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Benefits of optogalvanic effect and beam shaping for
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Abstract: To develop and refine the laser guided and stabilized ( LGS) welding process, the conductivity of
the electric arc must be maximized using laser radiation. The optogalvanic effect( OGE) is the leading factor in
controlling it, and if optimized it will lead to the stabilization of the electric arc. The OGE raises the probabili-
ty of ionization of the particles in the plasma, and thus, the conductivity of the electric arc. The interaction
between the photons of the laser and the Argon atoms through electron-atom collisions create charged particles.
The higher the rate of ionization is, the higher the conductivity of the electric arc. Many tests were conducted
to discover how to make best use of this effect. The position of the focus of the beam in relation to the work
piece, the shape of the beam, and the laser wavelength used were all taken into account.

Key words: optogalvanic effect;laser guided and stabilized welding ; Rayleigh length

SRR R A SE SR X B A TR RE
SERPBRERIG o

HERMSDORF Jorg, KAIERLE Stefan
(T B F G, DUE B 30419, £ )

FE N T IF R MBGHHEOEE S RUE SR EN T AR , 75 2558 2 O S f o) S fR IR B E ' AR AR 2 45 il
ZI RN EREE SR K S OUE R IR R e, G RUN $E R T 5 B T AR T B AR, AT B 5 T
ISR, ORI T R T =2 (8]0 H - SR T R JEE A BV ™ A T R T, BRI m  FRL I 5 H R g
R T I F R E RN, FRAT I 2 R A L RS A B SRR RSO K R

X B O ERABREHOLE FAAERE RA KA

FE 52 S: TG403 XEKARIZED A doi;10.3788/C0.20140701.0112

Y75 B #A:2013-10-11 ;1817 H#A:2013-12-13
H £ H : German Federal Ministry of Education and Research( BMBF) within the Framework Concept “Research for To-
morrow’s Production” ( No. 02PB2051 ) ; Project Management Agency Forschungszentrum Karlsruhe, Production

and Manufacturing Technologies Division( PTKA-PFT)



5513

J. Hermsdorf et al. :Benefits of optogalvanic effect and beam shaping for ------ 113

1 Introduction

The industrial market demands stable welding
processes with low investment cost and high process
speeds. To fulfil these requirements, the laser
guided and stabilized gas metal arc ( LGS-GMA )
welding process is developed. The objective for this
process is to stabilize the electric arc using only min-
imal power requirements for the laser. To achieve
this, the laser must increase the conductivity of the
arc, which is directly linked to its stability. After
careful testing of many different effects, it is found
that for continnous wave lasers the optogalvanic
effect(OGE) is the main reason for this positive in-
teraction''’ and was the best factor that could be
controlled to optimize it.

The state-of-the-art LGS process uses only the
electric arc for welding and uses the laser for sta-

21 The laser does not have

bilisation and guidance
enough power to create a welding process by itself,
but together with the electric arc, this welding
process can bridge gaps and weld at faster rates than
conventional GMA processes.

Tungsten inert gas(TIG) welding also increases
the stabilization of the electric arc, as researched by
Cui and proven by experimental resulis ™. The la-
ser radiation was switched on during the welding
process with an electric arc, which led to a drop of
the discharge voltage and a simultaneous rise of the
arc current. This change in the discharge character-
istics can be attributed to an increased conductivity
of the arc in the overlap volume of the laser beam
and arc column. The increased conductivity leads to
a higher energy input into the work piece because
less electric power is transferred into the plasma.
This energy input stabilizes and guides the electric
arc. To achieve this benefit, only 10 to 20% of the
total power input is required from the laser, and the
engaged laser radiation is used exclusively for the

stabilisation and guidance of plasma plumes from the

electric arc. The heat input from the laser is low be-
cause of the minor continuous radiation. The inter-
action between the laser and the electric arc increa-
ses the probability of ionization in the volume of o-
verlap of the two power sources( see Section 2). As
the frequency of the ionization increases, the con-
ductivity of the arc does as well. Therefore, for max-
imum stability, the OGE must be optimized.

The beam size and shape can be changed to
control the overlap area and focus of the laser. These
changes affect the OGE. Since the intensity of the
laser remains constant during these changes, it is
found that by defocusing the beam and adjusting the
profile more parallel, the area of overlap between the
beam and the electric is increased. This counter-in-
tuitive method increases the number of interaction
between the photons of the laser and the Argon at-
oms, which increases the conductivity of the arc.
Other laser processes also defocus the laser beam to
ameliorate the results, and in laser welding alumin-
ium, a high power density at the focus of the laser
beam causes the aluminium to evaporate, which pro-
duces spatters on the surface and poor bead appear-
ance'’’. By defocusing the laser beam, the power
density decreases and therefore, the weld quality

and appearance improves.

