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Decade of Tests Suggests I,V Safe Limits
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Characteristics of Vacuum Arc

Mi A VMin Arc V

Arc current flows in 
plasma between 

electrodes; cathode spots 
of diameter 1 10m with

Tracks show that arc 
current vaporizes & 

ionizes cathode, new 
plasma sustains arc

S/C primary power systems 
have > min Arc voltage. When 
vacuum arc is established, arc 

resistance is low (V/I =of diameter 1-10m with 
~106 -108 A/cm2

plasma sustains arc resistance is low (V/I  
4V/180A = 22m for Cu)
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Vacuum Arcs Sustain at a Minimum Voltage 
Well Below Array Voltage Threshold

• Min V threshold depends upon material’s 
thermal properties  

• Range of Min V values reported in literature

~16V
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Arc Duration and Damage Depend Upon Current

~10x increase in arc current 
causes ~1000x increase in arc 
duration

1 sec

duration

1 msec

• Average arc lifetime @ 3+A is ~ 
100us for Cu and ~10ms for Ag, 

I 3 42A I 38 5A100-700ms @ 30A
• Lifetimes for fixed I&V follow 

exponential survival law 
distribution possible that an arc

(msec)(sec)

I=3.42A I=38.5A

distribution—possible that an arc 
lasts much longer (and shorter) 
than average

Fractional # of Arcs (Y-axis) Lasting Longer 
than Time t (X-axis: usec on left, msec on right)
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Vacuum Arc Literature Shows a Lower Safe 
Voltage Threshold Than Array/Cell Testing 
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adjacent cell in orbit.  So we cannot 
provide an arc voltage drop value. 
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>1000arcs at 0.2-0.4A last only 10-50us

gap voltage

Sustained arcing at string currents of <1A is not possible
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Secondary Arcs of Duration <100us-1ms Are 
Not Harmful to Insulation, Even in Quantity

• [Fuji 03] About 100 rigger arcs with shunt current 
<30us.  No detrimental damage to the cell gap. The 
cumulative duration of the 100 arcs is <3msec. 

 

• [Kim 05] 1000’s of primary and non-sustained 
secondary arcs did not degrade insulation, whereas a 
single 120sec sustained arc dropped isolation to 
<30ohms

• [Gaillot 05 ] 100usec secondary arcs are not harmful, 
even in quantity. Millisecond arcs degrade insulation 
slightly (no power effect) and progressively degrade cell 
I-V characteristics slightly (minor power effect) even in 
quantityquantity.

• [Berthou 05] Secondary arcs began to appear at 60-
80V and were systematic at 90V. No degradation of 
insulation occurred.  Their frequency and duration 
increased as the cell-to-cell voltage increased, ranging g g g
from 30us to 145us and averaging 85us.  At 120V, 
1.25A, no sustained secondary arcs were observed.  As 
Istr increased, the duration of the arc increased (from 
30us to 3ms)

• CONCLUSION: need to look for conditions that 
promote longer duration (>100usec to >1msec) 
sustained vacuum arcs for damage
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Vacuum Arcs Can be Triggered by Various 
Plasma Sources Wherever Sufficient V&I Exist 

• In-orbit and ground test failures 
have occurred in harnesses, 
SADAs power circuits ofSADAs, power circuits of 
electronics

• Plasma from fusing tin whiskers, 
wires, debris impacts and ESD 

ll t ti l t i

Tin whiskers can fuse into plasma 
that sustains vacuum arc

are all potential triggers
• Tin whisker (and 

wire) vacuum arcs 
have readilyhave readily 
occurred in 30V 
and 50V primary 
power systems 
with high currents

• Consistent with 
vacuum arc 
literature, andliterature, and 
lower V than solar 
array ESD tests
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Conventional Solar Cell Arrays Operate in Safe 
Zone, Rest of Primary Power System Does Not 
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Summary

• Conventional arrays are safe--limit string current with 1 blocking 
diode/string to ~ <0.5-1A, far too low to sustain vacuum arc

– Front-side array testing for sustained arcing is not neededy g g
– Continue to test for ESD degradation of cells per AIAA standards

• Beyond diode cathode, strings are combined into groups that are 
routed to array regulator electronics and primary power bus

– Combined strings (e.g., 5-8 ) push short circuit current available for a 
vacuum arc up to 2.5-4A, in the high risk range

– Much more current may be available from primary power bus, which will 
significantly extend arc lifetime and damage-add to testingsignificantly extend arc lifetime and damage add to testing

• Risks occur from blocking diode cathodes to slip ring assy to primary 
power bus & battery all the way to the primary power input to load 
secondary power converters

– Double insulation and isolation help, but degrade over mission life--test 
protection of EOL coupons

– Fusing can protect the power bus from single arc induced faults, but 
spares can be consumed before EOLspares can be consumed before EOL

– Vacuum arcs can propagate (e.g. arc tracking in wire bundles)
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