RAFT BATTERY LOW TEMP QUICK-LOOK LEAKAGE TEST (test 001)      22 October 2004

Rev 1, 22 Nov 2004 (adds timeline)
PURPOSE:   NiCd batteries planned for RAFT are not guaranteed by the Manufacturer below –40°C.  Current Shuttle requirements are for a survival of –50°C cold soak without any leakage, explosive hazard or any other hazard as a result.  This test has verified that there is no battery leakage, deformation, nor mechanical abnormalities in the Sanyo KR-1100AAU NiCd cells under vacuum and low temperature extremes.  

TEST PROCEDURE:   The test was conducted on 10 cells following the time line below.  This initial quick-look test was not on the flight cells (not yet on hand) but was done on cells on hand (originally purchased for PCsat in 2001).  After being charged the cells were tested visually and wiped with litmus paper for any sign of external electrolyte.  Then the cells were taken down to –60°C for 20 hours, and then allowed to warm back up to 25°C and re-tested for leaks both visually and with litmus paper.  The cells were again tested for voltage, 1 second 10C current and then discharged at a nominal 1C rate.  The discharged cells were then placed in a vacuum chamber and then placed on a 16 hour charge and then re-tested for any leakage or change in mechanical or electrical characteristics.
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TEST PROCEDURE BY STEPS:   This test was performed in ambient laboratory conditions.  The vacuum portion used a vacuum evaporator by Varian with a Duoseal 1402 pump. 

1) The 10 cells were series charged with a 24 volt regulated supply set to a current limit of 110 mA for 16 hours to provide a constant 0.1C charge rate to full charge with some excess equalization charge.

2) The cells were individually tested for visual leakage, litmus test, open circuit voltage, 1C current and 1 second 10C current.  The 1C current was tested through a 1.0 Ohm resistor and the 10C current test used a 0.10 Ohm resistor for one second (See Figure 1). 

3) The cells were then cleaned with alcohol and re-inspected in preparation for the cold test.

4) The cells were then be placed in a moisture sealed cold chamber (Photo 1) surrounded by a variable amount of dry ice capable of taking the chamber down to –60°C and maintained at –60°C for 20 hours at steady state conditions (Figures 5 and 6).  

5) The dry-ice was exhausted after 20 hours and the cells were allowed to warm back up to ambient temperature over 10 hours while remaining in the sealed chamber to avoid condensation.  On removal from the chamber, there was no visual evidence of any leakage or physical changes to any cell (Photo 2).

6) Then the cells were again tested as in step 2 (figure 2).  But this time the 1C discharge test continued until each cell reached less than 0.1 volts per cell to achieve a fully discharged condition (Figure 7).

7)  The fully discharged cells were then placed in a vacuum and then charged for 16 hours at the 0.1C rate while remaining under vacuum conditions (Figures 8-11).  This worst case charging would be where any leakage would occur.

8) After the 21 hour charge test in the vacuum, the chamber was returned to ambient and the cells were removed from the chamber and visually inspected (Photo 3).  Next the cells were again tested using all of the step 2 tests  (Figure 3).

TEST RESULTS:  The mass remained constant within the +/- 0.1g resolution limits of our scale and there were no visible or detectible leakage and the cells exhibited no appreciable change in capacity or operation (Figure 4).  The only mass delta’s noted were within the +/- 0.1g unit ambiguity at the limit of precision of the instrument.  The only significant change in electrical capacity was cell #75 which showed a %15 loss in 1 amp discharge capacity though only a 10% change in 5 amp capacity.  The fact that some gained and some lost capacity shows the margin of measurement error in this test was on the order of ± 5%.  Since the AA cells used in the power system for the RAFT mission  have at least a 4 to one overdesign margin and this mission will only last for 3 to 6 months, this potential degradation of capacity of 15% is not significant to mission risk.

Signed,

MIDN Benjamin S. Orloff

Bob Bruninga, USNA Engineer
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70 24.0 1.404 5.00 1.23

81 23.5 1.411 5.49 1.27

43 23.5 1.405 5.17 1.25

88 23.5 1.402 5.01 1.24

94 23.6 1.410 4.91 1.30

51 23.4 1.403 5.23 1.22

16 23.5 1.415 5.29 1.23

75 23.7 1.399 5.31 1.29

59 23.3 1.399 5.51 1.28

93 23.6 1.402 5.10 1.30

Preparation Test
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70 24.0 1.371 4.98 1.15

81 23.5 1.376 4.58 1.27

43 23.5 1.372 4.81 1.24

88 23.5 1.371 4.99 1.12

94 23.5 1.375 4.78 1.25

51 23.4 1.371 4.96 1.21

16 23.6 1.378 4.88 1.26

75 23.7 1.369 5.07 1.20

59 23.3 1.371 4.97 1.26

93 23.6 1.371 5.10 1.24

Post Cold Test

 

Figure 1.



