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Abstract: High-frequency induction hardening (HFIH) is used in many industries and has a number of
advantages, including reliability and repeatability. It is a non-contact method of providing energy-efficient heat
in the minimum amount of time without using a flame. Recently, HFIH has been actively studied using the
finite-element method (FEM), however, these studies only focused on the accuracy of the analysis. In this
paper, we analyzed HFIH by using a variable frequency based on the conditions of the same shape and input
power then comparing the analysis results to experimental results. The analysis and experimental results
indicate that the hardening depths are approximately the same using the optimal frequency of 3kHz.
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Table 1 Target of hardening depth

Position Depth(mm)
“A” 4.8
“B” 7.5
“C” 6.3

axle lubrication

axle seal

oil level
(when full)

Fig. 2 Hardening position

Fig. 3= 159 FHlo] g4 2 7FsdHE |
[ e R R A -
AR AgE AYst A, sl Alse] AlE
& gl g7 AbdEel s Al ok
of Axg mEd| oate] Az} A & 5 9)
T AFEeH AFe A wEh nFy Fde

A B olFEErt 2dvbesta g EIE A
AL 4 A= Aotk Fig 4= 159 G
Als A

nFERE

N
L

N
=

Q0 W2 Y tlo to

-4
o oo

4 o

z

N

N

Jo

ki

N,
ol X o

k]

o N
i)

o, K

q

oo

=

-

[0 of =|

P i)
[o
i
-
oX,
i
=

MEe) YzpgA sk A

Induction Coil

Axle Shaft
Rotation

Fig. 3 Induction harding shape and drive the structure

Heat Exchanger

Quenching Oil W

Fig. 4 Induction harding equipment configuration

Air Line

L

Induction Coil —|

Cooling Tower

[Frequency
Generator

Body



210 A5 - G

A% 9 ZAe] AZ= SAE 1038 I FElojt},
Table 2014 A5e] W7 Ay 2 FA&E Y

B e 67

(3

Table 2 Material property

o, Electrical 1, Magnetic
Conductivity Permeability

(UG/m) (H/m)
Air 3x10° 1 1.26x10 ¢
Copper 5.96 % 107 1.26x10 ¢
SAE1038 6.99 % 10° 6.3x10 °
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Fig. 5 Analysis process in FEM

Fig. 6 Coil shape and dimensions
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Fig. 7 Distribution of the magnetic flux density
calculated from electromagnetic analysis
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Fig. 8 Comparison of FEA and experimental result
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Fig. 9 Temperature depth due to frequency
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Table 3 Comparison of target depth
NO G‘A’? ‘CB’7 “Cﬂ’
Target
denth 4.8 7.5 6.3
Depth i 57 )
1kHz (mm)
Error i 24 )
(%)
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1
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