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Previously Unidentified Hazards

?? Orbiter is docked at the International Space Station (ISS)Orbiter is docked at the International Space Station (ISS)
?? UnUn--commanded firing of the reaction control system commanded firing of the reaction control system 

(RCS) jets (RCS) jets »» damage or loss of  Orbiter and ISS.damage or loss of  Orbiter and ISS.

?? One proposed scenario:One proposed scenario:
?? Arcing in the 28 VDC heater circuit wire transfers Arcing in the 28 VDC heater circuit wire transfers 

enough power to open fuel/ox valve.enough power to open fuel/ox valve.
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Goal of These Experiments

?? Possibility of arcing causing an unPossibility of arcing causing an un--commanded firing of commanded firing of 
the RCS jets.the RCS jets.

?? Effectiveness of different segregation methods. Effectiveness of different segregation methods. 

?? The goal was not to examine the probability of an arc track The goal was not to examine the probability of an arc track 
event occurringevent occurring..
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Bundle Configurations (Slide 1 of 2)
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Bundle Configurations (Slide 2 of 2)
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Specimens with Various Protection Configurations 

Shielded  
Twisted Pair 
No Protection 

1 Layer  
PTFE Wrap 

1 Layer  
Mystik  
(3 wraps) 

1 Layer  
Convolute 

2 Layers  
PTFE Wrap 

2 Layers 
Mystik  

2 Layers  
Convolute 
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Twenty-nine Different Test Configurations
 

1st Layer  
(Bottom) 

2nd Layer  
(Top) 

N264 1-5 1 1 Twist Quad NA NA 15 A 
N264 6-10 1 3 Twist Quad NA NA 15 A 
N264 11-15 2 3 2 Sh/Tw/Pair NA NA 15 A 
N264 16-20 3 3 2 Sh/Tw/Pair PTFE Wrap None 15 A 
N264 21-25 3 3 2 Sh/Tw/Pair Mystik None 15 A 
N264 26-30 3 3 2 Sh/Tw/Pair Convolute None 15 A 
N264 31-35 3 3 2 Sh/Tw/Pair PTFE Wrap PTFE Wrap 15 A 
N264 36-40 3 3 2 Sh/Tw/Pair PTFE Wrap Mystik 15 A 
N264 41-45 3 3 2 Sh/Tw/Pair PTFE Wrap Convolute 15 A 
N264 46-50 3 3 2 Sh/Tw/Pair Mystik PTFE Wrap 15 A 
N264 51-55 3 3 2 Sh/Tw/Pair Mystik Mystik 15 A 
N264 56-60 3 3 2 Sh/Tw/Pair Mystik Convolute 15 A 
N264 61-65 3 3 2 Sh/Tw/Pair Convolute PTFE Wrap 15 A 
N264 66-70 3 3 2 Sh/Tw/Pair Convolute Mystik 15 A 
N264 71-75 3 3 2 Sh/Tw/Pair Convolute Convolute 15 A 
N264 76-80 4 3 2 Tw/Pair PTFE Wrap None 15 A 
N264 81-85 4 3 2 Tw/Pair Mystik None 15 A 
N264 86-90 4 3 2 Tw/Pair Convolute None 15 A 
N264 91-95 4 3 2 Tw/Pair PTFE Wrap PTFE Wrap 15 A 
N264 96-100 4 3 2 Tw/Pair PTFE Wrap Mystik 15 A 
N264 101-105 4 3 2 Tw/Pair PTFE Wrap Convolute 15 A 
N264 106-110 4 3 2 Tw/Pair Mystik PTFE Wrap 15 A 
N264 111-115 4 3 2 Tw/Pair Mystik Mystik 15 A 
N264 116-120 4 3 2 Tw/Pair Mystik Convolute 15 A 
N264 121-125 4 3 2 Tw/Pair Convolute PTFE Wrap 15 A 
N264 126-130 4 3 2 Tw/Pair Convolute Mystik 15 A 
N264 131-135 4 3 2 Tw/Pair Convolute Convolute 15 A 
N264 136-140 1 1 Twist Quad NA NA 10 A 
N264 141-145 1 3 Twist Quad NA NA 10 A 

Protection Schemes Circuit  
Protection  

(fuse rating) 
Harness  
Config # Test # # Heater  

Circuits Fuel/Ox Wire 
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Detection of Fuel/Ox Valve Opening and Damage 
to Fuel/Ox Wire
?? Detection of the opening of the Fuel/Ox valve: Detection of the opening of the Fuel/Ox valve: 

1.1. Audible clicking sound of valve solenoids.Audible clicking sound of valve solenoids.
2.2. Accelerometer measurements.Accelerometer measurements.
3.3. Coil voltage and current measurements indicating Coil voltage and current measurements indicating 

that the coil was at or above the operational that the coil was at or above the operational 
threshold.threshold.

?? Damage to the specimen and Fuel/Ox wire:Damage to the specimen and Fuel/Ox wire:
1.1. Coil Voltage and Current Measurements (including Coil Voltage and Current Measurements (including 

Shield current measurements).Shield current measurements).
2.2. Fuel/Ox Wire Damage (Visual and wet dielectric Fuel/Ox Wire Damage (Visual and wet dielectric 

voltage withstand (DVW) test).voltage withstand (DVW) test).
3.3. BreachBreach of Protection Layers (Visual Examination).Protection Layers (Visual Examination).
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Harness Configuration 3: 3 Heater Circuits 

Fuel/Ox: 2 Shielded Twisted Pairs
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Test N264-008
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Test N264-008: Coil Voltage and Current plus 
Accelerometer Measurements
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N264-008: Post Test: No segregation (15 A fuse)

Fuel/Ox Wire

Heater Wire
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Close-up of Damage to Fuel/Ox Twisted Quad 
Wire (N264-002)
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Worst Case Results for Protected Fuel\Ox Wire
•Specimen 264-076: 1 layer PTFE over twisted pair
•No coil voltage or current
•Wires passed wet DVW test
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Summary of Test Results
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Effectiveness of Different Segregation Materials

Material on Top
Number of 
Breaches

Percent 
Breached

PTFE Tape 31/40 78%
Mystik® Tape 23/40 58%
PTFE Convoluted 12/40 30%

Number of times that the top layer was breached
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Comparison of Present Tests (RJD) with Similar 
Tests Involving Higher Power Levels

•Present Test (RJD): Arcing currents were typically 50-60 amps 

•Previous Tests: Arcing currents were typically ~230 amps
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?? NonNon--segregated/Nonsegregated/Non--shielded: Arcing can open the fuel/ox shielded: Arcing can open the fuel/ox 
valve.valve.

?? NonNon--segregated/Shielded wire: Arcing did not open valve, segregated/Shielded wire: Arcing did not open valve, 
but significant damage observed.but significant damage observed.

?? Single Layer:  Effective method of segregation for arcing Single Layer:  Effective method of segregation for arcing 
in the 50in the 50--60 amp range.60 amp range.
?? Order of effectiveness of materialOrder of effectiveness of material

?? Convolute (PTFE)Convolute (PTFE)
?? MystikMystik®® TapeTape
?? PTFE TapePTFE Tape

?? Two Layers: More effective for higher current levels Two Layers: More effective for higher current levels 
(~230).(~230).

Conclusions
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Questions?

For Additional Information, contact: 

Dr. William Linzey

Lectromechanical Design Company

45,000 Underwood Lane Suite L

Sterling VA, 20166-2305

Ph: (703)  481 - 1233


