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Motivation

* Determine physical mechanisms of flashover initiation in large

insulator stack environments 1in vacuum
— Improve body of evidence for anode-initiated
P y 0 (vV/d)

flashover
H

* Desorbed species

2.47

e Bulk insulator involvement
e Electrode involvement

* Time scales

vacuum
— Support modelling efforts

insulator

— Stygar ef al, 2005
= TTU-Design

25

S ]

Electric Field (V,

W. A. Stygar et al. 2005, Physical Review
Special Topics — Accelerators and Beams 8§,
050401 (2005)

0.5

Stygar—like topology 0 0.2 0.4 0.6 0.8 I

€our face (27 - d)

CENTER FOR PULSED POWER AND POWER ELECTRONICS 2



Source:

* 240 kV Marx

e 20-30 ns rise time

Chamber:

* 5x10° torr typical
background pressure

e 22°C typical
temperature

Electrical diagnostics:

* C(Coaxial CVD

* (Coaxial CVR

Insulator Testbed
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Insulator

Optics holder

Cathode




2x fused silica cylindrical
lenses per channel

2 mm dia.

Multimode optical fiber 0.6 mm dia.
* Solarization resistant

* 180-850 nm transmission
¢ 200 pm core '8 ¥ |Sym Insulator

UV-FS Vacuum fiber
feedthrough

Increased diffusivity due to insulator transparency
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Optics Holder Protection Q-

3752

Approach 1:

Mesh shields vertical
insulator surface

Approach 2:
Conductive

* Flashover along vertical
surface of the holder

Debris from
anode deposited on
and around lenses
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Localizing Flashover

Insulator revisions

~140 kV For repeatable flash-

over path initiation,

Insulator an aluminum wire

s Cathode o field enhancement

? (Al 6061) was added.
=

2 ~190 kV Anode

o) 0.5 mm dia.

) :
S

IS

>

=

O

>

% Cathode -
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>240 kV

Without initiation point:
Rarely flashes over for 6 mm gap

Reduced anode
diameter, field shaping

I e ——
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Insulator I
|
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Early Light Emission

* For flashover on pristine
insulator, first light appears
at anode

Early light detection with Thorlabs PMTSS
* 1.4 nsrise time
* 185-900 nm spectral response

* Corroborated by time- * Gain > 10’

resolved imaging

* Voltage, current, and
intensity waveforms timed 150 R 4 -
to within £ 1 ns

100

Current (kA)
|
PMT Signal (a.u.)

Anode _ |
Cathode tocathode saturation - ]

1 1 | 1 1 | | | | 2

10 ns/div
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% Spatially Resolved Spectroscopy g8

Hg Ar and H He sources fed into fibers to
* Oriel MS257 Spectrograph demonstrate spatial resolution on ICCD

— 121.6 lines/mm
— 413 nm blaze

* Andor 1Star DH7 ICCD
— 3 ns gate capable

Anode fiber

Anode bins
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Fiber input 600
100 200 300 400 500 600 700 800 900 1000

Nonlinearity correction example (anode fiber) X pixels
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[Line Identification

Wavelength accuracy — 0.7 nm/pixel  constituents: SpectraPlot
. . A. Fierro, G. Laity, A. Neuber,
SpGCtI’OSCOplC notation: Insulator - C: H "Optical Emission Spectroscopy
. : Study in the VUV-VIS Regimes of
CI- neutral Carbon EleCtrOdeS Al’ Mg ’ Sl a Developing Low-Temperature
CIl- smgly 1onized carbon Surface — H209 CO? COZ? O2 Plasrpa in Nitrogen gas,".Journal of
. . S £ t t t S . C Physics D: Applied Physics, vol.
C III — doubly 10onized carbon urtace treatment — i, 45, 495202, 2012.
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Wavelength (nm)

Simulated spectra offset by 150 counts for viewing purposes
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Counts

Counts

Broadband background characteristic of cathodoluminescence or similar

— Governed by optical characteristics of polystyrene toward the UV
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High confidence transitions (nm):

