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Development of Austempered Ductile Iron With High
Strength and High Toughness for Automotive Parts

Won-Yong Kim, Young-Sang Lee, Gwang-Bae Kim, In-Chan Kang.

Abstract

The application of this new design approach called fracture mechanics allow one to determine the maximum
allowable stress from the knowledge of the largest expected flow size and the plane strain fracture tough-
ness of a material, In this study we examined the relation between retained austenite, mechanical property
and fracture toughness accompanied by austempering heat treatment. Fracture toughness values and
retained austenite volume were higher with the ADI(austempered ductile iron) which were austempered at
380C than austempered at 320°C. Additionally, fracture toughness values were increased for 1~2 hour
austempering time but it was slowly decreased for 5 hour ADI maintaining the predominan% fracture tough-
ness(Kic : 83 MPa+/m) is obtained following condition , namely , austempering temperature and time (380°C

and 1 hour).
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Table 1. Chemical composition of ductile cast iron(Wt. %)

Material T.C Si Mn P

Mo-Ni-Cu 3.6 2.86 0.21 0.03

0.012 0.59 0.24 0.58 0.056

Table 2. Structure analysis of matrix for as cast

, Ferrite Ferrite Graphite | £derage Number of
Material (%) (%) (%) diameter of graphite
0 0 0 graphite(mm) (# /mm?)
Mo-Ni-Cu 0.059 88.29 11.65 0.0456 125
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Fig. 1. Heat treatment cycle for austempering of duc-
tile cast iron, -
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Photo 1. Optical microstructure and SEM of ADI austempered at 3200C
and 380°C for 10~ 300min.

(a) 10mun (b) 30min (¢)60min (d) 120min (e)300min
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Table 3. Mechenical properties, amount of retained austanite and fracture toughness

of austempered ductile iron,

Austem— | Austem— | ¢ UTS | EL. CVN 7 Kic
ey | g | P | Py | o) | BN VA9 | (MPamiy

10 721.9 046.2 3.2 494 2.5 18.7 56.5

30 975.5 | 1084.8 3.6 526 5.0 195 76.7

320 60 1063.2 1151.1 4.0 530 7.5 23.3 78.4

120 10731 | 11709 4.8 563 8.0 28.1 82.5

300 10535 | 1053.5 39 548 7.0 239 79.5

10 669.1 848.7 4.1 422 3.0 20.2 57.8

30 775.5 877.9 44 437 6.0 214 78.2

350 60 868.2 930.6 5.2 465 8.0 26.2 80.2

120 907.2 946.2 5.6 494 8.5 30.6 82.9

300 887.7 926.7 5.3 464 7.2 27.1 80.5

10 643.8 809.6 4.3 390 3.6 235 64.6

| 30 712.1 848.7 4.6 416 6.5 24.1 79.1

380 60 790.1 887.7 5.8 488 9.0 32.1 83.2

120 760.9 866.2 5.7 481 8.5 31.7 81.7

300 741.4 829.2 5.4 469 7.5 30.2 80.8
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Fig. 2 The relation between fracture toughness and
austempering time of ADI austempered at
320°C~380C
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Ausfempering Time (min)

Fig. 3. The relation between austempering time and

retained austenite
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Fig. 4. The relation between Kic and retained austen-
ite volume in ADI,
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Photo 2. Fractographs of fractured CT specimen of ADI austimpered at 3207
and 380C for 10~
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Fig. 5. Processing range for producing optimum ADI
mechnical properties
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