
 

185 

Appendix F 
Voyager SEMCAP Analysis 

As an example of a detailed analysis of a spacecraft and the implications of 
space charging and resultant ESD events, consider the Voyager story. To 
simulate the effects of arc discharges on Voyager, tests used a high-voltage-
excited spark gap and a flat-plate capacitor with an arc gap to apply arcs on or 
near the spacecraft. The radiated fields from these sources were approximated 
in the Specification and Electromagnetic Compatibility Program (SEMCAP) 
[1], and induced voltages were predicted at key locations using circuit analysis 
methods. (Note: Details are omitted from this appendix because SEMCAP is no 
longer supported.) Testing then measured induced voltages at those key 
locations with an oscilloscope. The measured data were compared to the 
predicted values to give a measure of accuracy of the computational tools. As 
can be seen, there are enough unknown variables that the results would be 
expected to differ from reality.   

The mean error between the predicted and measured results was –12 dB (under 
predicted) and the standard deviation was 20 dB [2]. Assuming these accuracy 
parameters to be applicable to predicted in-flight responses for Voyager, the 
spacecraft was considered to be immune to arc discharges of less than 20 mV 
on the basis of the SEMCAP analysis. For research applications, a mean offset 
of 12 dB and standard deviation of 20 dB sound very large. In spite of these 
estimated accuracies, the use of SEMCAP in this application caused numerous 
design changes that significantly improved the arc discharge immunity of the 
Voyager spacecraft. Even though the flight Voyagers still suffered several arc 
discharge events in flight, the design changes resulting from SEMCAP (in 
conjunction with testing) are believed to have significantly enhanced the 
spacecraft survivability and possibly prevented total failure at Jupiter. 
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The conclusion here is that even tools providing relatively indeterminate 
quantitative results can produce results useful for design understanding and 
possible design changes as they enforce a systematic approach to evaluating a 
spacecraft design for ESD. 
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