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Transient Arc Diagnosis with OMA

Yoshiaki ARATA *, Shoji MIYAKE **, Yasuo YOSHIOKA *** and Hidesato MATSUOKA *%*

Abstract

Spectroscopic study of a pulsed high current arc was performed with efficient usage of optical multichannel
analyzer (OMA). Not only spectral line profiles but also their spatial distributions could be detected quite easily shot by
shot. But at the gate mode operation of OMA, it is demonstrated that much care should be taken in the selection of
pulse waveform as well as its height for the correct profile measurement.

KEY WORDS:

1. Introduction

In the spectroscopy of emitted light from many kinds
of radiation sources, a photomultiplier has been most
frequently used as an electrical detector of photon sig-
nals. However when an emitter is a pulse source and
has a strong shot by shot variation, it is difficult to obtain
correct and reliable informations by using one photo-
multiplier. Sometimes multichannel photomultipliers are
applied to avoid this difficulty in conjunction with optical
fiber system, but it is very complex and a spatial or
wavelength resolution is not so good usually.

To solve these problems spectroscopic measurement
by using vidicon or image sensor has attracted much
attension in these days. It has given satisfactory results in
chemical research, for instance, but in the field of plasma
physics and/or discharge they began to use! ~3) this type
of a detector quite recently. We also studied*) already a
pulsed high current arc by using an optical multichannel
analyzer (OMA) of PAR. In our opinion it is very impor-
tant and favorable to apply this diagnostic method for
welding reseach : for instance the detailed study of many
kinds of arc heat sources, weld pool behavious emitting
different optical signals, and imaging of the dynamic
behaviours of EB welding and so on.

We give in this paper some experimental results based
on the application of OMA for the spectroscopic study of
a transient arc*) we have developed. Various important
problems are discussed for the correct measurement with
OMA and its utilities are also demonstrated by experi-
mental data.

(Transient Arc) (Spectroscopy) (OMA) (Spectral Line Profile) (Spatial Distribution)

2. Experimental Apparatus

2.1 OMA system

The OMA we use is composed of console (PAR, Model
1205A), SIT detector (PAR, Model 1205D) and a gate
pulser. The cross section of a SIT detector is shown in
Fig. 1. Optical signals passing through a monochromater
are amplified by image intensifier and stored on silicon
Anode

Image focus grid Silicon target

Fiber optic
plate
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*—Image intensifier-» r———— Vidicon tube ————

Fig. 1 Cross section of silicon intensified target (SIT) detector
(1205 D).

target. Vidicon enables us to make data processing of the
stored signal with, the console. The dimension of the
silicon target to be able to receive a signal is 12.5 mm in
length and 2.5 mm in width. It is channeled in length by
500 areas with 50% MTF resolution limit of 14 lp/mm. In
case of wavelength scanning of an optical signal, 500
channels are lined up in the wavelength direction of a
monochromator exit. So that wavelength resolution is
essentially limited by the inverse dispersion of a mono-
chromator. While when we want to know a spatial dis-
tribution of a selected spectral line, we first focus the
plasma image on the entrance slit of the monochromator
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so as to the lateral direction of the plasma is parallel to
the slit. By making 500 channels to be distributed parallel
to the slit image at the outlet of the monochromator, we
easily obtain a spatial distribution of the plasma. In this
case, however, we must notice that total intensity of a line
can be measured only when it is widened below 2.5 mm
on the detector surface.

In a transient spectroscopy we use a gate pulser. At
the real time operation the image intensifier is biased
negatively'to —9.0kV. At the gate mode operation the
negative bias is lowered to —7.5 kV. It makes the gating
on-off ratio to be 10*: 1. A high voltage pulse up to
—1.5kV is applied to image focus grid in Fig. 1. The
waveform and the pulse intensity affect the focusing
characteristics and PAR recommends to give the gating
voltage [Vg| > 1.2 kV.

2.2 Plasma source

Figure 2 shows the schematic diagram of plasma appa-

ratus?). A gas circulating system once evacuated below
E o Q E
»
7
—) ! (=
2 A T,

Fig. 2 Schematic diagram of plasma apparatus.

