RELIABILITY EVALUATION OF TRACE ANOMALY, PFR #131,





CONCLUSION:





PFR# 131, initiated as a result of an accidental short circuiting of some spacecraft wiring due to misconnection of a connector, presents no additional reliability risk to the TRACE mission.  Tests conducted on an identical harness at higher stresses showed no damage to the harness.  The wiring met new wire acceptance criteria following the tests.





BACKGROUND:





The Solar array simulator cable was accidentally connected to the TRACE spacecraft battery test connector.  A 24 gauge jumper burned open  in a jumper plug due to a partial short circuit in the battery.  Analysis of the resultant circuit showed several partially shorting condition which resulted in 13.8 volts battery voltage passing through approximately 10 feet of 22 gauge wire in the spacecraft harness and the 24 gauge jumper that burned open.  Personnel present in the area estimated the time from cable connection to jumper open as in the range of 3 to 5 seconds.  Other wires in the same harness were calculated to have experienced lower currents in the vicinity of 7 amperes during the event.





EVALUATION OF HARNESS RISKS:





Detailed visual examination of the jumper plug connector interface showed no sign of connector damage.





It was decided to simulate the event in the lab with a harness constructed to the same specifications as the spacecraft harness before considering the opening of the spacecraft for inspection.





The harness was constructed and set up for test using the same wire sizes throughout.  Connection to power supplies was made by 20 gauge wiring of about 5 feet in length (differing from the approx. 6 inch length  in the battery).





An initial test with power supplies set to deliver 40A at current limit and the calculated 13.8 battery voltage did not achieve the burn through of the 24 gauge jumper wire.  Current observations showed 40A initial current reducing slowly to 32A at 15 seconds.  15 seconds after power turn on a sharp “pop” or snap sound was heard from the jumper and it was assumed that the wire had opened, so power was shut off.  The harness was very warm, but not hot to the touch.  Estimated to be 125°F or less surface temperature.  It was determined that the pop sound had been caused by the insulation over the jumper wire at the 180° bend separating from the wire and pulling back.  Examination of the harness showed no signs of overheating or damage.  The harness was allowed to cool to room temperature prior to further testing





A second test was conducted with shortened leads (but still longer than the battery leads on the spacecraft) to the power supply and a 60A current limit set on the power supplies.  Initial current was 55A reducing to 45A at burnout of the jumper at 7 seconds.  The burned open jumper was noted to appear identical the burned wire on the spacecraft jumper.  The harness temperature  was only slightly above room temperature to the touch, The shorter time to burnout resulted in much less heating of the harness.  Inspection of the connector interfaces showed no damage or signs of heating.  Further overload testing was considered unnecessary to assure that no spacecraft damage had occurred from the short.





The test harness hipot tested satisfactorily.  The wires in the harness that had been subjected to the highest currents were removed and submitted to code 313 for analysis.  The wires were subjected to standard tests for new wire acceptance and found acceptable in all respects per a verbal report from A. Hovanec, a written report will follow.


 


A permanent change of +9 milliohms in the measured wire resistance following the overload tests is not understood, but is insignificant to the spacecraft as these wires carry no current during flight.  It may be related to minor damage in the pin crimp where the extra pigtail test leads were attached.  The reliability concern was the possibility of damage to the harness insulation that could cause an inflight short circuit to drain the battery. The tests have shown this is not a concern..








TEST DATA SUMMARY:





Test 1


Duration 15 seconds to shutdown at “pop”(when the insulation separated from wire at bend in jumper)


current 40A initial-decreasing to 32 A at shutdown


Harness condition --warm, estimated at less than 125°F. No visible signs of degradation and no contact damage visible





Test 2


Pigtails were added to both ends of the harness to permit resistance measurements when the jumper opened.


Loop measurement .242Ω


Current limit set to 60 A at 13.8 volts


Duration: 7 seconds to wire burn open


Current 55A decreasing to 45A at burn open.


Harness condition: very slightly warmed above room temperature. (Just detectable)


estimated at less than 10°F above room temperature. No visible signs of degradation.





Resistance measurement of one 5 foot section of wire 0.133Ω initially after test.


increasing to .150Ω at approx. 1.5 minutes. (May have been instrument drift.)





Final measurement after 20 minutes cooling .141 and .143Ω





(0.018Ω was contributed by the meter test leads to all measurements.)





