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A Study on the Governing Factor of
Fatigue Limit in Austempered Ductile Iron
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Mingun Kim, Jinhak Kim

ABSTRACT

We examined the governing factors of fatigue limit in annealed and austempered ductile
iron specimens machined micro hole(dia.<0.4 msm) in rotary bending fatigue test. Also, the
quantitativé relationship between fatigue limit and maximum defect size in specimens was
investigated. Artificial defect(micro-pit type, dia.<0.4 mm) on specimen surface did not bring
about an obvious reduction of fatigue limit in austempered ductile iron(ADI) as compared
with annealed ductile iron. According to the investigation of Varea o which is the critical

defect size to crack initiation at artificial defect, varea - of ADI was larger than that of

annealed ductile iron. This shows that the situation of crack initiation at artificial defect in
ADI is more difficult in comparison with annealed ductile iron. Maximum defect size is one
of the important parameters to predict fatigue limit. And, the quantitative relationship between

the fatigue limitg, and the maximum defect size Vgreg ,,, can be expressed to

g," + Vareq pp, = C,. where, n, C, are constant. Moreover, it is possible to explain the
difference in fatigue limit between austempered and annealed ductile iron by introducing the

parameter §(= N .,/ N4) in a plain specimen.
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Table 1 Conditions of heat treatment

. . Isothermal
Annealing | Austenizing treating
T(C) | H(hr) | T(C) | Hehr) | T(C) | Hihr)
Series A| 600 1 - - - -
Series B| - - 900 1 500 2
Table 2 Mechanical properties
Oy Ors é H,
Series A 301 423 23 212
Series B 740 932 10 472

oy : Yield strength(MPa)

o7s : Tensile strength(MPa)

J : Elongation(%) H,

: Vicker's hardness

Table 3 Characteristics of spheroidal graphite on

surface
Deg(ym) | Hyp(%) | Vse(%) | Neg(1/mnf)
Series A 23 56 27 215
Series B 40 67 29 98

Dy, : Average size of spheroidal graphite
H,; : Nodularity of spheroidal graphite

Vs : Volume fraction of spheroidal graphite
Nsz : Nodule count of spheroidal graphite
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(b) Series B
Fig. 1 Microstructures of specimen
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Table 4 Estimation of Varea o in the specimen

having different Varea poe ( 0.=1.10,)

d Varea v, |Initiating| N
(mm) |(mm)|  (pm) Point | (cycles)
hole  |3.5x10°
defect | 1.5x10°
0.20 217 defect |2.2x 108
defect {4.5x10°
defect |1.4x10°
0.30 hole |[2.6x108
defect |1.0x10°
Sczcs 030 | 278 defect | 1.6x10°
hole |[1.8x10¢
hole | 2,8%10°
hole |5.5%x10°
hole | 6,2x10°
0.40 | 0.40 370 hole |5.9x10°
hole |4.8x10°
hole |5.1x10°
hole | 1.3x10°
defect | 2.3x108
0.50 | 0.50 462 defect |1.8x10°
defect | 3.5%108
defect | 2.9x108
hole | 1.1x10°
hole |9.1x10"
Seges 050 | 498 | defect |2.1x10°
hole {5,7x10°
0.60 defect |1.8x10°
hole |7.6x10°
hole | 8.7x10°
0.60 555 hole |8.0x10°
hole |9.8x10°
hole |1.0x10°
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Table 5 Rate of hole and defect as initiating place
of the fatigue crack

Hole(%) Defect(%)

0.1 mm 20 30

0.2 mm 20 80
Series A

0.3 mm 33 17

04 mm 100 0

0.1 mm 0 100

0.2 mm 0 100
Series B

0.3 mm 16 84

0.4 mm 33 67
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