1x 1072 Torr is filled with He and H, gas mixture at
atmoshperic pressure. The compressor C gives the vortex
gas flow (¢< 1800 1/min) from the center in a quartz
pipe Q of 40 mm in diameter. The initial plasma is pro-
duced by a CW microwave (P; < 80kW', f =906 MHz)
through the waveguide WG. Dimensions of this plasma
vary with external parameters but typically they are 20 —
30 c¢m in length and 2 — 6 mm in diameter. For the high
current arc formation two electrodes E are inserted axi-
ally with the inter-electrode distance of 24 cm, satisfy-
ing a good contact with the initial plasma.
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2.3 Diagnostic system

Spectroscopic observation is performed side-on to the
central region of the arc as shown in Fig. 3. The V), —I,
characteristics is displayed to a synchroscope by a divider
and a Rogowsky coil. The main discharge is triggered
from OMA console to a condenser bank (100 uF, 10 kV).
Two 1-m monochromators (Mizojiri) are used with the
inverse dispersions of 8.0 A/min and 4.8 A/min. Also a
standard lamp (Eppley, Type-EP) is used for the calibra-
tion of a monochromator and detector system.

Ve
to Synchro.
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N

Streak ! Monochro OMA
STL f1~ -mator

d \!/’ Gate

_T_ Standard lamp(% . Pulser

Main Discharge OMA

C
T Console 1

Trigger Circuit

Fig. 3 Block diagram of diagnostic system.

3. Results and discussions

Before spectroscopic observation of the arc plasma,
we’ve made several calibrations of the SIT detector. First
the instrumental width was checked by using He-Ne laser
(A=6328A). In Fig. 4a) the optical signals are displayed
for real time and gate operations of the detector. At the
real time operation the halfwidth is only 2 channels but in
the gate mode it is widened to 4 channels. These widths
are, of course, very small and negligible compared with
those of several lines under study. In Fig. 4b) an
example is given of the wavelength dispersion of Hell
4686 line from the pulsed arc. It shows a typical Stark
profile and its halfwidth is much larger than the instru-
mental one in Fig. 4 a). Also is shown on the left side of
Fig. 4 b) an example of lateral distribution of Hell 4686.
Since the spectral halfwidth of the line is about 1.2 mm in
length on the detector surface, this spatial profile corres-
ponds to the total intensity distribution of the line. A
good transient spatial profile of the emitted photons is
thus obtained sucessfully.

As for the uniformity of the optical response of the
detector along channels, we checked it by scanning the
laser light on the monochromator and confirmed the
flatness of the response for both real time and gate opera-
tions.
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a) caribration A=6328 A (He-Ne laser)

real time
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spatial distribution wavelength scanning

o -
“03‘?"?""‘”""

k—500 channel—] k=500 channel—

gate operation
tg=10psec
Vg =-1.35kV

Fig. 4 Calibration signals of the detector and examples of a line
profile and a spatial distribution of Hell 4686 under study.

Figure 5 shows examples of OMA signals with the
wavelength dispersion. In the middle of the upper part of
the traces is also shown V), —I, characteristics. Stark
broadened profiles of various lines are given in the central
and the lower parts, from which we can decide electron
density n,. The electron temperature T, is calculated
from the total intensity ratio of Hell 4686 and Hel 5876
with CR model.

While a time development of Hell 4686 spatial distribu-
tion at P; = 20 kW is shown in Fig. 6. As is clearly seen the
ion line begings to emit steeply at r>6uS and after
t 2 10 p S strong deformation occurs owing to the growth
of helical instability. Meanwhile at P; =40 kW a slower
increase of the ion line is observed and the instability
growth is delayed to # > 13 uS. Since the increase in P;
brings forth that of the initial plasma diameter, a larger
microwave reduces the current density of the pulsed arc
and less heating is observed with a better stability.

We can thus measure quite easily emitted optical
intensity profiles with a good S/N ratio. An instant mea-
surement of a spectral line profile is convienient to obtain
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Fig. 5 OMA signals for various spectral lines from the arc column.
Also shown is Vp —Ip characteristics and the calibration
lines.
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Fig. 6 Example of a time development in the spatial distribution
of Hell 4686 during high current supply.

total intensity and line width. It offers a prompt decision
of plasma parameters (n,, T, etc). While instant data
acquisition of a spatial distribution enables us to study the
stabiligy of a plasma in detail. These superiorities
come from the fact that the SIT detector can be operated
at the gated mode. But in the following we remark that
besides the gating voltage, the pulse waveform has a sub-
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stantial effect on both spatial and sepctracl profiles.

