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Effect of Hardness Distribution on Propagation Behavior of Torsional Fatigue Crack of
Induction Hardened Steels for Automotive Shafts

1atsuro OCHI, Hideo KANISAWA and Tadao WATANABE

Synopsis

: The purpose of this study is to clarify the effect of hardness distribution on the propagation behavior of torsional fatigue crack of induction

hardened steels for automotive shafts. The effect of hardness distribution on the propagation rate of mode III crack and fatigue fracture

toughness were investigated.

In the torsional fatigue test, mode III fatigue crack propagated in early stage after crack initiation. And, when fatigue crack length achieved

a certain critical level, the fracture mode changed from mode III to mode I and static final fracture occurred with intergranular fracture at al-

most the same time.

The propagation rate of mode III crack decreased with increasing the hardness of crack propagation region. On the other hand, the length

of mode [T crack propagation at the fracture was decreased by increasing case hardness. This indicates that increasing case hardness enhance

the shift from fatigus crack propagating at mode III to static final fracture, namely decreased fatigue fracture toughness.

Key words : medium-carbon shaft steel; induction hardening; torsional fatigue strength; crack propagation life; fracture life; static final fracture; fracture

mode; fatigue fracture toughness; hardness distribution; case hardening depth; case hardness; core hardness; carbon; stress amplitude.
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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 | 0.41C | 0.41 0.26 0.83 0.018 0.015 0.13 0.035 0.0047
3 ‘ 0. 54C 0.54 0.26 0.71 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 ¥Pa % %
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 a smooth specimen for torsional fatigue
test.
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Table 3. Hardness, residual stress,
torsional strength.

grain size No. and static

0. 35C 0.41C 0. 54C

Case Hardnening

0.21 ]0.34 [0.48]0.25 0.6210.37 | 0.52

Depth t /radius r
Case Hardness HY | 591 583 595 1 657 664 6591 712 7071 719
Core Hardness HV | 168 257 290§ 190 269 344 | 217 246 | 391
Residual Stress

-586 | -647 | -580 | -510 | -541 | -581 | -633 577 | -582
at Surface WPa

y -Grain Size No. 9.2 8.0 7.3) 8.7 7.2 6.7 6.7 6.3 58

Static Torsional

1257 | 1538 | 1611 | 1415 | 1685 | 1769 | 1477 | 1853 | 1985

Strength MPa
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Fig. 3. Fractographs of the specimen of steel 0.54 C (#/r: 0.52) fractured at the stress amplitude of 900 MPa: (a) macroscopoc view,
(b) around the transition region of mode I fracture, (c) high magnification of the transition region mode I fracture and (d)
propagation region of mode [ fracure.

£BKY

Fig. 4. Fractographs of the specimen of steel 0.54C (#/r: 0.52) fractured at the stress amplitude of 1100 MPa: (a) macroscopic
view, (b) around the transition region of mode 1 fracture, (c¢) high magnification of the transition region of mode I fracture
and (d) propagation region of mode I fracture.
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Table 4. Residual stress at surface after fatigue test.

0. 35C 0.41C 0. 54C
Case Hardnening [ I
. 0.21 [0.34| 0.48f0.25 |0.42| 0.62]0.37 | 0.52 |0.68
Depth/radius
’ 1100 -36 -60]-134 | -100 -59 ] -170 -80 | -161
After z. | 1000 28| -132| -66 |-115 -54 | -265 | -287 | -208

Fatigue | YPa | 900 | -133 -79 -84 ] -267 | -29% 182 | -204 | -257 | -281
Test 800 | 155 | -107 -177 ] -198 276 328 | -293 392 | -335
7_] 700 -290 {-211| -266]-243 |-320| -352|-318| -363
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Fig. 7. Schematic illustration showing the relationship be-
tween hardness distribution and residual stress dis-
tribution.
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Table 5. Relationship between hardness and K, after our
previous paper?.
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Fig. 10. Effect of carbon content on torsional fatigue
strength.
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behavior at the stress amplitude of 900 MPa.
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