Figure 2.
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70 24.0 1.384 4.52 1.23

81 23.5 1.390 4.57 1.30

43 23.5 1.386 5.22 1.20

88 23.5 1.390 4.57 1.30

94 23.6 1.386 5.38 1.28

51 23.4 1.383 4.96 1.28

16 23.6 1.389 5.09 1.28

75 23.8 1.383 4.97 1.10

59 23.4 1.383 5.01 1.27

93 23.6 1.384 5.22 1.29

Post Recharge Test
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70 0.0 -0.020 -0.48 0.00

81 0.0 -0.021 -0.92 0.03

43 0.0 -0.019 0.05-0.05

88 0.0 -0.012 -0.44 0.06

94 0.0 -0.024 0.47-0.02

51 0.0 -0.020 -0.27 0.06

16 0.1 -0.026 -0.20 0.05

75 0.1 -0.016 -0.34-0.19

59 0.1 -0.016 -0.50-0.01

93 0.0 -0.018 0.12-0.01

End to End Changes


Figure 3.



Figure 4.
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Day Time Time (absolute)Elapsed TimeBatteries Can Ice

1 11:30 11.50 0.00 23.1 -11.9 -22.4

1 11:31 11.52 0.02 21.1 -35.1 -69.5

1 11:32 11.53 0.03 19.7 -43.4 -71.1

1 11:33 11.55 0.05 18.5 -48.2 -71.3

1 11:34 11.57 0.07 17.2 -51.6 -71.7

1 11:35 11.58 0.08 15.8 -53.9 -72.3

1 11:36 11.60 0.10 14.5 -55.6 -72.9

1 11:38 11.63 0.13 11.5 -57.9 -74.3

1 11:47 11.78 0.28 -5.6 -63.4 -79.9

1 12:00 12.00 0.50 -20.1 -66.5 -81.8

1 12:25 12.42 0.92 -34.1 -68.9 -82.2

1 13:25 13.42 1.92 -59.9 -75.1 -81.8

1 13:49 13.82 2.32 -65.6 -75.8 -80.3Began Removing Ice

1 14:03 14.05 2.55 -67.0 -72.8 -77.0

1 14:12 14.20 2.70 -66.6 -67.4 -72.3

1 14:21 14.35 2.85 -65.3 -62.4 -68.7

1 14:27 14.45 2.95 -64.3 -60.2 -66.4

1 14:40 14.67 3.17 -62.1 -58.6 -68.0

1 14:53 14.88 3.38 -59.6 -56.7 -68.8

1 15:09 15.15 3.65 -58.3 -56.4 -69.8

1 15:40 15.67 4.17 -58.4 -60.3 -70.7

1 15:47 15.78 4.28 -58.8 -62.7 -70.9

1 16:30 16.50 5.00 -59.7 -63.1 -70.7

1 16:37 16.62 5.12 -59.8 -63.3 -70.3

1 17:14 17.23 5.73 -60.1 -63.4 -70.8

1 17:52 17.87 6.37 -60.9 -62.6 -71.3

1 19:00 19.00 7.50 -61.1 -62.6 -71.9

1 19:40 19.67 8.17 -60.7 -62.1 -71.7

1 20:13 20.22 8.72 -60.2 -62.6 -71.2

1 20:40 20.67 9.17 -60.3 -61.9 -71.0

1 21:40 21.67 10.17 -60.3 -61.9 -70.7

1 23:16 23.27 11.77 -60.1 -60.6 -67.4

2 0:40 24.67 13.17 -59.4 -59.9 -64.1

2 1:10 25.17 13.67 -58.9 -59.6 -65.7

2 2:30 26.50 15.00 -58.2 -58.2 -66.2

2 3:00 27.00 15.50 -58.2 -58.2 -60.5

2 6:05 30.08 18.58 -56.5 -55.7 -61.9Ice Added

2 7:10 31.17 19.67 -59.4 -61.3 -68.8

2 9:30 33.50 22.00 -59.7 -59.7 -60.6

2 11:00 35.00 23.50 -55.5 -55.0 -51.6

2 12:00 36.00 24.50 -51.6 -47.9 -43.9

2 20:00 44.00 32.50 9.4 12.6 14.1

2 21:20 45.33 33.83 13.6 15.6 14.1

3 8:05 56.08 44.58 17.0 17.2 16.9

Battery Cold Test Results

Time (hrs) Temperature (°C)


