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Impact Characteristics and Fracture Toughness of Ferritic
Spheroidal Graphite Cast Iron

Tohru Nobuki*, Minoru Hatate*,
Shohei Yamada*? and Yutaka Miyamoto™3

To examine the effects of nickel addition on not only static tensile properties and impact properties but also fracture
toughness, castings of two sizes, namely heavy-section (600mm thickness) and Y-block (75mm thickness) spheroidal
graphite cast irons, with the same chemical composition were prepared, and attempts were made to clarify and evaluate the
fracture toughness. CT specimens of 25 mm in thickness were then obtained from the two materials by machining, accord-
ing to ASTM regulations for heavy sectional castings, and fatigue pre-cracks were formed on the specimens by applying
some 20 kilo-cycles of repeated axial loads using a hydraulic servo fatigue tester at room temperature. Next, 60 degree-V
shaped side-grooves were formed on the CT specimens after inducing an approximately 2 mm large fatigue pre-crack at the
machined crack tip, and CT testing was then performed on the specimens using an Instron type material tester at 296K (R.T.)
and 233K. The applied load (L) and load-line-displacement (LLD) of the CT specimens were recorded on computer by the
unloading elastic compliance method based on the JSME method. The results showed that two kinds of almost fully ferritic
spheroidal graphite cast irons were obtained from heavy sectional sands molds. The microstructures and mechanical proper-
ties of these materials were that of typically normal spheroidal graphite cast irons ones. (ie: UTS > 300 MPa, Elongation >
20%, HV > 130)

The obtained fracture toughness (J;.) of these specimens was 26-33 and 10-23 kN/m at R.T. and 223K, respectively. The
converted fracture toughness (Kj.) values from estimate equation showed > 45 MPa at 233K of heavy-section specimens
added with 0.6% Ni. The calculated fracture toughness (converted K;.)) and Charpy impact characteristics of these materi-
als showed good correlation with parameters when impact yield stress was applied in impact testing.

Keywords : spheroidal graphite cast iron, impact characteristics, fracture toughness, heavy-sectioned castings, mechanical
properties
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Table 1 Chemical composition of materials used.

(mass%)
A DL EHLK (mass%) .

Sample name C Si Mn P S Mg Ni
Ni-free 352 | 2.09 | 0.07 | 0.014 | 0.008 | 0.046 | 0.01
Ni0.6% 350 | 213 | 0.06 | 0.014 | 0.008 | 0.045 | 0.57
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Fig. 2 Configuration and dimensions of CT
test specimens. (B=25mm)

CT kBB IK ik (B=25mm).

Fig. 3 Microstructures of obtained specimens. (Nital etched).
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Table 2 Microstructural analysis results and mechanical

properties of specimens.
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Fig. 5 Impact load-displacement curves obtained
from instrumented Charpy impact testing for various
samples. (Solid line : Y-block, Broken line: Real-size).
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Fig. 8 Load and load line displacement (L-LLD) diagrams of Ni0.6%
specimens. (Typical example).
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Table 3 Fracture toughness Jic value of samples. (KN/m).
15 6 N 7zRHZ 2 T OREE B M Jic i (kKN/m).

Ni-free Ni0.6%
Real-size Y-block Real-size Y-block
233K 10 (39) 12 (45) 11 (45) 23 (64)
296K 26 (63) 27(71) 26 (70) 33(79)

*Bracketed values are showing

K (MPaym) values converted from e.
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Fig. 10 SEM fractographs of specimens after fracture

toughness test. (Y-block specimen).
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Fig. 11 Relation between fracture toughness and
Charpy impact value parameters of specimens tested at
233K and 296K.
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