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Blank Shape Design Process for a Hot Stamped Front Pillar and
its Experimental Verification
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Abstract

Hot stamping is a forming method that offers various advantages such as superior mechanical properties, good
formability, and very small springback. However, relatively large-sized parts, such as front pillars, exhibit poor
formability when hot stamped due to the limited material flow and thickness reduction imparted by the process. This
reduction in thickness can also lead to cracks. One of the reasons is the relatively high friction between the sheet and the
die. In this study, in order to obtain the optimal conditions for hot stamping of front pillars, various process parameters
were studied and analyzed using the sheet forming software, J-STAMP. The effects of various parameters such as the die
structure, blank shape, blank holding force, punch speed, clearance(upper and lower dies) and distance block were

analyzed and compared.

Key Words : Hot Stamping, 22MnB5, Hot Press Forming, Boron Steel, Die Structure, Blank Design
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Table 1 Mechanical properties and initial dimension
of the blank

Blank material 22MnB5
Initial .
. . thickness, t (m) 0.0014
dimension
Density, p  (kg/m?) 7830
Heat capacity, Cp (J/kgK) 650.
Thermalconductivity, 32
Blank k (W/mK) '
properties
Linear expansion, a (1/C) 1.3e-05
Young’s modulus, E (GPa) 100.
Poisson’s ratio, v 0.30
P —

P~

(a) 2D surface model of front pillar

(b) Draft view and detail view of front pillar
Fig. 1 Shape and detail view on front pillar
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Table 2 Simulation conditions for variation of process

parameters
B \ 5
Con.Num. Dy (mm) ( k|\f] ) (mrr?/s) (mm)
1 0 5 100 100
2 0 10 100 100
3 0 20 100 100
4 0 30 100 100
5 0 30 110 100
6 0 30 120 100
9 04 30 110 110
10 04 30 110 115

Table 3 Process parameter values for hot stampimg
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A=1.4mm + Db
(Db = 0mm, 0.4mm)
< Distance block =

o

(a) 1 step (b) 2 step

(d) 4 step

(¢) 3 step (B = 70mm, 40mm, 20mm)

Blank Binder 777 7 7 Pad
Upper Die Lower Die [N

(b) Form type die
Fig. 2 Schematic die structures to apply hot stamping
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(b) Thickness map in form type die
Fig. 3 Thickness map according to die type
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Fig. 4 Schematic algorithm for optimum blank shape
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(a) Simulation result and thickness map
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<section 1> <section 1>

(b) Section view of section 1 and 2

Fig. 5 Designed blank shape from initial blank line of
the form type die
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Fig. 6 Determine offset line to make trimming allowance
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minor strain

12 10 08 08 04 02 Db 02 04 08 08 15 12
minor strain|

(b) 8= 20mm
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stran|

(¢) 6 =30mm
Fig. 8 Forming limit diagram according to different
offset
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Blank line after stamping

Blank line before stamping
(a) Deformed path
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Modified line
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(b) Modifed Line
Fig. 9 Deformed path and modification of blank line
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N
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(a) 13" modified blank line
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(b) Thickness reduction map in the 13" blank line
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Fig.11 Final blank shape and tickness reduction map
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(a) Proto type front pillar and expression of main
fracture positions
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(b) Main fracture positions in simulation results
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Fig.12 Manufacture prototype front pillar and confrim
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