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Effect of Primary Carbide on Fatigue Life in Die Steel for Cold Working

Junji Yosuia, Masaaki Karsumara and Yoshio Yamazaxi

Synopsis

: The life of dies for cold working was markedly decreased by increasing stress applied to the edge of die, because the

strength of materials for works was increased. It was found from an investigation of fractured waste dies which were
used at high stress that fracture of dies originated at coarse primary rod-like carbides. It was confirmed that fatigue
life of dies used at high stress could be evaluated with tension-compression fatigue test whose frequency was
equivalent to that of practical dies. The effect of primary carbide on the fatigue life of JIS SKD11 die steels was studied
on the basis of tension-compression fatigue test results. The fatigue life, N, at stress of 1.65GPa which is similar to
stress applied to the edge of die decreased with an increase in the maximum width ,W, of primary carbide following

the equation : N=10312-0-08W,

Voids already initiated at interfaces between coarse primary carbides and matrix at

extream low stress (plastic strain) of 0.3GPa (0.001%) in tensile tests.
Voids were generated at all of coarse carbides more than 8um of width and seldom at carbides less than 2um. Thus,
it is important that coarse primary carbides corresponding to latent crack are reduced to life of dies for cold working.
Key words : dies for cold working ; tool steel ; JIS SKD11 steel ; primary carbide ; tension-compression fatigue test ; tensile test ; void.
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Table 1. Chemical compositions of steels used

(mass%).
C S Man P s ct Mo V
A 142 032 042 0023 0001 1164 083 023
B 146 025 040 0030 0001 1289 083 023
c 143 029 039 0025 0004 1137 086 025

FRIF6A2HZMN FKIFIHI7HZE (Received on June 2, 1997 ; Accepted on Sep. 17, 1997)
sk (bk) 48P SR AT i B ek (B4 0 AARE RS (%)) (Kakogawa Works, Kobe Steel, Ltd., now Nippon Koshuha Steel Co., Ltd.)
* 2 (k) 8 F 8L in 848% 7 (Kakogawa Works, Kobe Steel, Ltd., 2222-1 Ikeda Onoe-cho Kakogawa 675)
* 3 HAE B dld (Bk) $MiBA 7% (Technical Development Department, Nippon Koshuha Steel Co., Ltd.)
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Table 2. Amount and size of carbides in Steels A, B

and C.
Primary carbides 2ndry carbides Total carbides
Steel Vf aW mW aAR vf vf
A 70 24 100 15 74 144
B 68 31 140 25 74 142
c 72 38 185 45 7.5 14.8

Vf : volume fraction (%), aW : average width ( 2 m), mW : maximum width ( & m),
aAR : average aspect ratio
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Fig. 1. Microstructure and voids (a)near and (b) far
from fracture surface in fractured waste die.
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Fig. 2. Relationship between length of void and
width of carbide in fractured waste die.
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Fig. 3. Relationship between frequency and fatigue
life in Steel C. Fatigue life is number of
cycles to fracture.
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Fig. 4. Effect of frequency on relationship between
mean plastic strain and number of cycles in
Steel C in fatigue tests.
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Fig. 6. Relationship between fatigue life and maxi-
mum width of primary carbide.
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Fig. 5. Effect of width of primary carbide on fatigue properties in Steels A, B and C.
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Fig. 11. Scanning electron micrographs of carbides in tensile tests of 6mm/min in Steel C.
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Fig. 12. Microstructures at 1.65GPa in tensile tests of 6mm/min in Steels A, B and C.
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Fig. 13. Size distribution of carbides with and with-
out void after tensile tests in Steels A, B
and C(stress—1.65GPa and tensile rate=
6mm/min).
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