Figure 5. Cold Test Temperature Data
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Figure 6.  Cold Test Conditions


[image: image8.emf]Time

Elapsed 

Time (min)

Voltage 

(V)

11:28.5 0.0 13.28

11:29.0 0.5 13.08

11:30.0 1.5 12.93

11:31.5 3.0 12.85

11:32.0 3.5 12.78

11:33.0 4.5 12.71

11:34.0 5.5 12.85

11:36.0 7.5 12.8

11:38.0 9.5 12.72

11:42.5 14.0 12.66

11:50.5 21.5 12.59

12:00.0 31.5 12.56

12:10.0 41.5 12.56

12:20.0 51.5 12.56

12:30.0 61.5 12.55

12:40.0 71.5 12.53

12:50.0 81.5 12.51

12:55.0 86.5 12.49

13:00.0 91.5 12.48

13:40.0 131.5 12.15

14:35.0 186.5 2.11

Post-Cold Discharge Test
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Figure 7.  Battery Discharge Data and Plot
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Voltage (V)

Current 

(mA)

10:45 0.00 19.1 700.00 13.5 110

11:00 0.25 17.7 1.00 14.4 110

11:30 0.75 16.2 0.90 14.0 110

12:05 1.33 16.2 0.80 14.2 110

13:10 2.42 18.2 0.70 14.2 110

14:20 3.58 20.1 0.70 14.3 110

15:00 4.25 20.9 0.60 14.3 110

17:30 7.25 23.9 0.48 14.3 110

20:30 9.75 25.1 0.48 14.6 50

7:45 21.00 31.5 2.00 14.6 110

Vacuum Test


Figure 8. Vacuum Test Data
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Figure 9.  Vacuum Test Battery Temperature
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Figure 10.  Vacuum Test Pressure
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Figure 11.  Vacuum Test Battery Voltage
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Picture 1. Cold Test Equipment
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Picture 2.  Post Cold Test
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Picture 3. Post Vacuum Test

Changed from 16Ω to 32 Ω load
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Sheet1

		Vacuum Test

		Time		Elapsed Time (hr)		Temp (°C)		Pressure (mm of Hg)		Voltage (V)		Current (mA)

		10:45		0.00		19.1		700.00		13.5		110

		11:00		0.25		17.7		1.00		14.4		110

		11:30		0.75		16.2		0.90		14.0		110

		12:05		1.33		16.2		0.80		14.2		110

		13:10		2.42		18.2		0.70		14.2		110

		14:20		3.58		20.1		0.70		14.3		110

		15:00		4.25		20.9		0.60		14.3		110

		17:30		7.25		23.9		0.48		14.3		110

		20:30		9.75		25.1		0.48		14.6		50

		7:45		21.00		31.5		2.00		14.6		110
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Sheet1

		Preparation Test										Post Cold Test								Post Recharge Test								End to End Changes

		Cell		Mass (g)		Voltage (V)		10C rate (A)		1C rate (A)		Mass (g)		Voltage (V)		10C rate (A)		1C rate (A)		Mass (g)		Voltage (V)		10C rate (A)		1C rate (A)		Cell		Δ mass (g)		Δ Voltage (V)		Δ10C rate    (A)		Δ1C rate (A)

		70		24.0		1.404		5.00		1.23		24.0		1.371		4.98		1.15		24.0		1.384		4.52		1.23		70		0.0		-0.020		-0.48		0.00

		81		23.5		1.411		5.49		1.27		23.5		1.376		4.58		1.27		23.5		1.390		4.57		1.30		81		0.0		-0.021		-0.92		0.03

		43		23.5		1.405		5.17		1.25		23.5		1.372		4.81		1.24		23.5		1.386		5.22		1.20		43		0.0		-0.019		0.05		-0.05

		88		23.5		1.402		5.01		1.24		23.5		1.371		4.99		1.12		23.5		1.390		4.57		1.30		88		0.0		-0.012		-0.44		0.06

		94		23.6		1.410		4.91		1.30		23.5		1.375		4.78		1.25		23.6		1.386		5.38		1.28		94		0.0		-0.024		0.47		-0.02

