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compression which improves fatigue life. Although case depth and chemical composition are same, the structure of
induction hardened shaft affects the fatigue strength and life because of austenization during hardening. Therefore
torsional fatigue tests of specimens from various structures, which are obtained by nomalizing, spheriodized
annealing and tempering after quenching, were conducted on induction hardened automotive drive shafts with
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The Effect of Structure on Torsional Fatigue Strength of Surface
Hardened Carbon Steel
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ABSTRACT

Induction hardening increases hardness near the surface where it's most needed, and leaves the surface in

various case depths and loads applied in order to evalute the relation between structure and fatigue strength.
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Table 1 Chemical composition of specimen {(wt%)

C Si | Mn P S Ni Cr Mo
0.5110.2070.97]0.01 0.01}0.020.32 0.01“
A9 HMAzAE AR daked Al B

S
GALNE et 2ol AP} 4o 242
st

2.1.1 =22}o] ¥ (Normalizing)

ragetold 2 900CE $&35t0 1.54]
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2.1.3 T4+5}0{ d @ (Spheroidizing Annealing)

TAE o]dHZARS 700CE $& F 1587
Agsla Bt F, 7150C7A 5239 1583 #X
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+ FAAEE BT, A9 dA A F
FH9] AR E et Ul Ax7t2E Y
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Table 2 Hardness of specimen (SAE 1050M)

Heat .. | Quenching, |Spheroidizing
Normalizing . .

treatment Tempering | Annealing
Microstructure| Pearlite Sorbite | Spheroidite

Hardness HB 240 HB 280 HB 165
2.2 MBI =

AFHLE A AR PEE AFE 7)
AZVEe § 1339 RAAIE ok

7HEE AlEHY 842 Fig 19 23, Figle
79 ZEASAE F EYUHEE HRe 60 o4
ol A3}FZ o) HRe 508 A AR Y Hol=
2.5mm, 4.0mm, 5.5mm, 7.0mm’} HE= Y}

vl e AdHoE uAdd e 3l 44
o 2AME nFaEW F3} 24L& A3 1
FAFA = FYF A5 8.5Hz9] AbolE AH
(Thyristor) W2 o), 13w 71dAYY o] %
%8 ®stA) 7] Z(11.6mm/sec~18.3mm/sec) T Y A
H& A3 A AH120 kW ~ 185kW)R 3} ZHolg 23
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Table 3 Conditions of induction hardening (Case

depth 5.5mm)
Microstructure

Description

Pearlite Sorbite | Spheroidite
Progressive 13.3mm/sec | 18.3mm/sec [11.6mm/sec
speed
Input power| 165kW 165kW 165kW
EM Value 668 566 758
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Table 4 Specification of torsional fatigue test
(Automotive FWD Shaft)

. Applied Required
Test item Remark
load cycle
CASE! +2,100
High load A Nm
100 Cycles | 1 Hz
torsional fatigue | CASE| 32,260 Y
B Nm
CASE 250,000
+900 Nm
Low load A Cycles ¥
z
i i CASE 20,000
torsional fatigue £1.328Nm
B Cycles
CASE A to be applied to FWD Shaft with

JAEL(Johnson's Apparent Elastic Limit) load 2,100Nm.
CASE B to be applied to FWD Shaft with
JAEL(Johnson's Apparent Elastic Limit) load 2,260Nm.

Table - 5 Hardness and case depth after induction

hardening.
Prior . . .
. Pearlite Sorbite | Spheroidite
microstructure
Surface hardness
after
and HRc 59,60(HRc 57,58/ HRc 58,59
temhardening
pering
2.5mm 2.5mm 2.5mm
Case depth 4.0mm 4.1mm 4.Imm
(at HRc 50) 5.5mm 5.5mm 5.5mm
6.7mm 7.0mm 6.8mm
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Fig.3 Relation between case depth and cycles to
(load 1127Nm) after induction
hardening of each structure.
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Fig.5 Relation between case depth and cycles
to failure (load 1,800Nm) after induction
hardening of each structure.
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