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Analysis of Side Wall Curl in Draw-bending of High
Strength Steel Sheet
Yutaka HAavasHt and Michio TAKAGI
Synopsis:

Geometrical defects observed in applying high strength steel sheet to auto-body structural members
with hat-shaped cross-section were studied using a simple experimental draw-bend die. One of the
typical troubles in forming of these parts is the side wall curl which appears along side walls from a
bottom to a top (or a flange) and deflects walls outward.

It was found that the side wall curl was eliminated by choosing the die profile radius about twice
as large as sheet thickness under the optimum die clearance.

A rather small die profile radius was advantageous for producing the reverse bending against bending

at the die profile.

This reverse bending contributed to reducing the side wall curl by cancelling the residual bending
moment in side walls which had been subjected to bending at the die profile. Such behaviour of
material between a die and a punch was an important fact pointed out in this investigation.

The other interesting observation was that the dual phase steel had a larger tendency to the outward
side wall curl than the precipitation hardening steel with the similar tensile strength. This difference

was also discussed in this paper.
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Fig. 1. Draw-bending process and side wall
curl of formed parts.
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Fig. 2. Practical measures for avoiding side wall
curl of parts.

Fig. 3. Experimental draw-bend die.
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Table 1. Testing conditions.

Die profile radius (ra) 1~10mm
Punch profile radius (rp) 5 and 10mm
Die clearance (e¢) 1.2~4.8mm
Blank holding load (BHL) 0~30t
Forming height (H) 75mm
Lubricant Mill oil

-

: Side wall curl
AW Inaccuracy in dlstancc of side walls at the open side

Fig. 4 Indexes of geometrical defect of hat-shaped
test pieces. - -
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Table 2. Mechanical properties* of experimental materials**,

Yield strength

Tensile strength

Elongation in

7 value

r value

Steel Mark (kef/mm?) (kgf/mm?) 50mm (%)
Mild steel MS30 15.5 28.2 52.5 0.280 1.87
Rephos. 40 R P40 26.5 41.9 38.5 0.202 1.58
HSLA 50 HS50 38.0 52.0 29.5 0.188 ' 0.67
Dual Phase 50 D P50 23.6 46.7. 35.0 0.237 1.21
HSLA 60 HS60 47.6 62.6 26.5 0.169 0.80
Dual Phase 60 D P60 36.5 65.0 28.0 0.188 1.07

* wyalues in rolling direction

**  sheet thickness; 1.6mm
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Fig. 5. Patterns of defects in profile of hat-shaped
test pieces.
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Fig. 6. Effect of die profile radius on side wall curl.
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Fig. 7. Effect of die profile radius on wallldistance
at the open side of hat-shaped test pieces.
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Fig. 8. Effect of die clearance on side wall curl.
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Fig. 9. Effect of blank holding load on side wall
curl.

o T fest 83
B a0
= N g 2.5_-& | without c.p.
< e
‘; 20 A e
LA -
g \ A 19 o0
0 &
2 VRot _aie
k=1 W O—o0—8=- 25.-4 \w.m c.p
— 10} \\ ..l/.- ’_—’. .
g \e AT 1
(= \‘ __,"
L )
,? 0 1 o8 . : '
s 1.0 1.2 14 1.6 1.8
3 (cst)
<
=
10

Fig. 10. Improvement of accurancy in wall distance
by adding counter pressure (C.P.) against punches
at the final forming stage.
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Fig. Il. Effect of counter pressure (C.P.) against
punches on side wall curl.
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Fig. 12. Profiles of side walls during draw-bending.
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Fig. 14. Effect of die profile radius on reverse
bending.
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