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A Study on Characteristics of Strength and Fracture of
Austempered Graphite Cast lron
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ABSTRACT

The mechanical properties and fatigue crack growth rate fracture toughness of permanent mould cast
austempered gray cast iron(AGI) were compared to those of sand cast AGL Specimens prepared for
tensile, impact and fatigue test were austenitized at 900°C and austempered at 270°C, 320C, 370C and
420C for 1 hour.

The strength, impact and fatigue crack propagation behavior of permanent mold cast AGI were found
to be superior to those of sand cast AGI. Maximum values in tensile strength, BHN, Charpy impact
energy, were obtained at the austempering temperature of 270C. Samely, the slowest fatigue crack
growth rate was appeared at the austempering temperature of 270C. But ductility of AGI was not
improved by permanent mould casting.
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Fig. 1 Dimension of (a) Y-block, (b) Tensile test
specimen, {c) Charpy impact specimen and
(d) CT specimen. (unit : mm)

Table 1 Chemical composition of cast iron

El t
. M c i si{Ma| P | S
Specimen

Plain iron 3.35]2.46 | 0.4210.10 | 0.02
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Fig. 2 Heat treatment cycles for austempered gray cast
iron
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Photo. 1 Scanning electron micrographs of normalized cast iron and AGI
Permenent mold : a) normalized b) 270°C ¢) 320°C d) 370°C e) 420C
Sand cast : f) normalized g) 270°C h) 320°C i) 370TC j) 407C
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Permanent Mold AGI Sand Cast AGI
R Retained Carbon Content . Retained Carbon Content
Austempering Lattice . . . Lattice . i .
Austenite in Retained Austenite in Retained
Temp. and Time | Parameter, . Parameter, )
(A) Volume, Austenite, (A) Volume, Austenite,
a
4 Vy (%) Cr(%) i v, (%) Cr (%)

270C (1Hr) 3.6222 17.0 1.42 3.6180 23.4 1.36

320°C(1Hr) 3.6304 20.5 1.49 3.6297 33.4 1.57

370C (1Hr) 3.6198 27.8 1.74 3.6249 38.9 1.72

420°C (1Hr) 3.6132 19.3 1.38 3.6150 17.9 1.27
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Fig. 3 Retained austenite Vol. vs. austempering temp.
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Table 3 Mechanical properties for permanent mold and sand cast austempered gray cast iron

Permanent Mold AGI Sand Cast AGI
Austempering Yield Tensile Charpy Yield Tensile Charpy
Temp. and Time | Strength, Strength, BHN Impact Strength, Strength, BHN Impact
g, MPa g, MPa Energy, J ¢, MPa ag,, MPa Energy, J
Normal. 349 367 140 3.0 243 263 105 2.8
2707 (1Hr) 824 836 310 5.2 433 446 235 4.2
320C (1Hr) 732 747 281 4.8 403 412 214 3.9
370°C(1Hr) 586 598 264 4.6 354 367 205 7
420°C (1Hr) 504 517 245 4.0 306 319 187 3.3
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Fig. 4 Tensile strength vs. austempering temp.
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Fig. 5 Brinell hardness vs. austempering temp.
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Fig. 7 Fatigue crack growth rate vs. stress intensity
range(permenent mold)
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Fig. 8 Fatigue crack growth rate vs. stress intensity
range(sand cast)
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Fig. 9 Fatigue crack growth rate vs. stress intensity
range(permenent mold)
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Fig. 10 Fatigue crack growth rate vs. stress intensity
range(sand cast)

Table 4 Constant m and C of ftigue crack growth in AG!

Austempering | AGI Permanent Mold | Sand Cast AGI
Temp. and Time m C m C

Normal. 7.63 | 1.0BE-12 | 7.82 | 4.98E-12

270C 11.27 | 1.42E-18 | 6.31 | 8.23E-12

320C 9.18 2.06E-15 | 7.63 { 6.39E-13

370C 8.72 1.45E-14 [ 7.55 | 1.16E-12

420°C 8.32 | 5.37E-4 | 7.06 | 4.89E-12
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