[image: image1.emf]RADIATION EFFECTS

0

1E+16

2E+16

3E+16

4E+16

5E+16

6E+16

7E+16

8E+16

024681012

MEGARADS

VOLUME RESISTIVITY

Series1



SEC-3-08010










July 7, 2008

To:  

Distribution 
From:  

R. H. Maurer

Subject:  
Total Ionizing Dose Evaluations of RBSP Solar Array and EFW Spin Plane Boom Cables
During June 2008 total ionizing dose radiation exposures of the solar array and EFW spin plane boom cable candidates were executed. Exposures were in steps to cumulative doses of 1, 2, 5 and 10 Megarads at a dose rate of 20 rads/second. The end point cumulative dose of 10 Megarads (1X 107), the estimated mission total for the lightly shielded wires, takes approximately 140 hours. Mechanical integrity, electrical resistivity and dielectric withstanding voltage properties were measured and visually inspected. 

A. Solar Array Cable 
The solar array cable is part number M27500C24SC1S00 and is available from multiple manufacturers. The cable part number above breaks down as follows:

M27500 = Cable base spec
C = minimum shield coverage is 90%
24 = conductor wire AWG
SC = conductor wire per MIL-W-22759/33, which is WIRE, ELECTRICAL,     FLUOROPOLYMER-INSULATED, CROSSLINKED MODIFIED ETFE, LIGHTWEIGHT, SILVER-COATED, HIGH-STRENGTH COPPER ALLOY, 200 DEG. C, 600 VOLT (S/S BY SAE-AS22759/33)
1 = number of conductors in the cable
S = 200C rated silver-coated copper (round) shield material (single shield)
00 = no jacket 
The volume resistivity of the cable insulation was measured initially and after each exposure step by Sam Wilderson; the results are shown in Figure 1 below. The resistivity remained stable throughout the radiation exposure between 5.15 and 6.80 X 1016 ohm-cm. The resistivity measurements were made at 750 volts which is 125% of the cable’s rated voltage. No voltage breakdowns were experienced during the resistivity measurements.

After the final exposure step to accumulate 10 Megarads and after the resistivity measurement was completed, we removed the cable from its threaded mount and inspected its insulation for mechanical integrity by removing some of its shield. By comparing it to an unexposed sample from the same wire spool and using 180 degree 

bends, we determined that there had not been any significant embrittlement of the ETFE insulation.

This solar array cable is acceptable for use on the RBSP spacecraft.
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Figure 1: Volume resistivity in ohm-cm versus total ionizing dose for solar array cable.
B. EFW Spin Plane Boom Cable
Two spin plane boom cable candidates were exposed to 10 Megarads at the same dose rate and in the same exposure steps as the solar array cable at APL. The electrical and mechanical measurements were performed by the Space Sciences Laboratory, University of California, Berkeley. 

RBSP Gore cable, RCA-9019 (THEMIS)
Dielectric Withstanding Voltage Tests were performed per MIL-STD-202G Method 301 / MIL-STD-1344A Method 3001.1 (connectors).

Test apparatus:   Associated Research 3670 Hypot III tester Serial Number 9331523, calibrated 3/28/2008.

Test Operator:   David Curtis

Test Date: 2008/6/13

Test Article: RBSP Gore cable, RCA-9019 (THEMIS), post radiation exposure at APL (10Mrad); insulation is fragile, handle with care to avoid damage which might cause shorting.

Settings: Test M2: 2 sec ramp-up (DC test), 60 sec dwell, 2μA over current trip (to capture arcing), Arc detect set to 9 (max sensitivity), followed by a 2s 900V >10Gohm IR test. Test at ambient temperature.

	Test
	VDC
	Application
	Results

	1
	1000
	All single wires to braid
	Pass

	2
	1000
	Coax shield to braid
	Pass

	3
	1000
	Coax shield to all single wires
	Pass

	4
	1000
	Black wire to the other single wires
	Pass

	5
	1000
	Brown wire to the other single wires
	Pass

	6
	1000
	Red wire to the other single wires
	Pass

	7
	1000
	Orange wire to the other single wires
	Pass

	8
	1000
	Yellow wire to the other single wires
	Pass

	9
	1000
	Green wire to the other single wires
	Pass

	10
	1000
	Blue wire to the other single wires
	Pass

	11
	1000
	Purple wire to the other single wires
	Pass

	12
	1000
	Coax center to coax shield
	Pass


Comments:  
Note that with 4x derating on DWV, this wire is good to at least 250VDC, which exceeds the requirements for the RBSP EFW.
No degradation was noted in the tensile strength as well, but as indicated above the insulation had become brittle. Thus, the RCA-9019 cable which was used on THEMIS was eliminated for use on RBSP.

RBSP Gore cable, RCN-8411 (LASP-ERGUN)
Dielectric Withstanding Voltage Tests were performed per MIL-STD-202G Method 301 / MIL-STD-1344A Method 3001.1 (connectors).

Test apparatus:  
Associated Research 3670 Hypot III tester Serial Number 9331523, calibrated 3/28/2008.

Test Operator:  
David Curtis

Test Date:
2008/6/13

Test Article:
RBSP Gore cable, RCN-8411 (LASP-ERGUN), post radiation exposure at APL (10Mrad), ends prepared by Yvette.

Settings:
Test M2: 2 sec ramp-up (DC test), 60 sec dwell, 2μA over current trip (to capture arcing), Arc detect set to 9 (max sensitivity), followed by a 2s 900V >10Gohm IR test. Test at ambient temperature.

	Test
	VDC
	Application
	Results

	1
	1000
	All wires to braid
	Pass

	2
	1000
	Wire 1 to the rest of the wires (shield floats)
	Pass

	3
	1000
	Wire 2 to the rest of the wires (shield floats)
	Pass

	4
	1000
	Wire 3 to the rest of the wires (shield floats)
	Pass

	5
	1000
	Wire 4 to the rest of the wires (shield floats)
	Pass

	6
	1000
	Wire 5 to the rest of the wires (shield floats)
	Pass

	7
	1000
	Wire 6 to the rest of the wires (shield floats)
	Pass

	8
	1000
	Wire 7 to the rest of the wires (shield floats)
	Pass

	9
	
	
	

	10
	
	
	


Comments:  Note that with 4x derating on DWV, this wire is good to at least 250VDC, 

which exceeds the requirements for the RBSP EFW.

Again no degradation was noted in tensile strength; but, for the RCN-8411 cable no

embrittlement was observed. The RCN-8411 cable was selected for use on the EFW

spin plane booms.
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