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Study on Gear Durability of Austempered Ductile Cast Iron
with a Large Amount of Retained Austenite

Satoru Ezoe**?, Muneto Hashimoto®*, Yasuo Tanno*®, and Ichiro Asano®®

It is well known that austempered ductile cast iron material (ADI) has a strength comparable to steel. However, stronger
or tougher ADI material has been requested in order 1o increase the bending strength of gears. Recently, a special
ADI material that included a large amount (55%) of retained austenite was developed. To evaluate the gear durability
of the new ADI material, endurance gear tests were then carried out. The results obtained from the endurance tests
were also compared with those of two conventional ADI gear materials that had retained austenite amounts of 36%
and 10%. Consequently, it was clarified that the new ADI gear had a significant potential for increasing the surface
durability as well as the bending strength of gears and the surface durability with an allowable stress over 1557 MPa.
The Hertzian stress was comparable to that of case-hardened gear steel. According to the detailed analysis of the changes
in local residual stress and in hardness at and under the tooth surface using an X-ray diffraction meter and micro-Vickers
hardness meter, it seemed that the increase in the surface durability was due to compressive residual stress and

work-hardenability induced by good running-in.
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. Shapes of test gear

Table 1. Specification of test gear

Module 3
Pressure angle 20°
Face-width 10mm

No. of teeth 26
Helix angle 0°

Pitch dia, 78. 00mm

Outer dia. 84mm
Contact ratio 1.62
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Fig. 2. Austemper heat treatment processes

Table 2. Chemical compositions of ADI

C Si |Mn i Cul| Ni | Mo| Cr Ti | Mg

0.4012.64(0.3910.19{0.01 <0.01{ 0.02 [0.04410.048
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Fig. 3. Micro structures of ADI
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Fig, 5. Surface roughness of tooth surface before
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Table 3. Mechanical properties of ADI

0.2% proof Ultimate Elongation Reduction Young's Poisson's
strees strength of area modulus ratio
MPa MPa Y% % GPa
757~1182 981~1434 2.0~7.2 2.8~7.7 144~174 ~0.28
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Table 4. Properties of lubricant

Viscosity
Density i/ sec) Viscosity
(g /end) index
313K 373K
0.886 150 14.8 97
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Table 5. Number given to main experiments, retained austenite, Hertzian stress, results of endurance test, etc.

No. of Kind of | Retained |Tangential] Hertzian stress Revolutions
Exp. test gear | austenite load (at steel) of gear Test result
(N / mm) (MPa) N( X109

[1] AD10 10% 391 1297 (1500) 10.8 Non failure

[21 AD10 10% 445 1384 (1600 1.64 Broken at tooth filet
[3] ADI10 10% 503 1470 (1700) 0.57 Broken at tooth filet
[4] AD36 36% 336 1202 (1390 10.8 Non failure
[5] AD36 36% 391 1297 (1500) 1.69 Broken at tooth filet
[6] AD36 36% 445 1384 (1600) 2.07 Broken at tooth filet
[7] AD36 36% 503 1470 (1700) 0.75 Broken at tooth filet
[8] ADb5 55% 391 1297 (1500) 10.8 Non failure

[9] ADS55 55% 445 1384 (1600) 10.8 Non failure
[10] ADS55 55% 503 1470 (1700) 10.8 Non failure
[11] ADS55 55% 564 1557 (1800} 10.8 Non failure
[12] ADSS 55% 628 1643 (1900) 7.86 Broken at tooth filet
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