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Development of a 1.5 GPa Grade Sideouter through Hot-stamping Process
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Abstract : Various researches have recently been conducted on the depletion of fossil fuel and environmental regulation in the
development of automobiles. In order to comply with environmental regulations, lightweight technology to reduce the weight of the
vehicle body is essential for improving fuel economy. The crashworthiness and NVH performance of the vehicle must be satisfied
at the same time in order to meet the safety and performance requirements for the passengers. For the crashworthiness, it is
necessary to apply high strength steel. However, the formability of the high strength steel is low and the application of high strength
steel to the car body is limited. Hot stamping is a technology that involves heating the steel sheet over austenite transformation
temperature and directly quenching it in the cold mold. It can also secure crashworthiness, as well as formability for lightweight
technology. In general, a car body part consisting of various reinforcement and joining technology is required, but one-piece parts
were developed by applying hot stamping technology for weight reduction and strength enhancement. In order to achieve high
strength, a specific cooling rate(35 °C/s) is required for martensitic transformation in hot stamping of high strength steel. In this
study, the major variables of the hot stamping process, which are the initial temperature of the steel and the mold cooling rate, were
measured. In addition, the integrated type side outer, which satisfied both weight reduction and crashworthiness, was developed by

evaluating the crashworthiness through the drop impact test.
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Blank Holder
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Fig. 1 Forming analysis modeling of integral sideouter

Table 1 Material heat properties

Blank Hot stamping mould
Specific heat (J/kgK) 650 560
Thermal conductivity (W/mK) 32 28
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Fig. 2 IIHS crush test and condition



Fig. 3 Drop test simulating side crush test
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Fig. 4 A dimension of drop test equipment
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[ Equipment spec. ]

» Machine Height : 7.2 (m)
P Max. Drop Height @Max. Load

: The upper side ~ 4.5 (m)

P Guide Structure

L 60X 2, STB2(SUJ2) Tempered Steel
: Ball type Linear Bush (LMK60X4 / THK)

P Release System

: Air Cylinder Actuator with Mechanical Hook
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- | »[Force] Drop velocity [m/s] 3.84
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[ Acceleration ] Drop weight [kg] 400
Free
Fall Drop height

| —]

Stopper

Hi fast cam

Fig. 5 A concept of drop test and configuration

Drop weight : 400kg
Drop vel. : 3836mm/s

Fixed
(All the DOF are fixed)

Fixed
(All the DOF are fixed)

Fig. 6 Initial and boundary condition of drop test

Drop time of mould(4sec)
Material 750 800 850
femp.
Completion
of forming
Temp.
L0 478.5~582.1 513.1~616.4 534.9~658.6 6.0006+02_
5500e+02
5,000&002%
4500e+02 _
Completion 40006402
of cooling 3'500”02 1
3.000e+02
= 2500e+02
lemp.
range (°C) 271.9~295.9 274.7~310.2 289.5~326.5 :gﬁ
Cooling -
rate 21.9~286 23.8~30.6 24.5~332
(C/s)

Fig. 7 Forming analysis of hot stamping (mould fall time : 4s)
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Drop time of mould(2sec)
Material 750 800 850
lemp.
Temp.
(e
Completion 8500e+02
of forming 8.0006+02
7.500e+02
70006402 _
Temp. 6.500e+02 _
range (-C) 590.4~662.9 629.0~709.4 663.3~758.7 60006402 _
5.500e+02
5.000e+02
45006402
Completion 40006402
of cooling )
35006402
3.000e+02
25006402
Temp.
rangs (0) 3004~3285 315.9~3496 331.4~3702 ig«zz
Cooling 500e+a2 3
rate 29.0~334 31.3~36.0 33.2~389
C/s)

Fig. 8 Forming analysis of hot stamping (mould fall time : 2s)
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Development of a 1.5 GPa Grade Sideouter through Hot-stamping Process

Position 1 2 3 4 5 6 Y 8 9 10 1 12

Thickness | Experiment | 1.160 | 1.180 | 1.160 | 1.202 | 1.172 | 1.138 | 1.174 | 1.190 | 1.210 | 1.126 | 1.100 | 1.108

(mm) Analysis 1159 | 1162 | 1.181 | 1.183 | 1.129 | 1151 | 1.184 | 1176 | 1.192 | 1.122 | 1.093 | 1.113

emror(%) 0.086 | 1.525 | 1.810 | 1.581 | 3.669 | 1.142 | 0.852 | 1.176 | 1.488 | 0.355 | 0.636 | 0.451

Position 13 14 15 16 17 18 19 20 21 22 23 24

Thickness | Experiment | 1.008 | 1.084 | 1.176 | 1.204 | 1.208 | 1216 | 1.210 | 1190 | 1.126 | 1.030 | 1.058 | 1.170

(mm) Analysis 1.160 | 1.104 | 1.081 | 1.151 | 1.177 | 1.180 | 1.167 | 1.114 | 1.095 | 1.063 | 1.111 | 1.189

emror(%) 15.08 | 1.845 | 8.078 | 4402 | 2.566 | 2961 | 3.554 | 6387 | 2.753 | 3204 | 5009 | 1.624

Fig. 9 Comparison of thickness of experiment/analysis
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Fig. 10 Comparison of fracture shape of experiment/analysis

Transactions of the

-

| Shape Comparison of Experiment/Analysis |
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Fig. 11 Displacement and crush force of cooling rate

Table 2 Displacement and crash force of drop test

Condition Result

Type Height Mass Energy Disp Force

mm kg kJ mm kef

EXP 123.6 3515.2

750 400 2.94

FEM 123.8 3684.9

Error (%) 0.16 4.6
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