		51		23.4		1.403		5.23		1.22		23.4		1.371		4.96		1.21		23.4		1.383		4.96		1.28		51		0.0		-0.020		-0.27		0.06

		16		23.5		1.415		5.29		1.23		23.6		1.378		4.88		1.26		23.6		1.389		5.09		1.28		16		0.1		-0.026		-0.20		0.05

		75		23.7		1.399		5.31		1.29		23.7		1.369		5.07		1.20		23.8		1.383		4.97		1.10		75		0.1		-0.016		-0.34		-0.19

		59		23.3		1.399		5.51		1.28		23.3		1.371		4.97		1.26		23.4		1.383		5.01		1.27		59		0.1		-0.016		-0.50		-0.01

		93		23.6		1.402		5.10		1.30		23.6		1.371		5.10		1.24		23.6		1.384		5.22		1.29		93		0.0		-0.018		0.12		-0.01
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Sheet1

		Battery Cold Test Results														Note

		Time (hrs)								Temperature (°C)

		Day		Time		Time (absolute)		Elapsed Time		Batteries		Can		Ice

		1		11:30		11.50		0.00		23.1		-11.9		-22.4

		1		11:31		11.52		0.02		21.1		-35.1		-69.5

		1		11:32		11.53		0.03		19.7		-43.4		-71.1

		1		11:33		11.55		0.05		18.5		-48.2		-71.3

		1		11:34		11.57		0.07		17.2		-51.6		-71.7

		1		11:35		11.58		0.08		15.8		-53.9		-72.3

		1		11:36		11.60		0.10		14.5		-55.6		-72.9

		1		11:38		11.63		0.13		11.5		-57.9		-74.3

		1		11:47		11.78		0.28		-5.6		-63.4		-79.9

		1		12:00		12.00		0.50		-20.1		-66.5		-81.8

		1		12:25		12.42		0.92		-34.1		-68.9		-82.2

		1		13:25		13.42		1.92		-59.9		-75.1		-81.8

		1		13:49		13.82		2.32		-65.6		-75.8		-80.3		Began Removing Ice

		1		14:03		14.05		2.55		-67.0		-72.8		-77.0

		1		14:12		14.20		2.70		-66.6		-67.4		-72.3

		1		14:21		14.35		2.85		-65.3		-62.4		-68.7

		1		14:27		14.45		2.95		-64.3		-60.2		-66.4

		1		14:40		14.67		3.17		-62.1		-58.6		-68.0

		1		14:53		14.88		3.38		-59.6		-56.7		-68.8

		1		15:09		15.15		3.65		-58.3		-56.4		-69.8

		1		15:40		15.67		4.17		-58.4		-60.3		-70.7

		1		15:47		15.78		4.28		-58.8		-62.7		-70.9

		1		16:30		16.50		5.00		-59.7		-63.1		-70.7

		1		16:37		16.62		5.12		-59.8		-63.3		-70.3

		1		17:14		17.23		5.73		-60.1		-63.4		-70.8

		1		17:52		17.87		6.37		-60.9		-62.6		-71.3

		1		19:00		19.00		7.50		-61.1		-62.6		-71.9

		1		19:40		19.67		8.17		-60.7		-62.1		-71.7

		1		20:13		20.22		8.72		-60.2		-62.6		-71.2

		1		20:40		20.67		9.17		-60.3		-61.9		-71.0

		1		21:40		21.67		10.17		-60.3		-61.9		-70.7

		1		23:16		23.27		11.77		-60.1		-60.6		-67.4

		2		0:40		24.67		13.17		-59.4		-59.9		-64.1

		2		1:10		25.17		13.67		-58.9		-59.6		-65.7

		2		2:30		26.50		15.00		-58.2		-58.2		-66.2

		2		3:00		27.00		15.50		-58.2		-58.2		-60.5

		2		6:05		30.08		18.58		-56.5		-55.7		-61.9		Ice Added

		2		7:10		31.17		19.67		-59.4		-61.3		-68.8

		2		9:30		33.50		22.00		-59.7		-59.7		-60.6

		2		11:00		35.00		23.50		-55.5		-55.0		-51.6

		2		12:00		36.00		24.50		-51.6		-47.9		-43.9

		2		20:00		44.00		32.50		9.4		12.6		14.1

		2		21:20		45.33		33.83		13.6		15.6		14.1

		3		8:05		56.08		44.58		17.0		17.2		16.9
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Sheet1

		Battery Cold Test Results														Note

		Time (hrs)								Temperature (°C)

