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Abstract : This study demonstrated that local heat treatment enhanced the energy-absorbing capabilities of bumper beams that are
made of high-strength steel. When the metal is employed to bumper beams, structural stiffness and strength are raised, though the
energy-absorbing performance is doubtful. Softening the steel locally through induction, heat treatment was seen as a solution.
However, questions still remained on the location where it must be heat-treated and the appropriate level of induction power. Thus,
numerical simulations were carried out to calculate energy absorption with regard to the heat treatment regions and induction
power. To obtain material data, tensile tests were done on heat-treated steels based on several levels of induction power. As a result,
the bumper beam that was heat-treated at the center with the largest amount of power yielded the most ideal results.

Key words : Induction heat treatment(325=3}< # 2]), Impact energy(% = ol A]), High-strength steel(31732 7+ 2}), Bumper
beam(*H ¥ ¥l), Weight reduction(7d & 3})
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Fig. 1 Car body and bumper structure
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Fig. 3 Induction region of bumper beam (Center region)
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Fig. 4 Induction heat treatment region
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Fig. 5 Test specimen dimension

(a) Heat treatment setup

(b) Infrared thermographic monitoring

Photo. 2 Specimen induction heat treatment

Table 1 Induction heat treatment system specification

Induction generator

50 kW, 100 kHz

Chiller

10 hp

Robot

3axis, 165 kg
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Table 2 Temperature on induction power for 1.7 GPa steel

No. Induction Power (kW) Temperature (°C)

1 3.5 237
2 4.0 300
3 45 470
4 5.0 510
5 5.5 520
6 6.0 540
7 6.5 560
700

600

500 —

©
g
g //
5 400
2
s
g 300
£
© 200
100

3.5kW  4.0kW  4.5kW  5.0kW  5.5kW  6.0kW  6.5kW
Induction power(kW)

Fig. 6 Temperature on induction power

aFv &Y 2 AHY] 255 S48 98, o
Tk dA g Al Ao 22 B A3 | etE o] &
31912, Table 29} Fig. 6l 4 A 3}= urﬁmoaq il
T3 £ 4.5 kw o]l M= 2271 343 S718EA

4.5 kw ool M= 227F 577 =8k Ak

o

=
A]&-& Photo. 39] 25ton-§ 2] 3
o] KS B 0802 55 A1 5 AAIE Wol wet A|d S 5
Y3}

Photo. 3 Material testing system and tension test
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Table 3 Material properties influenced by induction power
Induction power Elongation Tensile strength
(kW) (%) (MPa)
No heat treatment 4.98 1,826
35 5.44 1,355
4.0 5.46 1,212
4.5 5.94 1,066
5.0 6.03 1,019
5.5 6.13 972
6.0 6.43 924
6.5 6.78 885
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Fig. 7 Bumper beam 3D crash analysis model
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(a) Deformation shape after collision

(b) Stress distribution after collision

Fig. 9 Deformation mode (Induction power 6.5 kW)

Table 4 Impact energy on heat treatment power

Induction power (kW) Eabs (J) Eabs / Eini (%)
No Heat-treated 4,239 74.3
3.5 4318 75.8
4.0 4,477 78.8
45 4,781 84.6
5.0 4,830 85.6
5.5 4,847 86.0
6.0 4,856 86.2
6.5 4,885 86.9
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