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Giga-cycle Fatigue Properties of Induction Hardened 0.40% C Carbon Steels

Takayuki ABE, Yoshiyuki FURUYA and Hisashi HIRUKAWA

Synopsis : Giga-cycle fatigue tests were conducted for two heats of induction hardened 0.40% C carbon steels. The fatigue testing types were rotating

bending at 100 Hz and ultrasonic at 20 kHz. The fatigue test specimens were uniformly induction hardened from the surface to the center.

The induction hardened 0.40% C carbon steels revealed fish-eye fractures whose origins were mostly a TiN inclusion in case of heat A and

entirely an ALO; inclusion in case of heat B. In case of rotating bending fatigue tests of heat A, surface fractures also occurred at over 10°

cycles, while that type of the surface fracture never occurred in case of the ultrasonic fatigue tests. When the ultrasonic fatigue tests were

compared with the rotating bending, focusing on the results of fish-eye fracture, the ultrasonic type showed slightly higher fatigue strength in

case of heat A in spite of good agreements in case of heat B. However, the difference in case of the heat A was so small as to be in scattering

of the results of heat B. Moreover, effects of pre-treatments before the induction hardening were also investigated in heat B. In this case, the

fatigue tests were additionally conducted for induction hardened specimens with a pre-treatment condition of only normalizing (N-IH), while

other tests were of normalizing, quenching and tempering (Q-IH). As the result, difference between N-IH and Q-IH was negligible, showing

no influence of the pre-treatment condition.

Key words: giga-cycle fatigue; fish-eye fracture; induction hardening; carbon steel; frequency effect.
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Table 1. Chemical compositions of the steels.

Heat Element (mass %)
c ['si [mMn [ nNi]oer
A 0.37 | 0.190.70 | 0.02 | 0.12
B 0.41 ] 0.21|0.74 | 0.01 0.05

Table 2. Heat treatment conditions. (a) Pre-treatment, (b)
induction hardening.

(a) Pre-treatment

Symbol [Heat| Normalizing Quenching Tempering
Q-1H A,B |855C,0.5h,AC [ 855C ,0.5h,WQ | 550°C,1h,WC
N-TH B |855%C,0.5h,AC —_— —_—

(b) Induction hardening

Induction quenching Tempering

1040°C, 50kHz,3.0s,WQ|180°C,1h,AC
R40©
vy ©
. Hilm
(a) Rotating bending
R31 A @
<
= ]
2 EES

(b) Ultrasonic

Fig. 1. Profiles of fatigue test specimens, mm. (2) Rotating
bending, (b) ultrasonic.
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Fig. 2. Microstructure before induction hardening. (a)
Heat A, Q-IH, (b) heat B, Q-IH, (c) heat B, N-IH.

Table 3. Mechanical properties.

Vickers Tensile
Pre-treatment | Heat | Hardness | Strength
HV o g(MPa)

Q-IH A 585 1909

B 585 1958

N-IH 578 —
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I EA I U 72 K B S40C D X A 4 & L IEH R

Heat A, Q-TH

(a) Hea , -lH

(¢) Heat B, N-IH

Fig. 3. Microstructure after induction hardening. (a) Heat

A, Q-IH, (b) heat B, Q-IH, (c) heat B, N-IH.
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Fig. 4. Cross-sectional hardness distribution of specimens
after induction hardening.
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Fig. 5. Statistical distributions of inclusion sizes measured on polished surfaces. (a) Heat A, (b) heat B.
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6. S—N diagrams under 100 Hz rotating bending and
20 kHz ultrasonic for Q-TH. (a) Heat A, (b) heat B.

Fig.

BEREF R 2E@mE R L T 5,

Fig. 702, & — b BO N-IHRIEM OBEHE TR L Q-
TH AL 83 oD [ SR o 92 5 M M I O 8 0B 7 R 1 % B2
TRNT o N-THRVER b4 0 8 5 I8 57 e M 0D N R RS L 13
ALO, TTTEI A KE 3T, 1R TINTTEM A H - 7=, i



1200
= S40C, Heat B
< 1000 S of o
a4
= 900 ° o 0 o
< 800 O eu &
3 700 © *0 o
s o o 5:
© 600 o) Co * °
= =
= 500( ’
(o)
g
o 4001
A (O 100Hz Rotating bending(Pre-treatment : Q-1H)
g > 20kHz Ultrasonic(Pre-treatment : Q-IH)
n 4 20kHz Ultrasonic(Pre-treatment : N-1H) T: TiN inclusion
300 I RN | N N ReTi] Lol L1l Lot gl Lol
10° 10 107 108 10° 10"

Number of cycles to failure, N

Fig. 7. S-N diagram under 100 Hz rotating bending and
20 kHz ultrasonic for N-IH and Q-IH of heat B.
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Fig. 8. Fractographs of fish-eye fracture origin for Q-IH.
(a) Heat B, ultrasonic, Al,O, inclusion, (b) heat A,
rotating bending, TiN inclusion.
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Fig. 9. Statistical distributions of inclusion sizes measured
on fracture surfaces.

LTW32, $980uma#iz 3 K% L EWIEE» 554t
NBHAETRL T 5, IhE Iz KRELNEDES
ABH, EREDO RS LERS SNBSS (R
RKEZONEY) ONEVHEBRICERLENEIR L
Mote, £, EHREDR OGO INEDTED IR
Varea,, =33 um T& %A%, Fig. 51278 L2 B#if L TONTE
VRERBRICEIRANED T EOHEMIZL — BT
16umTHh 5, IholIHERROICE-FHL LD, H
i b TR X W - R R S TR IE X N = EY
TELDH2BERERES E->TW5B, &, TINIEY
DWW TUEBEE L3037 U S S EM 2R B3 B 2 O BERR
ENH B0 SFEOBNTIITH - 72,

Fig. 1012 & —  AOEIERETRER - CR IS L 22 im
DWHFER EEFEOMME %2R ¥, Fig.10(a) 1358 H ik T& T
PR L 7-B%TH, Fig 10(b) 2 RFF Mk CRMPEIE L 2w T
b5, REMBTEREIEL -HA TS, MEERASE
CRIBRY y MIERD O NT, BERME KRG TOE
AR LR TH - 72,

4. ZE
4.1 HEMOXHY A 7 IVESEYE

A g S R L B T 108l & 10° 3] 1S
JTEEBEESHBR L ZRIEDOTERT S, Z0K5 %
ERMARICE T 5 ZEPEEILATR'Y 01X s SuP7 O [[)#x
HPERFREIC W TE RoNz, ZORICIE, BEMNE
FRUETEREFGBETORAEBIE IR W r 272l &
5, KABBOREBIZL2 DML 2, ARD
SACHITEERDMER AR OEN B Z & 25, RIFD AR
JGEOHELE L N5, BHEWHEE U108 M~ 107\ E

779 N



I 780

§% & 48 Tetsu-to-Hagané Vol. 93 (2007) No. 12

(a) Heat A, Ny=1.2x10°

(b) Heat A, Ny=9.1x 108
Fig. 10. Fractographs of surface fracture in rotating bend-

ing fatigue tests for Q-IH. (a% Heat A,
N,=1.2X10°, (b) heat A, N;=9.1X10°.
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fracture originating from a large Al O, inclusion
above 30 ym in size.
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