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Abstract

Current need of weight reduction in automotive part increases the application for high strength steel (HSS). The various
types of high strength steels have been used to produce chassis part, control arms and trailing arms for weight reduction
and increasing of fatigue durability such as dual phase steel (DP) and ferrite bainite steel (FB). But, DP and FB steels have
proven to show inferiority in durability as well as press formability. Edge cracking occurred often in flange forming and
hole expansion processes is the major failure encountered. This paper discussed the behavior of edge stretchability of high
strength steel of DP and FB steels. Experimental works have been conducted to study the effect of punch clearance and
burr direction on hole expansion ratio (HER). Also finite element simulation (FEM) has been preformed to clarify the
mechanism of flange crack and support the experimental results on HER of DP and FB steels. It was simulated the whole
process of blanking process following by hole expansion process and ductile fracture criterion named the modified
Cockcroft-Latham model which was used to capture the fracture initiation. From the hole expansion tests and FEM
simulation studies it was concluded that ferrite bainite steel showed better stretch-flangeability than dual phase steel. It
was attributed to the lower work hardening rate of ferrite bainite steel than dual phase steel at the sheared edge.
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Table 1 Tensile properties of tested materials Z2& Aot AA HEgA oo Alg %
Materials YS TS El n R, PSS grst "edsdy ng=Ae] I A
(MPa) | (MPa) | (%) At A g e wEl ARA|RE )
SAPH440 2.3t 350 | 441 | 29 | 019 | 107 A8-ol 3L 9tk Table 1 = ¥ 10l A8 A&
FB540 2.3t 490 543 | 25 | 0.125 | 0.98 Aol AFAE S T3l 5L wud AEE, 4
FB590 2.9t 530 | 615 | 21 | 0107 | 093 TAtel A4S A 230 ¢ 20t of FEAE, 1Y
I oAl H o|WAAIFE -7
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Fig. 1 Stress-strain test curves of HSS

Table 2 Failure strain at tensile tests

Materials (Ef )uniaxial
FB590 2.9t 0.682
DP590 2.3t 0.614

Die
Blank
Hi
¥, = Punch velocity
# = Punch angle (conical)
iy = Blank holder diameter
d, = Pierced hole diameter
d, = Punch diameter (hemispherical)
1, = Blank holder lorce
d, = Die diameter
1, = Die radius
Fig. 2 Hole expansion test and its machine
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A : Hole expansion ratio (%)
Do: Original hole diameter (10mm)
Dh: Hole Diameter after fracture (mm)
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Hardness distribution

Hardness(Hv)

: Di;-tar;r.é[m;ﬂl -
a)FB590, t2.9mm, 13.5%
Hardness distribution

Hardness(Hv)

3 35 4 45 5

Distance({mm)

b) DP590, t2.3mm, 13.5%
Fig. 3 Blanked edge shapes and micro-hardness
profiles of the FB590 and DP590
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Fig. 4 Typical fractures of FB590 2.9mm materials
observed in hole expansion test for various
clearances: a) Laser b) 2% c) 9% d) 13.5%
e) 22.5%

Fig. 5 Typical fractures of DP590 2.3mm materials
observed in hole expansion test for various
clearances: a) Laser b) 2% c) 9% d) 13.5%
e) 22.5%
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Fig. 8 FEM modeling for punching test
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