By an appropriate selection of external parameters we
can obtain a stable and radially symmetric arc column
with a good reproducibility. At such a parameter we have
performed shot by shot measurement of Hell 4686 line
profile as shown in Fig. 7. In this figure data for two
types of pulse waveform (see the right side of the figure)
are given. In case of a nearly rectangular waveform (the
upper part) almost symmetric line profiles are obtained
even when the line center is shifted along channels. But in
case of a bad waveform as in the lower part, strongly
asymmetric profiles appear by the shifting of the line
center, even though Vy is greater than that of the upper
case. These asymmetries are also observed in the instant
spatial distribution measurement. This feature is not
observed clearly when we use a thin line from He-Ne laser
or discharge lamps. Figure 8 shows the effect of Vg varia-
tion on the line profile. Here the line center is shifted to

—st
Hell 4686 A
0.Susec/div
A V=-0.8kV
10A .

He+40%H2 plasma —t
Po=610 Torr i
$ =1200 | /min \ : 0.5usec/div
Pi=20kW Vg='1.35kv
Ve=4kV
Ip=5.4kA

— Channel 500

Fig. 7 Hell 4686 line profiles for two waveforms of the gate pulse.

8
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0 —05 —10 —15
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He+ 40%H: plasma Hel 4686A

Po=610Torr Py =20 kW
6=1200 L/min Ve = 4kV
1p= 5.4kA
Vo=-1.4kV._
Vo=-12kV
L Vg=—0BKV

Vg=-0.43KV .M«-‘—/ \

0 — Channel 500

Fig. 8 Hell 4686 line profiles for different gating voltages.
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the right for us to be able to find the asymmetry more
clearly. The gating pulse waveform is accurately rectan-
gular as shown on the upper right side. With the increase
in ]Vglasymmetry in the line profie is improved and its
halfwidth AA | /218 lowered (see the upper left side). At
|Vg| > 1.3 kV AN |/, becomes nearly constant. This
nature is also noticed by PAR but no information as to
its asymmetry. When we see the configuration of the de-
tector in Fig. 1 these problems can be understood as the
result of defocusing in the image intensifier, because at
the real time operation (—9.0 kV DC bias to the inten-
sifier) electrons from photocathode is designed to focus
most effectively and enter on to the target satisfying a
faithful correspondence between photon distribution and
electrons’ one. Thus we may say that a pulser must be
used which genrates an exactly rectangular waveform of
—1.5 kV. Of course when, different from our source, the
photon emission from a source is shorter than the gating
time duration, only pulse intensity affects the detector
quality.

Figure 9 shows an example of the temporal change of
electron temperature for various microwave powers. As

55 T T
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; Vez 4 kv
K $=1800 /min o= P -20kw
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Fig. 9 Example of temporal changes of electron temperature
averaged in the radial direction for various microwave
powers.

stated earlier a higher microwave power brings about a
moderate heating. So that it is clearly seen that the
heating rate is larger with a higher peak temperature for
P; =20 kW as compared with 30 or 40 kW. Figure. 10 is
an example of the radial distribution of n, and T,. We see
Te~5x10* Kand ne<1x 10'7 cm 3. These values are
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Fig. 10 Example of radial distributions of electron temperature

and electron density.

typical for this pulsed arc and different values in n, can be
obtained easily by varying the filling pressure.

4. Conclusion

By using optical multichannel analyzer (OMA) system
a pulsed high current arc was studied experimentally. For
each discharge shot a spectral line profile and /or its
spatial distribution could be detected with a good time
resolution and fine S/N ratio. Plasma parameters (2, T,)
and the correlation between heating efficiency and inst-
ability growth could thus be decided quite easily. After
some calibrations for the OMA detection, it was demon-
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strated that the pulse waveform has sabstantial effect on
the correct profile measurement at the gate mode opera-
tion.
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