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Abstract

Single phase bainite structure which is obtained by the conventional austempering treatment reduces
the ductility of ductile cast iron. Because of the reduction of ductility it is possible to worsen the
fatigue properties. Therefore, semi austempered ductile iron which is treated from a+Y is prepared to

investigate the static strength and

fatigue properties in comparison with fully austempered ductile

iron (is treated from Y). In spite of semi austempered ductile iron shows the 86% increase of ductility.
Also, semi austempered ductile iron shows the higher fatigue limit and lower fatigue crack growth rate

as compared with fully austempered ductile iron. By the

fractographical analysis, it is revealed that

the ferrite obtained by semi austempering process brings about the plastic deformation(ductile striation)

of crack tip and gives

the prior path of crack propagation. The relatively low crack growth rate in

semi austempered specimen is caused by above fractographical reasons.
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Table 1 Chemical composition (wt. %)

Si {Mn} P S | Mg Fe

GCD45 30 10.15(003{0.015{ 0.04 | bal.

bt §

Fig. 1 Specimen configuration for rotary bending
fatigue test (mm)
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Fig. 2 CT specimen configuration for fatigue
crack growth rate test (mm). (ASTM
E647~78T)
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1000 1. A-B: heat upto the

austenitizing temperature:

2. B-C:holdat the
800 - austenitizing temperature
(900°C~ 2hr);

3. C-D:guenchto
austempering
temperature:

4. D-E:hold at the
400 | o € austempering
temperature
(375°C- 2hr):

. E-F : air cool to room
A ternperature.

Austempering Temperature (C)

Austempering time (Hour)

(a) Fully austempering process.

A-B : heat up to the
austenitizing temperature;

1000 1

2. B-C:hold at the
austenitizing temperature
(900T~ thr}k

3. C-D:cooling
{cooling rate 20°T/10min}

4. D-E:quenchto
austempering
temperature;

5. E-F:hold at the
austempering
temperature
(375~ 2hr):

6. F-G: air cool to room
temperature.

Austempering Temperature ('C)

Austempering time {Hour)

(b) Semi austempering process.

Fig. 3 Heat treatment condition for austenitizing

and austempering of ductile cast iron
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Table 2 Mechanical properties

Oy | O | & H,

As cast 316 443 16.2 184

Semi-ADI 920 1130 7.8 332

Full-ADI 987 1246 42 598

Oy: Yield strength(MPa) 5 Elongation(%)

O g : Tensile strength(MPa) HV : Vicker's hardness
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(c¢) Full-ADI

Fig. 4 Typical microstructure (a) As cast (b)
Semi-ADI (c¢) Full-ADI
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(c) Full-ADI

Fig. 5 SEM micrographs of fracture surface under
tensile load. (a) As cast (b) Semi-ADI (c)
Full-ADI
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Fig. 6 Effect of heat treatment on the S-N
curves of ADI
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Fig. 7 Relation between fatigue crack growth
rate  da/dN and stress intensity factor
range AK
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Crack growth direction — .

KFEUCL ¥D1%.3mn 15 .0kV %280  200um

(a) Semi-ADI

13-Jul-04 KWRUCL WD20.5mm 15.0kv %200  200um SE 13-3ul-04 9llm 15.0kv 1.0k

(a) Full-ADI (b) Full-ADI

Fig. 8 SEM Micrographs of fatigue fracture. (a)(b) : Semi-ADI, (c)(d) : Full-ADI
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