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Study on the characteristics of the plasma induced
by lap—joint CO; laser welding
of automotive steel sheets

Gi Jung Nam’, Ki Young Park, Kyoung Don Lee
Center for System Control and Laser Applications,

Institute for Advanced Engineering
ABSTRACT

In order to investigate the characteristics of the plasma induced by lap-joint CO. laser
welding of automotive steel sheets, the effects of welding speed, shield gas flow rate, gap
size, and laser beam defocus to plasma intensity emitted from keyhole have been
investigated. The plasma light is measured by fiber and photodiode. Also, the plasma
images were captured by the high speed digital camera in 1000frames/sec in order to
correlate the plasma light signal with plasma pattern.

From the results, it is observed that the difference of the plasma intensity for between
the deep penetration and partial penetration exists from 1.2 to 2 times. The plasma light
intensity decreased in case of the deep penetration is observed due to the exhausting of the
plasma gas under the sheet. On the other hand, under the conditions of the deep
penetration, the plasma intensity is significantly increased by controling the conditions
decreasing the penetration depth. It was specially founded that the effect of 0.3mm gap size
at partial penetration condition is approximately similar to deep penetration in Omm gap. It is
concluded that the plasma intensity is able to evaluate the penetration depth in lap-joint

welding and appears to offer the most straightforward correlation to the welding process.
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Table 1. Contents and Conditions of the

experiment

Experimental contents Experimental parameters
- Welding speed :
- Bare 390 steel lap 24, 2.7, 30,
oint welding: 3.3, 36, 39,
jomt welding: 4.2, 45(m/min)
1mm/1mm - Gap size :
_S}:CtE,N bead -on- 0, 0.1, 0.2, 0.3(mm)
gmi] e - Shield gas flow rate:
30~70 CFH
- Laser defocus: +4~-4
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Fig. 1 The schematic diagram of CO»

laser welding experiment
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Table 2. Cross-sections of lap-joint weld sheets(1mm/lmm) at several welding

parameters(Bare 390 steel)

1. Welding speed : 2.7m/min

2. Welding speed : 3.3m/min

3. Welding speed : 3.9m/min

Cross—sections of lap joint welding with gap=0Omm at several welding speeds

1. Gap size . 0.0mn

2. Gap size : 0.1mn

3. Gap size : 0.2m0n

Cross—sections of lap joint welding at several gap sizes

1. Defocus @ +3

2. Defocus : 0

3. Defocus : -3

Cross—sections of lap joint welding at several laser beam defocus positions
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Table 3. Cross-sections, plasma images captured by high speed digital camera at 1000 frames/

sec speed and plasma light intensity measure by fiber and photodiode at several

welding speeds
(a) 3.0m/min

(b) 36m/min

(c) 4.2m/min

L

e R
“ Rnline

T T TR T T
W elding Length(mm)

by high speed digital camera at 1000frames/sec speed

sity(a.n

Plasma Inten

Lb‘w LM M‘W

Weldmg Lenginimm

Plasms Intensity(s u

| b,

W egin |L |h(mm)

Plasma light intensity measured by fiber and photodiode along welding distance

Table 4. Effects of welding parameters such as gap size, shield

beam defocus on plasma light intensity

gas flow rate and laser

sl

Woelding Le |h(mm)

m«wh " J‘ J MJ

L Plagma atepsityla )

W elds ;L pgthimm)

agth(mm)

W oetdi ,L ‘h(mm\

Ar shield gas : 30CFH

Wwoeldi ‘L |h(mn)

Ar shield gas : 50CFH

Ar shield gas :

Gap size : 0.0m Gap size : 0.1mm Gap size : 0.2mm
Effect of gap size on PI at welding speed=3.6m/min
§i J

wgu...L nathimm)

70CFH

Effect of Ar shield gas on PI at welding speed=3.6m/min

if 5

Defocus @ +4

Defocus @ +1

i

Defocus : -4

Effect of laser beam defocus on PI at welding speed=3.0m/min
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