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Characteristics of Micro-structure of Induction Heating Tempered Spring

Steel

Kazuhiro Kawasaxi, Takayo CHIBA and Takao Y AMAZAKI

Synopsis :

It was clearly shown in the previous paper that Induction Heating Tempering (IHT) showed an indepen-
dent effect on strengthening and toughening of Si-Cr spring steel (SUP12) apart from the effect of grain
refining by Induction Heating austenitizing and Quenching (IHQ).

So, in order to clarify the cause of the effect of IHT on strengthening and toughening the micro-structure
of IHT and Furnace Heating Tempered (FHT) materials was investigated. The results are as follows :

(1) The amount of grain boundary precipitation of carbide in IHT material is slightly less than that in

FHT material.

And in the case of comparatively higher hardness material such as HRC=53, carbide parti-

cle in IHT material is smaller than that in FHT material.
(2) These characteristics of micro-structure coincided with consideration about the mechanical prop-
erties, the nucleation and growth process of austenite from tempered structure, and the calculation results

about carbide precipitation.

(3) Retained austenite in IHT material is also effective for strengthening and toughening, but the effect

is less than that of carbide precipitation.

Key words : induction heating ; furnace heating ; spring steel ; temper ; micro-structure ; carbide particle ;

carbide precipitation ; retained austenite.
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Fig. 1. Schematic figure of heating-cycle con-

cerning to nucleation and growth process of auste-
nite (7).
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Fig. 2. Impact value of IHQIHT and IHQFHT
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Fig. 3. Impact value and hardness of IHQIHT and

IHQFHT materials tempered at various tempera-
ture.
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Photo. 1. Transmission electron micrographs of
(A) IHT(II) and (B) FHT(IF) materials.
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Fig. 4. X-ray diffraction pattern of extracted
precipitates from IHT(II) materials.
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Photo. 2. SPEED observation of carbide precipitates in IHT(II) and FHT(IF) materials.

HRCN

783 K x 10s

673 K x 3

ks

o Gl i

6 ks 620 K x 360 ks

(Tempering temp. x time)

Photo. 3. SE image of extracted carbide precipitates from IHT(II) and FHT(IF) materials.
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Photo. 4. Nucleation and growth process of y from (A) IHT, (B) FHT, and (C) IHQ material.
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Fig. 5. Particle size of extracted carbide precipi-
tates from IHT(II) and FHT(IF) materials.
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