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Forming Characteristics of Laser Welded Tailored Blanks II :
Stretch Flange Forming Characteristics

K.C.Park, S.S.Han, K.S.Kim and O.Kwon

Abstract

In order to analyze the stretch flange forming characteristics of tailored blanks, laser welded blanks
of different thickness and strength combinations were prepared and hole expansion tests were done.
The stretch flange formability of laser welded blanks was reduced as increasing the deformation
restraining force (strength X thickness) ratio between two welded sheets. Simulation of stretch forming
mode deformation and comparison with experimental results showed that the stretch flange formabili-
ty was influenced not only by the difference of the deformation restraining forces between two base
sheets but also by the difference of the deformation restraining forces between base sheet and weld.
Therefore, the stretch flange formability was reduced more rapidly than tensile elongation as increas-
ing the deformation restraining force ratio. It was also found that simulation of stretch flange forming
was more accurate when material properties of weld was given.
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Fig. 1 An example of stretch flange mode deformation
(body side ring). In order to reduce material cost,
generally, designers try to locate the weld line at the
stretch flange deformation part
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Table 1 Base sheets of tailored blanks and its effects on forming
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. contact
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Table 2 Specimens used for laser welding and their chemical components

Grade t Chemical Composition (wt%) Cea
m) | C Si{Mn | P S (wt%)
cQ 07510003 | 001|008 | 0014 | 0013 | 0017
100{0003| 0[010]0014 | 0012 ] 0020
12000002 | 0 (007 {0015 | 0009 | 0014
1600004 | 0005|0012 | 0011 | 0012
CHSP3E | 0.71 10004 | 001 065 | 0042 | 0006 | 0.113
CHSP40R | 1.01 | 0047 | 001 | 051 | 0082 | 0013 | 0,132
CHSP60C | 1.20 [ 0.084 | 046 150 | 0018 | 0008 | 0.353
*) Ceq(wt®) = C + Si/24 + Mn/6

Table 3 Averaged mechanical properties and hole expansion ratios of sheets

specimen s TS Bl I1s%  |M10-20% O(knfjinﬁ?)g ‘C;I(r(t:eﬂ > :::;eansion
2 2 0, - 0" &n.

(kaf/mm’)| (kgf/mm) | (%) K ., 2 Tratio (%)
CQ 075t | 17.1 30.3 443168 | 0.234 | 56.52 | 0.00928 | 02683} 1099
CQ 100t | 19.8 31.7 402|140 0211|5698 | 001112 |0.2437] 1057
CQ 120t | 18.7 29.8 4421160 | 0222 | 54.90 | 0.01571 | 0.2640| 1214
CcQ 160t | 178 293 475(1.34 0.226 | 54.57 | 0.01339|0.2682| 1251
C;StPSSE 22.9 36.6 383(1.75| 0219 | 66.85 | 0.01317 | 0.2549] 922
ClHOStP‘l()R 33.1 43.1 30.1{1.0310.172 | 74.63 | 001663 | 02176 764
CIHZStPSOC 45.7 578 23.9(0.97 | 0.167 |103.59 | 0.02196 | 0.2312| 343
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Fig. 2 Hole expansion test specimen and tooling
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Fig. 3 Modelling of hole expansion test. Weld width is
0.6mm. (a) finite elements of sheet with 0.71mm
length element edge at hole. (b) finite elements of
sheet with 0.24mm length element edge at hole near
weld. (c) sheet and tools
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Table 4 Hole expansion ratio of tailored blanks

] ole expansion | crack occurred
Combined sheets ratio (%) sheet
CQ 0.75mm 76.5 CQ 0.75t
CQ 1.00mm 87 CHSP33E 0.7t
CQ 1.20mm | CHSPRE 07mm ——oq0 CHSP3SE 07t
CQ 1.60mm 135 CHSP35E 0.7t
CQ 1.00mm 383 CQ 0.75t
CQ 1.20mm | CQ 0.75mm %1 CQ 0.7t
CQ 1.60mm 189 CQ 0.75t
CQ 1.0mm | CQ 1.0mm R4 CQ 10t
CQ 10mm | CHSPAOR 1.0mm 06 CQ 10t
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(a) CQ(1.0t) (b) CQL.OH-CQU.0t) (c) CQ(1.00)-CHSP4OR(1.0t).

Fig. 5 Hole epansion test specimens of single sheet and tailored blanks made by the same thickness sheets

Fig. 6 Hole expansion test specimens at three thickness ratio conditions
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Fig. 9 Strain distribution at the hole edge for CQ-CQ
tailored blanks
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Fig. 11 Strain state and deformed shape of hole expansion test with 0.75mm-1.0mm thickness tailored blank
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Fig. 12 Strain distribution and forming severity at 11mm punch height of hole expansion test with 0.75mm-1.0mm thickness
tailored blank. Material property of welded part is not considered
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Fig. 13 Strain distribution and forming severity at 8mm punch height (20% hole expansion ratio) of hole expansion test with
0.75mm-1.6mm thickness tailored blank
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Fig. 14 Strain distribution and forming severity at 17ram punch height (108% hole expansion ratio) of hole expansion test
with 1.0mm-1.0mm thickness tailored blank
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Fig. 15 Strain distribution and forming severity at 14mm punch height (88% hole expansion ratio) of hole expansion test
with 1.0mm-1.0mm thickness tailored blank. Dense mesh near weld was used
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Fig. 16 Strain distribution and forming severity at 18mm punch height (131% hole expansion ratio) of hole expansion test
with 1.0 mm thickness single blank
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