the arrows of S and

1, respectively.
(a) in air, Aet=0.5%, N=1.7X10*
(b) in air, Aet=1.0%, N=1.7X103
(c) in vacuum, Ae:=0.5%, N=3.0x10*
(d) in vacuum, Aec=1.095, N=4.1X103
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Crack propagation

Fig. 9. Characteristic fracture surfaces of speci-
mens tested at 873K in air and in vacuum.
(a) Striations, in air,
Aei=0.59%, N=1.7X10*
(b) Tear dimples, in vacuum.
Ae:=0.59%, N=3.0x10*
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Fig. 10. Schematic illustration of the fatigue crack
generation and growth process atA&t=1.0%
and 873K in air and in vacuum.
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