H - 656.3
200 300 400 500 600 700 800 | 4r
1500 -13 NS | Anode gloo- i
g - 1 & 50} E
5 1000 H-a 13 0 é
S |
i . ‘
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A T I [ LA a4 il ““,b“,“l“fw“ Black: High degree of confidence
200 300 400 500 600 700 800 Gray: Lesser degree of confidence
Wavelength (nm)
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ﬁ OES Time Series (Ins. A, -10 ns)

High confidence transitions (nm): Possible transitions (nm):

H - 486.1, 656.3 C 11— 251.1, 283.7, 392.0, 426.7, 514.5, 589.0, 657.9
C 111 — 229.7, 406.9, 418.7, 464.8
Mg 11 - 279.7, 448.1

Optical gate (5 ns width)
400 500 600 700 800

10ns  Anode] %10}
] 50+
H-B
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200 300 400 500 600 700 800 Gray: Lesser degree of confidence
Wavelength (nm)
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OES Time Series (Ins. B, -1 ns) Ig®

High confidence transitions (nm): Possible transitions (nm):
C III - 229.7, 406.9, 418.7, 464.8 C II-251.1, 283.7, 392.0, 426.7, 514.5, 589.0, 657.9

Mg I1 — 279.7, 448.1

Optical gate (5 ns width)
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ﬁ OES Time Series (Ins. B, +6 ns)

High confidence transitions (nm): Possible transitions (nm):
C 11— 229.7, 406.9, 418.7, 464.8 C II—-251.1, 283.7,392.0, 426.7, 514.5, 589.0, 657.9
Mg I1—279.7, 448.1 CIV —-580.3
Al Il —358.7
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% OES Time Series (Ins. B, +13 ns)

High confidence transitions (nm): Possible transitions (nm):
Mg I1 —279.7, 448.1 AlT-309.2, 396.2
Al 11T — 415.0, 452.9 Al Il — 358.7
200 300 400 500 600 700 800 1 or 1
1so0F 0 a0 T Anoded £ 1, 3
” i } Mg I1 Al TII +13 ns ne e- = j:g/
= g "8
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Conclusions

Conclusions:

Future Work:

* Successfully implemented spatially .
resolved photodetection across
insulator surface

* Early anode light precedes cathode

light by nanoseconds

* Anode and cathode regions exhibit
distinct spectral development

51851

{
i

\

’

Detailed characterization of spectral
development

Transition to next generation
flashover setup (>600 kV, >1 cm gap)

Continued development of insulator
geometry

— Localize the breakdown, possibly without
the need for the wire
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Appendix
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% OES Time Series (Ins. B, +38 ns)

High confidence transitions (nm): Possible transitions (nm):
Mg I1 —279.7, 448.1 H - 656.3
AlT-309.2, 396.2
C III — 229.7
400 500 600 700 800 1 or ;
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3 Mg II 1%, 0 5
8 H-a >‘_50_ R A | P
| B -40 -30 -20 -10 O 10 20 30 40 50
’AWJ\N\“ . Time (ns)
Cathode’ .
g +38 ns |
g H-a
@) | ]
L 1 - ‘?f-
R L AL oAb Al b A “.“'L.MW.W” Black: High degree of confidence
200 300 400 500 600 700 800 Gray: Lesser degree of confidence
Wavelength (nm)
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% Insulator Testbed Cross-Section

Vacuum Chamber Field Grading Hemispherical
Wall N Ring (Cu) Anode (Al 6061)

Fiber Optic Lens
Holder
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Cathode
(A1 6061)
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AL S

High Voltage
Coax (RG220)

Insulator
(Cross-linked
Polystyrene) |

Embedded
CVD

High Voltage
Feed-through
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ﬁ Flashover Chamber and Source

& Time-resolved imgng '
Princeton P1I-MAX 4

Fiber optic
feedthrough

\

Open shutter imaging
Nikon D200
Coaxially integrated electrical diagnostics
* (Capacitive voltage divider

L ) 30kV ch d, 240 kV, 675 pF
* ~50 mQ current viewing resistor charge p

erected pressurized Marx
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