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Abstract

Regept techni
oppo-electroric  sensg
development of optica
inyestigating arcing| igniti
phenomena related to fast-rigi
transients,  typically
disintegration of fuse|wire el

of| an experimental
camera, based on such
to| operate at |approxi
frames/second (f/s) in bi
sehsor quadrature made. Al
evaluations |of Yhe camera i
with other forms\of i

evaligtiopis of the gata ipdicate that the camera
is capable of djstinglishing the”intensity,
position and dimensions of arc ignition and
elongation during digntegration of wir
elements within 8 10 ns {ime frame, which ar
validated by [cross-cotrelation with th
attributes of extant fulgurites obtained using
fast-acting synghronized Ycrowbar’ switc
test circuit.

1\ I nif oduction

7Isual observation of ar motion,
invariably, provides better understanding of
arcing behaviour. Observation of arc formation
and motion within hermetic enclosures, such as
compacted sand-filled high breaking capacity
(hbc) fuse types, pose special problems

Dgpartment of Design,

hbc  exper
ements, which, broadly, divide into
invasive and  non-invasiye
voltage/current’” and ‘fossil’| data [capture
technjques.
The principal expdnents
invasive fuse arc data capturing techniques are
Kleen [2], and Daalder & Schreues [3] who,
independently, used multiple |voltage| probes
inserted through the walls of fluse cartridges.
The |probes were distributed along fuse
elemgnts such that the probes
immefsed, at some stage, in the|extended arcs.
Non-invasive flash x-rpy photagraphy
techniques, developed by Arai([4], wele used
to pravide images of the break{up of wire fuse
elemgnts. Non-invasive measufes of afc light
emisdons have also been ca d ! during

element disintegration by Gomez [5] Barrow
and Howe [6] and Qeim [7] using several
optical fibres in close proximity to elements.
Additionally, images of fuse element
disintegration and arcing in wires suspended in
air have been captured by Baxter [8] using a




fast ‘cine’ camera, Vermij [9] using a streak aong wires and hbc fuse elements within a

camera and Brown [10] using a fast (2000f/s) time period 10ns~150ns and to be able to

video camera. capture extended arcing within periods in
The principal ‘fossil’ arc investigation excess of 5ms.

techniques, primarily, involve obtaining data The camera’'s optical  system

from sintered sand-element arc track remnants comprises a planar convex lens, a beam splitter

extant within hbc fuse filler after arcing has and two light sensors; optically aligned within

an_opague black box, figure 1. The arc_ligh
source converges on

after passing thkough

splitter. The bej

ign and Data Captur
bchniques.
The proposed opto-€|ectronic camera
WJas designed specifjcally flor light |mage
capture of multiple |arc ignjtions occyrring

A
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Fig 1. Opto-electronic camera optidal system.
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Figure 3 Diagram indicating control pulse (Sl) and cameraimage (AO) capture instances



3. Experimental arrangement
for image capture of arcignitionsin
wire and notched element hbc fuses

Special robust

expenmental
were devised to det iti

element sampl
shown in figure
as a window,
base. The elem
glass substrate
compacted by viggrous echamcal vibration.

1=

test samples and test enclosure shpwing
substratempunted fuse wire and d ements
ith aind withott filler

amer g caljbratioh methods

and\techniques

Special cameralcalibration procedures
and hardware were deVised to validate the)
camera attributes. Testing procedures werg
also developed| to validate the transie
performance of the camerq

The cglibration \and testing set-yp
consisted of /a homogehous light soufce
omprising a golumnar light box with a 650W
hite light sgrce and a smal\ hole on one/side
of\the box, figure 5., which wag positioped on
the sametforizontal axisto the light-apérture of
the camera such that the light radiating through
the hole entered the camera through a 25mm
() © 0.2mm {w) slit and focused onto the two
light sensors. The alignments of each sensor
were calibrated relative to the horizontal axis

of the optical system by capturing the sensor
outputs when triggered using ramp voltage
latch techniques and were monitored until the
responses of all pixel outputs were within a
range of *0.1 volts (3% nominal full scale
deflectlon) The results from testing conflrmed
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Fig. 61  Patterned-encoded whedl, typical of sequential
arc ignition
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ar‘

over one integr
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of ! crow barrmg the Theeutt current
after a further interval of s, resulting in a
35us time frame for the arc voltage and extant
fulgurite attribute, immediately following
current commutation. The results, figure 7,
show that the pixel data correlates the

positions, intensities and widths of arcs which
is evidenced in the size and positions of
sintered remnants in the corresponding
fulgurite. The arc voltage attribute indicates
the instances the arc voltages appear and
contribute to the instantaneous value.

Furthermore, correlated analysis of multiple
fulgurite

arc
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Conclusions

The presented results demonstrate
that current opto-electronic pixel aray chip
technology is sufficiently advanced to enable
the design of accurate and responsive optical
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