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High Temperature Low Cycle Fatigue Behaviour of Hot Work Tool Steels
Nobuhiro Tsujii

Synopsis: Structural changes and fatigue crack behaviour of hot work tool steels during low cycle fatigue at 873K were
investigated in two types of hot work tool steels, SKD6 and 4.2Cr-2.5Mo-V-Nb steel (SKD6M) . It was found that
fatigue cracks were generated at the intersection of slip bands on the specimen surface. These slip bands were

formed during fatigue process after cyclic softening of matrix due to dynamic recovery of its structure and

coarsening of carbides. The formation of slip bands and fatigue cracks in SKD6M were suppressed in comparison

with those in SKD6. It results from a much smaller amount of plastic deformation of SKD6M than that of SKD6

during fatigue process.

Key words: hot work tool steel; low cycle fatigue; elevated temperature; thermal fatigue crack; heat checking; slip band;

microstructural change; dynamic softening.
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Fig.1. External view of heat checking occurred on the surface of
hot work die of SKD62.
A: Heat checking on the corner.
B: Heat checking on the plane part.
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Fig.2. Shape and dimensions of low cycle fatigue test specimen.
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Table 1. Chemical compositions of steels used (mass%) .

Grade C Si Mn Cr Mo A% Nb
SKD6  0.37 1.0 0.4 5.0 1.2 0.5 —
SKD6M  0.42 0.4 0.4 4.2 2.5 0.5  0.07

Table 2. Tensile properties of SKD6 and SKD6M at room

temperature and 873K.
Grade Testing 0.2%P.S. T.S. ElL R.A.
temperature  (MPa) (MPa) (%) (%)
R.T. 1256 1513 12.6 48.2
SKD6
873K 599 798 19.7 82.1
R.T. 1390 1604 11.6 48.0
SKD6M
873K 615 842 18.8 74.5
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Fig.3. Example of stress—strain—time diagram recorded during
fatigue test atAg, = 1.5% and 873K for SKD6.
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Fig.4. Changes in stress—strain hysteresis loops with low cycle
fatique at Ag, =1.5% and 873K for SKD6.
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Fig.5. Changes in stress amplitude with increasing number of
cycles for various total strains at 873K for SKDB6.
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Fig.6. Transmission electron micrographs of quenched and
tempered specimen and fatigued one for SKD6.
a) As—quenched and tempered.
b) Fatigued at Ag, =1.5% and 873K. N=3x102
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Fig.7. Effects of cyclic strains on softening and coarsening of Cr
carbides occurred during fatigue test at 873K for SKD6.
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Fig.8. Changes in stress amplitude with increasing number of
cycles during fatigue tests in vacuum for SKD6 and
SKDEM.

Fig.9. Slip bands, extrusions, intrusions and microcracks observed
on fatigued surface of SKD6. Ag=1.0%, 873K, in vacuum.
a) Slip bands, N=1x10?
b) Extrusions (A,A’) andintrusions (B,B") ,
N=3x103
c¢) Microcrack, N=3x103
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Fig.10. SEM photographs of the surface morphology of SKDEM
and SKD6 fatigued in vacuum.
a) SKD6M, Ag =1.0%, 873K, N, = 5.3x103
b) SKD6, Ag =1.0%, 873K, N, = 4.1x103
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Fig.11. Changes in the plastic strain range with number of cycles
for SKD6 and SKDEM tested under 0.5 and 1.0% total
strain ranges.
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Fig.12. Optical micrographs (a, b) of as quenched microstructures and SEM (c, d) of the slip bands after fatiqued in vacuum at Ag=1.0%.
a) ,c) :SKD6 quenched from 1303K. b) ,d) :SKD6 quenched from 1403K.
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Fig.13. Governing factors in fatigue crack behaviour of hot work tool steel.
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