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Abstract: High-grade gray cast iron (HCI350) was prepared by adding Cr, Mo and Cu to the gray cast iron (GC300).
Their microstructure, mechanical properties and fatigue strength were studied. Cast iron was made from round bar and
plate-type castings, and was cut and polished to measure the percentage of each microstructure. The size of flake
graphite decreased due to additives, while the structure of high density pearlite increased in volume percentage
improving the tensile strength and fatigue strength. Based on the fatigue life data obtained from the fatigue test results,
the probability - stress - life (P-S-N) curve was calculated using the 2-parameter Weibull distribution to which the
maximum likelihood method was applied. The P-S-N curve showed that the fatigue strength of HCI350 was
significantly improved and the dispersion of life data was lower than that of GC300. However, the fatigue life
according to fatigue stress alleviation increased further. Data for reliability life design was presented by quantitatively
showing the allowable stress value for the required life cycle number using the calculated P-S-N curve.
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Fig. 2 Geometries of specimen machined from the
molded cast iron: (a) tensile test specimen, (b)
fatigue test specimen for rotary bending fatigue
testing
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Table 1 Chemical composition of gray cast iron

C |Si |[Mn | P S | Cr [Mo |Cu
GC300 |3.00 [1.72 |0.82 |0.03 |0.07
HCI350 |3.02 |1.88 |0.93 |0.04 |0.08 |0.38 |0.35 |0.44
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Table 2 Microstructural analysis results for gray cast

irons
GC300 HCI350
Graphite shape Flake Flake
Graphite size (um) 20~280 20~170
Graphite (%) 6.68(x0.10) | 2.69(+0.66)
High den(f;;y pearlite | o0 1910.84) | 84.37(20.42)
0
Low den(st;t-‘)y pearlite |13 1310.03) | 12.94(:034)
0

. Pearlite

Fig. 3 Microstructure of GC300: (a) SEM photo
(2000x), (b) SEM photo(500x), (c) SEM photo
for image analysis
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Table 3 Mechanical properties of gray cast irons

Properties Round bar Plate
Tensile strength
+ +
(MPa) 344.93£12.14 | 277.40+9.88
Young’s
+ +
GC300 Modulus(GPa) 73.48+9.38 | 67.60+15.50
Offset yield
+ +
Strength(MPa) 295.07429.85 |192.39+25.11
Elogation (%) 1.22+0.12 1.85+0.35
Tensile strength
67£21. 3827,
(MPa) 467.67+21.59 |376.38+27.62
Young’s
.09=+8. .20%10.
HCI350 |Modulus (GPa) 75.09£8.46 | 70.20+10.8
Offset yield
+ +
Strength (MPa) 420.49+33.55 |244.89+50.49
Elogation (%) 1.30+0.10 1.57+0.50
350
AA"A"A‘, © GC300
g & Eea 2 HCI350
E 250 4
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E* 150 - —
7 100 -
=
TR o—
0

10 104 10% 108 107

Number of cycles to failure, N

Fig. 6 Stress-life curve of gray cast irons
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Table 7 Recommended allowable stresses of gray cast
irons(GC300, HCI350) according to various life
limits. Corresponding percentage against tensile
strength is also displayed in each box

Probability | 500,000 1,000,000 |2,000,000
of failure cycles cycles cycles
VA0 | oy | (15t | 28
OC300 | 10%B) | i | (iovy | (1919
9B | (smy | 162% | (145%)
V) | 4y | Lty | (252%
HOISO | 10600 | (s | oy | (239%
9B | s omy | @330 | (205%)
400 T

= =B850

3501,
300
2501
200

1501

Stress amplitude, S(MPa)

1004

501

108 104 108 106 107
Number of cycles to failure, N

Fig. 9 Probability-stress-life curves of the lower part of
HCI350 round bar
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