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Motivation

* Vacuum interrupters are important components on electrical systems up to 80 kV

= extension of their application field up to 125 kV

» petter understanding of arc physics is necessary for applications at higher currents:
— active role of the anode during high-current switching arcs,
— Impact of high-current anode phenomena on contact erosion,

— high metal vapor emission = reduction of dielectric strength around current zero
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Focus: Vacuum arc anode phenomena
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Methodology

» Advantages of high-speed video spectroscopy for examination of temporal characteristics

In experiments with limited reproducibility

» Specific focus is set on the high-current anode modes:

— Anode spots type 1 and type 2 and
— Anode plume after extinction of anode spot type 2.
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Experimental setup
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Experimental setup and high-speed video spectroscopy
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High-speed video spectroscopy

= High-speed spectroscopy:

High-speed camera instead of
ICCD detector

high spatial and temporal
resolution

series of spectra within one
experiment (up to 20000 fps)

requires sufficient light intensity

requires proof of linearity of
detector-chip

study of the temporal evolution
of line radiation of different
atoms and ions
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= Conventional spectroscopy:

— ICCD detectors for weak intensity
radiation

— high spatial resolution

— temporal resolution of ns but low
repetition rate (1 ... 10 fps)
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Results and discussion (overview)
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Results and discussion (overview)
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LINES Results and discussion (overview)
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Results and discussion (overview)
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LINES Results and discussion (overview)
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Cathode
- 1(2) [Cul |Anode Anode spot type 1 CAathzde t: Sﬁtthde ) o ) . . o
B oo " Anodespotiypez TN s | = Significant increase of all line intensities near the
L n Anod 1 Anode
.GE) 2461: ,E:/ s:cc))ttf/pez Anode E spot:ty?ez anOde
2 :\ Anode spot type 1. P
% 0.2 S\ spottype 1 P s Mod . £1i . . h hod
P f — . Y L sk, 1= | |

x 005 T 5 y . < - 5 b 10 oderate Increase of line Intensities near the cathoae
_ 12— ; | |
£ 10751245 nm} ' Anade
OC) 08¢ IF‘, Anode : spo'lttypeZ . . . .
€ o6l ' Spotiype2 Anode BN » |ntensity maxima near the anode considerably higher
() L [ ! 19 .
g ool P Ao worwpel 4 than those near the cathode in the anode spot type 2
T e O Wit Ses. "MW
x %% 12 3 4 5 6 7 8! © 10

12 Culll : I :
> 1ol . : :
3 ;2?16'89 M anode Lo
Q : : N spot type 2 : Ano'de
£ 06 Y Anode . spottype 2
_g 0.4} L . '::;dtipel spot type 1 J'._.,.\_: !‘
E 0.2+ .",‘1 :.\‘\
& 0.0 : - s \ s ST

0 4 5 6 7 8 9 10

Axial distance (mm)



Results and discussion

= using high-speed spectroscopy is possible....
 to obtain a very complete qualitative information about the arc discharge and,
 to calculate quantitative information like:
v Radiator densities,
v’ Electron densities,
v Temperature and
v Pressure
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Results and discussion

= Characteristics of arc current and voltage and corresponding high speed images

50 T l L I T l T l T 80
| —— Voltage
45 |- Current
i 4.0
= e , ; | . . s 4 60
N, ; ! i . ‘
Y Cathode a | bl i 3.5 | .
Z 30} —
< f S
— ()
“w E 23 c d Jd Anode Plume - 403
w[;.‘ v i p— "3'4, o [ - ] B
£ N . O 20f Pl ! >
3! N B} i | : .
5! Cathode o Cathode | I a i i AW
1.5 ! ! ih
; | - 20
Diffuse_ | Footpoint_{ Anode spoti Anode spot | Diffuse |
05| . i typel1 " type2 i
s M L e *, O v = 3 | e _,_,___\\I. 00 i 1 E | L i ] 1 i l L 0
Cathode : .- Cathode f <~ Cathode 0 5 4 5 5 10
Time (ms)

07.09.2018 ITG 2018 Physikzentrum Bad Honnef



Results and discussion: Radiator density

= Evaluation procedure:
— measurement of spectral radiance LA(y) over the wave length
— Radiance L(L) integrated over spectral line (line fit)
— Abel inversion
— Emission coefficient g(r) = 1/(4x) -h-v-n A,
— Radiator density n(r)
— No LTE-assumption, absolute calibration required, optically thin plasma
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Results and discussion: Temperature

= Evaluation procedure:

— measurement of spectral radiance LA(y) over the wave length
— Radiance L(L) integrated over spectral line (line fit)

— Abel inversion

— Emission coefficient g(r) = 1/(4x) -h-v-n A,

— Boltzmann-plot
— Plasma temperature from slope

— No absolute calibration required, relative values sufficient

— LTE-assumption
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Results and discussion: Neutral gas density

= Evaluation procedure:
— measurement of spectral radiance LA(y) over the wave length
— Radiance L(1) integrated over spectral line (line fit)
— Abel inversion
— Emission coefficient g(r) = 1/(4x)-h-v-n A,
— Boltzmann-plot
— Neutral gas density from interceptiony, atE, =0
— Absolute calibration required to retrieve neutral gas density,
— LTE assumption
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Results and discussion: Electron density

= Evaluation procedure:
« Spectral radiance L, (y) (wavelength dependence)
= Abel inversion (before spectral line integration!)
= Emissions coefficient ¢(r=0,)) on axis (wavelength dependent)
= Voigt profile line fit to spectrally dependent emission coefficient on arc axis

= Lorentz line width => Stark broadening

= Electron density n,

« Electron density and its temporal distribution (high resolution grating needed)
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Summary

High-speed video spectroscopy is a valuable tool for the examination of transient
phenomena,

gualitative and quantitative information of the plasma characteristics during arcing
temporal characteristics of attachment modes of high-current vacuum arcs
radiator density during anode type 2 is 10 times higher than during anode type 1
arc voltage over the time follows one-to-one the radiator and neutral gas density

the increase of vapor density during anode type 2 leads to a noticeable increase on arc
voltage

the electron density during anode spot type 2 is about 10 ... 20 times greater than during
type 1

Further results are to be published in a forthcoming publication
Outlook:
— Anode plume and critical current of anode spot type 2,

— modelling and further experimental verification
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