2 Optogalvanic effect

The OGE occurs when plasma is irradiated with a la-
ser beam. The laser light changes the population
density of the excited states of the atoms, which re-
sults in a change of the arc discharge current. Opto-
galvanic spectroscopy in gas discharge plasma can be

) It is different

used for wavelength calibration
from other charged particle detection techniques be-
cause of the presence of a sustained discharge with
an electron gas at relatively high temperature
(5800 - 116 000 K) """
the OGE can be described briefly as follows

The basic mechanism of

In a self-sustained discharge, the electron gas
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temperature is high enough to populate the excited
levels where free electrons and atoms or molecules
are in dynamic equilibrium. The result is a distinct
impedance and current. If the discharge is irradiated
with laser light that is resonant with the atomic or
molecular transition of the species, the atoms or
molecules are pushed towards the metastable levels.
Once the particles populate these levels, it is unlike-
ly that they return to their original states. Therefore,
the rate of ionization of those species increases due
to laser perturbed collisional ionization. The change
in electrical properties of plasma results in higher arc
currents or lower voltages depending on the power
supply.

As a result, the OGE leads to an increase in
conductivity of the electric arc and therefore directly
stabilizes the discharge. The OGE depends strongly
on the wavelength of the laser, since the laser light
is only absorbed if the photon energy matches the
energy gap between two atomic energy levels.

In order to optimize this effect, and therefore
maximize the stabilization and guidance of the elec-
tric arc, two factors must also be optimized ; the area
of overlap between the laser beam and the electric

arc and the wavelength of the laser.

3 Experimental setup

Originally, TIG welding was used. No filling wire
was used to better observe the interaction between
the laser beam and the electric arc. The TIG needle
was in contact with the work piece to ignite the elec-
tric arc, and was then lifted up to a predefined dis-
tance above the work piece. The laser head was
mounted at 26° to the perpendicular direction to re-
alize the maximum area of the overlap between the e-
lectric arc and the laser beam.

In the GMA welding setup, the welding head
was mounted at 60° to the work piece surface while
the laser radiation was installed upright from the

top, as seen in Fig. 1. This also maximized the over-

lap area.

Laser
head

Gas metal arc
welding head

(@

Work piece

Fig.1 Experimental GMA welding setup

The different laser systems used in the tests are
described in Tab. 1. All tests were carried out with a
the laser beam in a leading postion. The distance
between electrical arc torch and laser beam was be-
tween 1. 0 and 2.0 mm. Corgon gas, a mixture of
carbon dioxide and Argon gases, was used during all

welding experiments.

Tab.1 Laser sources parameters

Nd: YAG Diode Diode
lamp pumped laser(1)  laser(2)
Wavelength/nm 1 064 808 811
Used laser
400 360 380
power/ W

Beam quality/
ey 25 66 44

(mm mrad)

4  Experimental results

To optimize the stability in the electric arc, many
parameters were tested. Preliminary tests were done
using TIG welding. This was done to better observe
the interaction between the laser beam and the elec-
tric arc. Once proven that the laser stabilized and
guided the electric arc, the process was changed to
GMA welding. The main arc parameters were a cur-
rent of 90 A and a voltage of 17.7 V. With this
process parameters a maximum welding speed of

0.7 m/min was possible.
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4.1 Beam focus position

Initially , the position of the focus was tested. All in-
vestigations were conducted using the Nd: YAG laser
and the diode laser(see Tab.1).

Using the reasoning that the higher the intensity
of the laser, the better the resulting weld, the laser
beam was focused directly on the work piece with a
diameter of 0. 6 mm, as shown in Fig. 2. This in-
creased the welding speed and also the weld quality
when compared to ordinary GMA welding, as was

expected.

Laser
beam
Electric
arc
Work piece

Fig.2 Beam focus position on work piece surface

Raising the focus position to 4 mm above the
work piece, as shown in Fig. 3, the diameter of the
beam was between 1 and 2 mm on the work piece

surface. The focus diameter remained 0. 6 mm.

Laser

Electric
arc

Work piece

Fig.3 Beam focus position above work piece surface

Although the intensity of the laser decreased in
this setup, the weld unexpectedly had superior qual-
ity. This can be attributed to either the increase of
interactions between the Argon atoms and the pho-
tons due to the increase of overlapping area, or the

improvement of the interaction between the laser and

the work piece surface.
The focus of the beam was then moved to a neg-
ative position into the work piece, which is illustra-

ted in Fig. 4.