		Day		Time		Time (absolute)		Elapsed Time		Batteries		Can		Ice

		1		11:30		11.50		0.00		23.1		-11.9		-22.4

		1		11:31		11.52		0.02		21.1		-35.1		-69.5

		1		11:32		11.53		0.03		19.7		-43.4		-71.1

		1		11:33		11.55		0.05		18.5		-48.2		-71.3

		1		11:34		11.57		0.07		17.2		-51.6		-71.7

		1		11:35		11.58		0.08		15.8		-53.9		-72.3

		1		11:36		11.60		0.10		14.5		-55.6		-72.9

		1		11:38		11.63		0.13		11.5		-57.9		-74.3

		1		11:47		11.78		0.28		-5.6		-63.4		-79.9

		1		12:00		12.00		0.50		-20.1		-66.5		-81.8

		1		12:25		12.42		0.92		-34.1		-68.9		-82.2

		1		13:25		13.42		1.92		-59.9		-75.1		-81.8

		1		13:49		13.82		2.32		-65.6		-75.8		-80.3		Began Removing Ice

		1		14:03		14.05		2.55		-67.0		-72.8		-77.0

		1		14:12		14.20		2.70		-66.6		-67.4		-72.3

		1		14:21		14.35		2.85		-65.3		-62.4		-68.7

		1		14:27		14.45		2.95		-64.3		-60.2		-66.4

		1		14:40		14.67		3.17		-62.1		-58.6		-68.0

		1		14:53		14.88		3.38		-59.6		-56.7		-68.8

		1		15:09		15.15		3.65		-58.3		-56.4		-69.8

		1		15:40		15.67		4.17		-58.4		-60.3		-70.7

		1		15:47		15.78		4.28		-58.8		-62.7		-70.9

		1		16:30		16.50		5.00		-59.7		-63.1		-70.7

		1		16:37		16.62		5.12		-59.8		-63.3		-70.3

		1		17:14		17.23		5.73		-60.1		-63.4		-70.8

		1		17:52		17.87		6.37		-60.9		-62.6		-71.3

		1		19:00		19.00		7.50		-61.1		-62.6		-71.9

		1		19:40		19.67		8.17		-60.7		-62.1		-71.7

		1		20:13		20.22		8.72		-60.2		-62.6		-71.2

		1		20:40		20.67		9.17		-60.3		-61.9		-71.0

		1		21:40		21.67		10.17		-60.3		-61.9		-70.7

		1		23:16		23.27		11.77		-60.1		-60.6		-67.4

		2		0:40		24.67		13.17		-59.4		-59.9		-64.1

		2		1:10		25.17		13.67		-58.9		-59.6		-65.7

		2		2:30		26.50		15.00		-58.2		-58.2		-66.2

		2		3:00		27.00		15.50		-58.2		-58.2		-60.5

		2		6:05		30.08		18.58		-56.5		-55.7		-61.9		Ice Added

		2		7:10		31.17		19.67		-59.4		-61.3		-68.8

		2		9:30		33.50		22.00		-59.7		-59.7		-60.6

		2		11:00		35.00		23.50		-55.5		-55.0		-51.6

		2		12:00		36.00		24.50		-51.6		-47.9		-43.9

		2		20:00		44.00		32.50		9.4		12.6		14.1

		2		21:20		45.33		33.83		13.6		15.6		14.1

		3		8:05		56.08		44.58		17.0		17.2		16.9
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Sheet1

		Vacuum Test

		Time		Elapsed Time (hr)		Temp (°C)		Pressure (mm of Hg)		Voltage (V)		Current (mA)

		10:45		0.00		19.1		700.00		13.5		110

		11:00		0.25		17.7		1.00		14.4		110

		11:30		0.75		16.2		0.90		14.0		110

		12:05		1.33		16.2		0.80		14.2		110

		13:10		2.42		18.2		0.70		14.2		110

		14:20		3.58		20.1		0.70		14.3		110

		15:00		4.25		20.9		0.60		14.3		110

		17:30		7.25		23.9		0.48		14.3		110

		20:30		9.75		25.1		0.48		14.6		50

		7:45		21.00		31.5		2.00		14.6		110
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Sheet1

		Vacuum Test

		Time		Elapsed Time (hr)		Temp (°C)		Pressure (mm of Hg)		Voltage (V)		Current (mA)

