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Tempering Behavior of 0.45% Carbon Steel Treated by a High Frequency Induction
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ABSTRACT

The tempering behavoirs of 0.45% carbon steel treated by automatic progressive high frequency
induction hardening equipment have been investigated. In order to examine the correlation of hardness
with both tempering temperature and time, simple regression analysis has been made using the statistical
quality control package.

The maximum surface hardness value of induction hardened zone and its effective hardening depth
have been determined to be Hv 810 and 0,76mm, respectively. The hardness obtained after tempering
has been shown to vary lineary with tempering time at six different temperatures. The activation
energies during tempering have been calaulated to be 25.34kcal/mole, 32 73kcal/mole and 49 24kcal/
mole for HRcs 60, 50 and 40, respectively, showing that tempering process occurs by a complex
mechanism, The tempering hardness equation of H=90,113~4.531x10"* [T(11.996+log t)] has proved
to be in a reasonably good agreement with experimently determined data and it is also expected to be
useful for the determination of tempering treatment conditions to obtain a required hardness value,
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Table 1. Chemical composition of specimen, (wt.9%)

C Mn Si P S Ni Cr Al

0,451 0,21 | 0,73 |0.018{0.067 0.01 | 0.03 | 0.058

Table 2. Experimental conditions for progressive
high frequency induction hardening,
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Fig.1. Shape and size of work coil.
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Photo 1. Optical microstructures of induction hardened case at the following distances measured from the

surface ;

(a) 0.03mm,

(b) 0.2mm,

(¢) 0.4mm,

(d) 0,5mm,

(e) 0.6mm, (f) 0.8mm, (g) 1.0mm, (h) 1.2mm
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Photo 2. Optical microstructures taken at 0.03mm below surface from medium carbon steel induction hardened
and then tempered in the following conditions ;
(a) 150°C x30sec, (b) 150°C x600min, (c) 3007TC x30sec, (d) 300°C x600min, (e) 500°C x30sec. and (f)

500°C X 600min.
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Fig.3. Relationship between hardness and the log of
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Fig 5. Flow diagram for the calculation of material
constant,
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