Laser

Electric
arc

Work piece

Fig.4 Beam focus position below work piece surface

The area of overlap was smaller, but the area of
the beam on the surface of the work piece remained
the same. This test did not result in a better weld,
so the conclusion was that the interaction between
the laser and the surface of the work piece was negli-
gible with respect to the welding results, whereas the
area of overlap between the laser beam and the elec-
tric arc was important. Therefore, the interactions
between the Argon atoms and the photons of the laser
were a driving force behind the increase in conduc-
tivity of the electric arc.

The focus position was raised again until the in-
tensity of the laser decreased sufficiently that even
though the area of overlap was quite large, there was
not enough interaction between the photons and the
Argon atoms to increase the conductivity of the arc.
4.2 Beam profile
Using a beam expander, the beam profile was adjus-
ted more parallel. This means the depth of the focus
(Rayleigh length) , which is the length of the beam
between the two points where the intensity is 50%
lower than the full intensity, is quite large. The
more parallel the beam, the longer the Rayleigh
length. This shape change increased the area of in-
teraction between the photons in the laser and the
Argon atoms. However, as the area increased, the

intensity decreased since the energy of the laser re-
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mains the same. Once the intensity was too low, the
frequency of collisions between the atoms and elec-
trons was also too low. This resulted in low conduc-
tivity and the stabilization of the arc decreased.

The optimum beam geomeltry is shown in Fig. 5
and was found to be a beam with a long Rayleigh
length, with the focus anywhere in the overlapping

area.

Laser

Electric
arc

Work picce

Fig.5 Optimum beam geometry: the beam is almost

parallel, with a long Rayleigh length

Since the Rayleigh length is quite long, the in-
tensity (W/cm”) of the focus of the beam is not con-
siderably larger than the intensity of the points at a
short distance from the focus. This means that as
long as the focus is somewhere in the overlapping
area, the conductivity of the arc will be optimized
regardless of where the focus actually is.

4.3 Laser wavelength

The OGE depends strongly on the wavelength of the
laser''’. The laser light is only absorbed if the pho-
ton energy matches the energy gap between two a-
tomic energy levels'®’. The Argon atoms easily ab-
sorb wavelengths of 810 —811 nm, with relative in-
tensities of 20 000 —35 000 "*'. Relative intensities
provide a qualitative description of what the emission
spectrum of a particular element in a particular( low-
density) source looks like. The higher they are, the
higher the chance of ionisation of the particles with
the corresponding wavelength. Contrastingly, the
relative intensity for the absorption of 1 064 nm
wavelength is approx. 7 and therefore it much smal-

ler than that for 810 =811 nm.

All previous experiments were done with a
Nd: YAG laser at 1 064 nm wavelength and a diode
laser at 808 nm wavelength. Both lasers showed an
improvement to the weld quality by a smoother sur-
face and less welding sparks. Compared to conven-
tional GMA welding, the welding speed was im-
proved to 1.0 m/min by using the wavelength of
1 064 nm and 1.5 m/min by using the wavelength
of 808 nm. The laser was then changed to a diode
laser at a wavelength of 811 nm, which showed an
increase in

even greater

1. 8 m/min.

welding  speed to

5 Conclusion

As experimental results show, the optimization of the
OGE leads to higher conductivity in the electric arc
and therefore, better stabilization. The OGE is af-
fected by the area of overlap between the photons
from the laser and the Argon atoms, the intensity of
the laser, and the wavelength of used laser. It can
be manipulated by changing the position of the focus
in relation to the work piece, changing the shape of
the beam, and using different wavelengths.

There is minor interaction with the laser and the
surface of the work piece, so the best focus position
is above the work piece. Although the intensity of
the laser decreases as the focus position is raised,
the area of overlap increases. This contributes to a
higher OGE and therefore raises the conductivity of
the electric arc.

A beam that is almost parallel (one with a long
Rayleigh length) also increases the area of overlap
without compromising too much of the intensity. This
geometry also maximizes the OGE.

Because Argon atoms absorb 810 - 811 nm
wavelengths quite easily, the diode laser (2), as
described in Tab. 1, maximized the conductivity in
the electric arc.

By capitalizing on the OGE, it is possible to in-

crease the conductivity in the electric arc and there-
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fore put more power into the work piece without the a stable, even weld that can be guided and operated

energy being absorbed into the plasma. The result is at greater welding speeds.
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