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Abstract :

To achieve lightweight design, research & development of various lightweighting technologies such as

hydroforming are underway worldwide. In the case of hydroforming, application of ultra high strength steel is essential
for weight reduction of the car. However, considering common high-strength carbon steel, it is not suitable to the actual
hydroformed parts since the lack of formability. DP steel offers an outstanding combination of strength and formability
as a result of their microstructure. DP steel has high strength and good formability but it’s difficult to secure stable
quality of welding section because of softening of weld section and chemical composition. Therefore, most of companies
use LASER welding when making high strength tube. Electric resistance welding is excellent production method for
steel tube manufacturing considering the productivity. Optimum electric resistance welding technology is needed to be
developed for application of high strength hydroformed parts using DP steel. This study is comprehensive research &
development from electric resistance welding to actual formabililty evaluation.
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(a) Trailingarm  (b) Front-sub frame (c) Side member

Fig. 1 Hydroformed parts in a car
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Fig. 3 General hydroforming manufacture process
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Table 1 Mechanical properties comparison

YP (MPa) | TS (MPa) | T-El (%) | n-value
DP780 550 810 21.0 0.12
0.35C-1.2Mn 695 784 15.0 0.08
Table 2 DP780 chemical compositions (Wt%)
C Si Mn S Mn/Si ratio
A 0.07 1.07 2.35 0.002 2.2
B 0.10 0.30 2.25 0.003 7.5
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Table 3 Electric resistance welding condition

of

Minimum Maximum
Input power 100 kW 400 kW
Welding speed 10 m/min 40 m/min

(a) 90' flatness test
Fig. 5 Electric resistance weldability test in field

(b) Expansion test

Table 4 Quality targets of welded tube

Flatness test
0' from 90' from Expansion test
Weld line Weld line
100% Less than More than
flatness 18mm (70%) 67mm (10%)

% Measurement : based on diameter
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Upper die

Lower die
Fig. 8 Modeling of free bulge
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Fig. 9 Electric resistance welding result of “A” material
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Table 5 Tube mechanical test results of “A” material

0' from
weld line

Flatness
test

90' from
weld line

Expansion test
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Fig. 10 Electric resistance welding result of ‘“B” material
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Table 6 Tube mechanical test results of “A” material

0' from
weld line

Flatness
test

90' from
weld line

Expansion test
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Fig. 11 Mn/Si ratio effect in electric resistance welding
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Table 7 Mechanical properties of tubes

YP (MPa) | TS (MPa) | T-El (%) | n-value
Welding | ¢ 869 6.6 ;
section
Ap
ase 580 832 18.9 0.10
section
Welding | ¢ 884 46 ;
section
B3
ase 570 825 19.5 0.11
section
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Table 8 FEA simulation results

Thickness Expansion Expagsion Burst

length ratio pressure

1.2 mm 9.2 mm 152 % 350 bar

A 2.0 mm 9.8 mm 16.1 % 720 bar
4.0 mm 12.5 mm 20.6 % 1,360 bar

1.2 mm 9.5 mm 15.7 % 320 bar

B 2.0 mm 10.0 mm 16.5 % 630 bar
4.0 mm 13.0 mm 214 % 1,250 bar
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Table 9 Bulge test results

Expansion Expansion Burst
length ratio pressure
A 6.0 mm 9.9 % 160 bar
B 9.0 mm 14.8 % 250 bar
VY
A material B material

Fig. 16 Specimens after bulge test
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