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Effect of Pror Structure on Torsional Fatigue Strength
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ABSTRACT

In order to evaluate the relation between prior structure and fatigue strength on a induction
surface hardened medium carbon steel(SAE1050M) for automotive drive shafts, torsional fatigue
test were conducted with various cases of different hardened depths and applied loads. Prior
structures of the steel such as pearlite, fine pearlite and spheroidal pearlite were prepared by
conventional nomalizing, tempering after quenching and spheroidized annealing, respectively.
Maximum torsional fatigue strength can be obtained when the case depth is 18~25% diameter of
the bar in each prior structure. The effect of case depth on the torsional fatigue strength was
different depending on applied load to specimen, but the most good fatigue life was shown in the
case of pearlitic structure when the case depth was 4.0~55mm(18~25% of bar diameter).
Among three different prior structures, energy cénsumption, to obtain high strength or to get the
same case depth, was the most saved in the case of pearlitic structure,
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Table 1 Chemical composition of
specimen. (wt%)

C Si {Mn| P S Ni | Cr | Mo
051 ) 020 y 097 [ 001 | 001 | 002 | 032 | 001
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Fig. 2 Prlor microstructures of the
specimens. (a)pearlite by
normalizing, [b)fine pearllite by
quenching and tempering. and
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annealing
Table 2 Hardness of specimen. {SAE 1050M)
Heat treatment Normalizing Temperi A i
Microstructure Pearlite Fine Pearlite _Spheroidal Pearlite .
Hardness ’ HB 240 HB 230 HB 165
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Table 3 Conditions of induction hardening (Case depth 55mm)

. Microstructure
Deacription Pearlite Fine Pearlite Spheroidal Pearlite
Progressive speed 133mm/sec 183mm/sec 11. 6mm/sec
Input power 165kW 165kW 165k W
EM Value 668 566 758
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Table 4 Fracture cycles and points of torsional fatigue test.

Speeimens Applied load(Nm)
Microstructure Case 2.260 1.800 1,328 1127 900 700
depth
. 442 4090 83,400 125170 | 1.169.660
Pearlite 25mm - * . . Ry
) © © @ ®
269 3523 52230 | 166080 | 672,630
40mm ' -
@ © ® ®
617 8012 84620 | 152420 | 398290
55mm : -
@ @ ® @
644 6,181 50,450 79.290 185590
7.0mm . _
@ ® @ @
. . 951 30401 123800 | 364820 | 569200
Fine Pearlite - 25mm - . i
© © @ @
- A0mm 321 6927 127,120 | 235510 | 271070 )
) ©) ® @ @
& Eenn 538 2,002 73790 | 195670 | 324,900 )
’ @ © ® ® ®
564 1,865 36,350 59,760 119,630
7.0mm y . . . -
@ @ @ @ ®
176 2,650 9,730 39900 | 302610
25mm - by ' i
Spheroidal @ © ® © ©
Pearlite A0mm 310 5726 58,160 | 131,650 | 613970 )
) @ @ ® @ @
5 5mm 432 2957 55740 | 165240 | 374270 )
’ ©) © ® ® ®
444 5927 54,690 99,070 309,000
70 . X I X )
@ ® @ ® ®

Fracture point : @C/V ring groove, ®C/G ring groove ©C/G neck down ared, @C/V

spineteeth and ®nofracture.
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Table 5 Specification of torsional fatigue test.(Automotive FWD Shaft)

Test item Applied load Required cycle Remark
ljligh logd CASE A £2100 Nm 100 C 1 Hz
torsional fatique CASE B +2260 Nm
Low load CASE A +900 Nm 250,000 Cycles ] A H
. . z
torsional fatique CASE B +1328 Nm 20,000 Cycles

CASE A to be applied to FWD shaft with JAEL load 2,100Nm.
CASE B to be applied to FWD shaft with JAEL load 2,260Nm.
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Fig. 3 Relation between case depth and
cycles to failure after Induction
hardening of each prior structure.
(a)load 1,127Nm, (b)load 1,328Nm
and (c)load 2,260Nm
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Fig. 6 Microstructures of transition area
in Fig. 5. (a) In case of pearlite,
[b) In case of fine pearlite and (c)
In case of spheroidite
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Fig. 7 Macroscopic view of fractured specimen by torsional fatigue test. (a) in case depth

4mm and (b) in case depth 7mm
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Fig. 8 S-N diagram of each case depth
after induction hardening of (a)
normalized, (b)quenched and
tempered, and (c¢) spheroidizing
annealed specimens.
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Fig. 9 Evaluation of induction hardened
layer after induction hardening
by same hardening conditions. (a)
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