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Relationship between Fracture Origin in Torsional Fatigue and Hardness Distribution of
Induction Hardened Steels for Automotive Shafts

Tatsuro OcHl, Hideo KANISAWA and Tadao WATANABE

Synopsis : Torsional fatigue strength of induction hardened steels has been affected by fracture origin. The purpose of this study is to clarify a relation-

ship between fracture origin site in torsional fatigue test and hardness distribution of induction hardened steels.

In the test-pieces of a shallow case hardeninng depth, fracture tended to occur on internal origin. When case hardening depth increased and
exceeded a certain level, the fracture origin changed from internal to surface. A new indicator, “projected core hardness”, defined as a core
hardness projected from internal fracture origin site to surface along stress distribution, was proposed. The site of fractue origin was depen-
dent on the ratio of projected core hardness and case hardness. That ratio of 1 corresponded to the critical condition which fracture occurred
on internal or surface origin.

In addition, the site of fractue origin was dependent on stress amplitude, too. The fracture tended to occur on surface origin with the test
condition of high stress amplitude. This was because the compressive residual stress at surface decreased with increasing stress amplitude.
Torsional fatigue mode maps, shown as a function of the ratio of projected core hardness, case hardness and stress amplitude, were newly

proposed. These maps enable to predict the fracture origin site in torsional fatigue test.

Key words : medium-carbon shaft steel; induction hardening; torsional fatigue fracture; fracture mode; fracture origin; hardness distribution; case hard-

ness; core hardness; stress amplitude; residual stress.
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Table 1. Chemical composition of steels.

mass %
No. | Steel C Si Mn P S Cr Al N
1| 0.35C 0.35 0.23 0.79 0.018 0.018 0.02 0.023 0.0047
2 | 0.4IC 0.41 0.26 0.83 0.018 0.015 0.13 0.035 0.0047
3 | 0.54C 0.54 0.26 0.7 0.029 0.029 0.08 0.026 0.0063

Table 2. Mechanical properties of steels.

Tensile 0.2% proof Elongation Reduction

No. | Steel strength stress of area
¥Pa MPa % %
1 0. 35C 615 396 31 55
2 0. 41C 652 407 28 .. 51
3 0. 54C 758 443 24 44
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Fig. 1. Design of specimen for torsional fatigue test.

Table 3. Hardness, residual stress, grain size No. and static
torsional strength.

0. 35C 0.41C 0. 54C

Case Hardnening

0.21 |0.34 |0.4800.25 [0.42 |0.62}10.37| 0.520.68
Depth t /radius r
Case Hardness 591 583 595 | 657 | 664 | 659 712 707 718
Hease  (HV)
Core Hardness 168 257 290 | 190 | 269 | 344 217| 246 391
Heore  (HV)

Residual Stress
at Suface (HPa)
Static Torsional
Strength  (HPa)

-586 | -647 | -580 | -510 | -541 | -581)-633 | -577 | -582

1257 | 1538 | 1611 | 1415 | 1685 | 1769 | 1477 | 1853 | 1985
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Fig. 2. Effect of case hardening depth on fractographs of
specimen of steel 0.54C fractured at the stress am-
plitude of 800 MPa:

(a) #/r=0.37, (b) /r=0.52 and (c) t/r=0.68.
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Fig. 3. Schematlc illustration of fractographs shown in Fig.

(a)t/r 0.37, (b) #/r=0.52 and (c) #/r=0.68.
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Fig. 4. Effect of case hardening depth and stress amplitude on the position of fracture origin : (a) steel 0.41C and (b) steel 0.54C.
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Fig. 5. Schematic illustration showing relationship be-

tween hardness distribution and fracture origin.
Open mark: surface origin, solid mark: internal ori-
gin. H, ., and H, ., are new indicators, “pro-
jected core hardness”, obtained from hardness dis-
tribution of #, and ¢, respectively.
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Fig. 6. Schematic illustration showing the relationship be-
tween hardness distribution and residual stress dis-
tribution.
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Fig. 7. Effect of residual stress on relationship between hardness distribution and stress distribution. AT: Amount of reduction of
applied stress at surface due to residual stress. AH: Increment in case hardness due to residual stress.
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Table 4. Corrected torsional fatigue strength at surface and
corrected case hardness for residual stress.

0.35C 0.41C 0. 54C
t/r 0.2110.34|0.4810.25 )0.42 |0.62]0.3710.52 | 0. 68
Hease  (HV) 591 | 583 595] 657 664 6591 712} 707 | 719
ox (NPa) -586 | -647 | -580 | -510 | -541 | -581 }-633 | -577 | -582
7w (WPa) 816 | 822 819) 874 891 895) 972 951 | 966
Hease.net  (HV) 723 | 728 830 | 775 790 793 ] 861 | 843 | 857
Hecase.net /M case 122 L25 [ L39fL18 | 119 {1.20f1.21]1.19]1.19
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