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Effect of Particle Size of Secondary Carbide on Fatigue Life in Cold Die Steel

Junji YOSHIDA, Masaaki KATSUMATA and Yoshio YAMAZAKI

Synopsis : It has been known that mechanical properties of die steels are affected by carbides, especially primary carbides of which shape is coarse and
rod-like. It appears that relatively large and spherical secondary carbides which precipitates in austenite, also influence mechanical proper-
ties. The effect of the particle size (diameter) of secondary carbide on the fatigue life of JIS SKD11 die steels was studied by tension-com-
pression fatigue tests with stress amplitude between 1.1 and 1.8 GPa and frequency of 0.17 Hz. The diameter of secondary carbides was
changed by soaking time at 1100°C under the constant width of primary carbide. The fatigue life decreased with an increase in the diameter
of secondary carbide. The effect of diameter of secondary carbide on fatigue life depended on stress amplitude in fatigue tests. It became
larger in low stress amplitude. This shows that fatigue life is mainly influenced by primary carbide in high stress amplitude and by both pri-
mary and secondary carbides in low stress amplitude. The relationship between fatigue life, N, at stress amplitude of 1.1 GPa and the diame-
ter, d/um, of secondary carbide was shown by the following equation: log N=4.04—0.484. The fraction of carbides with void, which was ob-
served after fatigue tests, increased in steels with large secondary carbide. Voids were initiated at all of secondary carbides more than 3 yum in
diameter and no of carbides less than 1 um. Tensile strength also decreased with an increase in the diameter of secondary carbide. Voids were
initiated at interfaces between secondary carbides and matrix in plastic deformation of tensile test. Tensile stress for void initiation was in-
versely proportional to the square root of the diameter of secondary carbide.
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WE WRAMTT 2 8884 &0, R &% a0
FIZHMIZ XA TOEL, 22T, KFETR, AR
GREERIOFIT, FISHEFICLSBHIEEBEREIC KD M L TEL RIS NSHKOSKDL % v, &8
EOWEAMIZEDBREZZEAMENT NS, R, BHRIRIETA — 2 FF A b T B R 2
WM TR AREAI 5L TIE, B THOEEE X REACRR DB E S AL 72,
D . BMTHOM TIZ B2 b 3 27O F I fEH 5
Mb s, FEHEECLEELOERET2MEE % - 2. RBRFG*E

TWw3,
SREEODTEHEOEYHFaI#PIcEEh s Rk, 2.1 #HEMRUHLE
IR EERSBERIIHB I EAHLONTY AFEER I FO - 31T SKD11 S O 1.43%C-0.29%Si—

229 FEOTIE. GEEROFIZHT O —REILHO 0.39%Mn—0.025%P—0.004%S-11.37%Cr-0.86%Mo—0.25%V
B mEABERC s 5T LARLE, —F, REfmE  MTH 5. BRI TEBL, e Lok, S,
KRB IR, FOKE XN E WD ERIOFHIC EZEIZ & 0 50mm/ER (C1#f) & L7z, Cl#% 1100°CIS
R T RO B L — KR D Z R & e & 3h (C2#1), 10h (C3#1) mMELL , —RR{LMOERE R
LEILNDLHN, A—ATFFA FRTHIT 5 R LTI, “RRIEMOKRE S EBELEE, £D
CREERumOEDEH D, TOPBIEHATE VT %, EBEOABESR LR B XIcy 320, kit
MR HDEEXOND, T, ZRFLPNIEE L 1020°C IFE- XA L . 510°C‘k§%ﬁb7€rylﬁlﬁb\, =
BOSEZLDKE XAET 20T, HEBRTZOKA 77 x VR HRCO0 IZHE L 72,
X XOWE S RRMME D L EHOBETRICBN A 2-2 HARBRRUERERE
X XL LRF V., L LSS, EBREOREMIMIC BB OMAM A, S, EES3mm, ¥ — VR Z20mm
Ho o R RENTAARSREAO A% 6+, fkmEn  ORBRNZEES 2SO ML, 79 €y 7L EFEST

SER 103 RS B2t FER10%E6 H 4 B 2P (Received on Mar. 5, 1998; Accepted on June 4, 1998)
xS RURPT SRS (Bl B ASREMMRE () (Kakogawa Works, Kobe Steel, Ltd., now Hippon Koshuha Steel Co. Ltd.)
* 2 TS SIS N )| L8R AT (Kakogawa Works, Kobe Steel, Ltd., 2222—1 Tkeda Onoe-cho Kakogawa 675-0023)
x3 OASENSE (k) FLfiBAREE (Technical Development Department, Nippon Koshuha Steel Co. Ltd.)

64




Fig. 1. Scanning electron micrographs of se ondary carbide in Steels (a) C1, (b) C2 and (c) C
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3 which were austenitized at 1020°C

and air-cooled. Steels C2 and C3 were soaked at 1100°C for 3 and 10 h, respectively, before heat treatment at 1020°C.
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Table 1. Volume fraction and size of carbides in steels.

Secondary carbides  Primary carbides  Total carbides

Steel
\%4 d A vf
Cl 75 1.42 7.2 14.8
C2 79 1.81 . 7.0 14.9
C3 7.8 279 6.9 14.7

V£ volume fraction (%), d : average diameter (1 m)

T T T T T T T
[] Total carbide
8 Carbide with void

20}

Fraction / %

012345678
Diameter of secondary
carbide/ ; m

Fig. 2. Distribution of diameter of secondary carbides in
Steels (a) C1, (b) C2 and (c) C3. Dark areas show
secondary carbides with void after fatigue test
(stress amplitude=1.1 GPa and frequency=0.17 Hz).
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Fig. 3. Effect of average diameter of secondary carbide on
fatigue properties in Steels C1, C2 and C3.
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Fig. 5. Scanning electron fractograph from surface to inside in Steel C1 fatigue fractured at stress amplitude of 1.1 GPa. Arrows

show primary carbides.
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Fig. 4. Relationship between number of cycles to fracture
and average diameter of secondary carbide.
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Fig. 6. Scanning electron fractograph in Steel C1 fatigue

fractured at stress amplitude of 1.1 GPa. Secondary
carbides can be seen on dimples.
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Fig. 7. Distribution of diameter of secondary carbides on
fatigue fracture surface in Steel Cl (stress ampli-
tude=1.1 GP).
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Fig. 8. Microstructure under fatigue fracture surface in
Steel C3 (stress amplitude=1.1 GPa).
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Fig. 9. Relationship between fraction of carbides with void
and average diameter of secondary carbide.
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Fig. 10. Stress—strain curves in tensile test with tensile rate
of 6 mm/min in Steels C1, C2 and C3.
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Fig. 11. Scanning electron micrographs after stress from
1.50 GPa to 1.98 GPa was applied in Steel C3. (a)
1.50 GPa (&=0.12%), (b) 1.70 GPa (0.20%), (c)
1.94 GPa (0.46%), (d) 1.98 GPa (0.63%).
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Table 2. Stress and strain for fracture and void initiation.

Steel a . I e . g [
Cl 2.15 043 0.44 220 0.87
C2 1.90 0.24 0.52 212 0.76
C3 . 1.70 0.20 0.45 2.00 065

0 . : Stresses(GPa) for void initiation at secondary carbide,
& . : Plastic strain(%) for void initiation at secondary carbide,
0 .« : Fracture stress(GPa), € . : Fracture plastic strain (%),
€ .= E (- € .

Stress for void initiation / GPa
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Fig. 12. Relationship between stress for void initiation and
inverse square root of diameter of secondary car-
bide.
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