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ARTICLE INFO ABSTRACT

Article history:

A laser line welder using a solid-state laser (Yb:YAG) has been manufactured for

Received 30 April 2014 joining ultra-thin cold-rolled steel coils in steelworks. The coils to be welded

Revised 16 June 2014 primarily range from 0.15 to 0.3 mm in thickness and 800 to 1,100 mm in width.

Accepted 14 October 2014 Because the steel plate is extremely thin, it is very important to control the stop

positions of the clamp at cutting and welding points. In this study, both hydraulic

Keywor ds proportional control valves and LVDT sensor embedded cylinders were used to

Lellser line welder (LLW) precisely control and monitor the positions of clamps with complementary

Disk laéer stoppers. As a result, the positions could be controlled within an error of £30 pm.

Ultra-thin steel plate Erichsen cupping tests on the welded joints show that the Erichsen index ranges

Continuous operation from 4.4 to 4.6 mm. Furthermore, the tensile strength of welding points is

comparable to that of the base metal.
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Fig. 1 Laser line welder of re-coiling line in steel process
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Fig. 3 Upper and lower camriage consisting of a laser welding
head, two laser cutting heads, a pilot roll and a planishing
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Fig. 4 Clamp structure of laser line welder
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Fig. 5 Target voltage to control the moving speed for each
section in the cylinder stroke of the clamp
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Fig. 6 Flow chart for monitoring the clamp positions and con-
trolling the moving speed
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Fig. 7 Change of welding and cutting positions due to the
fluctuation of hydraulic cylinder strokes
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Table 1 Parameters of laser line welder

Th(‘;kr;lfss Lase(r“l;)"wer Area of the weld (mm?) | 0.3
0.15 450 Christensen number (Ch) 210
0.18 660 Rykalin number (Ry) 438
0.2 880 Melting efficiency (Mm) 47.9%
0.25 1260 Power absorbed (P., W) 120.8
0.3 1500 Energy transfer efficiency (n:)| 26.8%
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Fig. 9 Relation between tensile strength and pinhole type of
weld defect for ultra-thin strip (a) samples of tensile tests
(b) tensile test results for different thickness of strips
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(@) (b) (©

Fig. 10 Erichsen cupping test results of the welding points on
the strip

Fig. 11 Cross section of the ultra-thin steel plate in a laser line
welder
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