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Effect of Heating Conditions and Ar” Transfdrmation on
Residual Stress of Induction-Hardened Steels.

Hachiro HoMmma

Synopsis:

‘Experiments were made on the residual stress of induction-hardened steels that affect
mechanical properties, particularly fatigue limit, and quenching crack of them.

Although this problem has been reported in many papers, the author studied each function
of thermal and traﬁéfor’mational stress that may be generating cause of residual stress when
the steel was induction-hardened. ’ '

Using pure iron, various carbon steels, carburized iron, 13Cr steel and Fe-Ni alloy, the

- author measured the residual stress of cylinders made by the above materials that were
induction-hardened under various heating and coohng conditions, and considerd quahtatwely
the generating mechanism of mternal stress.

From the results, the author made clear the behavmr of the residual stress when steel
shafts had been induction-hardened.
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Table 1. Chemical composition, dimension and heat treatment of samples used.

R Chemical composition (%) Diameter ‘
Experiment [Materials ' of materials Preliminary heat treatment
C Si | Mn | P S (mm §)
. |Pure iron/0*0086| 018 | Tr. - 0*007| 0°009 iSmm 950°C X 1 h - slow cool.‘
Conventional " "g2qyc"|g-21 | 022 | 0%61 | 0%023] 07019 ” 850°C X 1h ”
. SK7 0°63 033 | 0%44 | 0°017] 0°014 R4 4 . 4
hardening SK3 . |1°02 | 0°25 | 0°47 | 0015 0°011 ” v v
|pure iron0-008¢| 0+18 | Tr. | 0°007| 0%009] 0%
ol T (ingot) 950°Cx2h slow cool. -
, ' ' _ 850°C x2h slow cool.
S20C |0°17 0°30 | 0°48 |.0°010| 0014 55mm 850°Cx 1h oil quench.
‘ 650°Cx2h fce. cool.
Inductic ' ” ”
nduction S$35C 035 | 0°23 | 0°70 | 0°017| 0*027 ” ” v
. V2 VRN
hardening v »
S45C 0+46 030 | 0°56 | 0°019| 0°018 4 i’/ 4
V] Y
. ‘ : Y V3
$55C [0°51 0°23 | 0°67 | 0°015| 0*019 4 {’/ 4
’ . 7 y
C | Si | Mn| Cr | Ni
Induction —Ni ' ~
heating— F;11(1:I; 0°12 | 0°23 | 045 20°50 70mm 1 800°Cx1°5h slow cool. -
hot bath - ;
quenching 950°C X 1h slow cool.
o 13Cr Steel] 0°13 | 061 | 0°55 | 12771 35mm 950°Cx 1h oil quench.
700°Cx 1*5h 4
S AT U3 3000 4 2oV, 300kW M-G type AL, EE—FERA Z L Ok X Y BN

DFIRH L WE S5mm X 10mm O—HT AV E

Table 3 1R T. BREABEACESTLHABF ORE»DL
N E D IRES A OBEIE, B OWE S S #7H

Table 2. Carburizing conditions. .
witemm § D& HIF, £TIC 0°3mm§ DT VXV
Carbon Mean. Cl " =y o BEMEEA, BHA Yy YS 7 THEEN
poten- |Carburizing conditions | . R depth ZEGRLIE. CORAE, BEERERBA OFEOMLEC
C. gas surface _ I BEELDDH IS wAhBED Cu BEEZIL O ELCA
: layer n, FRICEER DAL X 5 L
g | JmOx sh. slow cool) Csge | O'gmm (3) BALHOWE
# 1 930°Cx29h. slow cool., 0°92 .| 275 LPRGEADERICTE T HEHIGIE Heyn O 575 Tl
g I8 ~ 5 A < .
0°7% | 930°Cx 5h. slow cool. 0°62% | O*5mm RO HZPE L 7. OD%“@:’ KL 5 0°5mm
f %quwhsbwcm} 0°75 15 TOLER S TA L & —THEBESHHEIL, TOXRED
% 930°C X 30h. slow cool.| 0°78 | 2°5 . . e
SEBIS SR RD B DB L EdTe. Ik, HHElETEOR
Table 3. Conditions of induction hardening.
) Heating Heating Cooling
Experiment Iconlc\ilglons Fre- Gen. Gen. | Time |Air cool|Water spray/Flow rate| Temp. of
| e quency (V) (A) (s) time(s) time (s) | of water] water
Pure iron 1 3000 ¢/s1200~1400310~315| 10° 0 15 750cc/s 15°C
and 2 4 1050~1180[220~250} 15°0 0 15 4 4
carbon steels |° 3 4 900~1000{100~190| 25°0 0 .25 4 v
(%ag)]:lurizing y 1200 300 12°0 1°5 20 750cc/s 160°C
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carbon steels under various heating
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