		10:45		0.00		19.1		700.00		13.5		110

		11:00		0.25		17.7		1.00		14.4		110

		11:30		0.75		16.2		0.90		14.0		110

		12:05		1.33		16.2		0.80		14.2		110

		13:10		2.42		18.2		0.70		14.2		110

		14:20		3.58		20.1		0.70		14.3		110

		15:00		4.25		20.9		0.60		14.3		110

		17:30		7.25		23.9		0.48		14.3		110

		20:30		9.75		25.1		0.48		14.6		50

		7:45		21.00		31.5		2.00		14.6		110
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Sheet1

		Vacuum Test

		Time		Elapsed Time (hr)		Temp (°C)		Pressure (mm of Hg)		Voltage (V)		Current (mA)

		10:45		0.00		19.1		700.00		13.5		110

		11:00		0.25		17.7		1.00		14.4		110

		11:30		0.75		16.2		0.90		14.0		110

		12:05		1.33		16.2		0.80		14.2		110

		13:10		2.42		18.2		0.70		14.2		110

		14:20		3.58		20.1		0.70		14.3		110

		15:00		4.25		20.9		0.60		14.3		110

		17:30		7.25		23.9		0.48		14.3		110

		20:30		9.75		25.1		0.48		14.6		50

		7:45		21.00		31.5		2.00		14.6		110
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		Preparation Test

		Cell		Mass (g)		Voltage (V)		10C rate (A)		1C rate (A)

		70		24.0		1.404		5.00		1.23

		81		23.5		1.411		5.49		1.27

		43		23.5		1.405		5.17		1.25

		88		23.5		1.402		5.01		1.24

		94		23.6		1.410		4.91		1.30

		51		23.4		1.403		5.23		1.22

		16		23.5		1.415		5.29		1.23

		75		23.7		1.399		5.31		1.29

		59		23.3		1.399		5.51		1.28

		93		23.6		1.402		5.10		1.30
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Sheet1

		Post Recharge Test

		Cell		Mass (g)		Voltage (V)		10C rate (A)		1C rate (A)

		70		24.0		1.384		4.52		1.23

		81		23.5		1.390		4.57		1.30

		43		23.5		1.386		5.22		1.20

		88		23.5		1.390		4.57		1.30

		94		23.6		1.386		5.38		1.28

		51		23.4		1.383		4.96		1.28

		16		23.6		1.389		5.09		1.28

		75		23.8		1.383		4.97		1.10

		59		23.4		1.383		5.01		1.27

		93		23.6		1.384		5.22		1.29
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		Post-Cold Discharge Test

		Time		Elapsed Time (min)		Voltage (V)

		11:28.5		0.0		13.28

		11:29.0		0.5		13.08

		11:30.0		1.5		12.93

		11:31.5		3.0		12.85

		11:32.0		3.5		12.78

		11:33.0		4.5		12.71

		11:34.0		5.5		12.85

		11:36.0		7.5		12.8

		11:38.0		9.5		12.72

		11:42.5		14.0		12.66

		11:50.5		21.5		12.59

		12:00.0		31.5		12.56

		12:10.0		41.5		12.56

		12:20.0		51.5		12.56

		12:30.0		61.5		12.55

		12:40.0		71.5		12.53

		12:50.0		81.5		12.51

		12:55.0		86.5		12.49

		13:00.0		91.5		12.48

		13:40.0		131.5		12.15

		14:35.0		186.5		2.11
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		Post Cold Test

		Cell		Mass (g)		Voltage (V)		10C rate (A)		1C rate (A)

		70		24.0		1.371		4.98		1.15

		81		23.5		1.376		4.58		1.27

		43		23.5		1.372		4.81		1.24

		88		23.5		1.371		4.99		1.12

		94		23.5		1.375		4.78		1.25

		51		23.4		1.371		4.96		1.21

		16		23.6		1.378		4.88		1.26

		75		23.7		1.369		5.07		1.20

		59		23.3		1.371		4.97		1.26

		93		23.6		1.371		5.10		1.24
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		Post-Cold Discharge Test

		Time		Elapsed Time (min)		Voltage (V)

		11:28.5		0.0		13.28

		11:29.0		0.5		13.08

		11:30.0		1.5		12.93

		11:31.5		3.0		12.85

		11:32.0		3.5		12.78

		11:33.0		4.5		12.71

		11:34.0		5.5		12.85

		11:36.0		7.5		12.8

		11:38.0		9.5		12.72

		11:42.5		14.0		12.66

		11:50.5		21.5		12.59

		12:00.0		31.5		12.56

		12:10.0		41.5		12.56
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		12:40.0		71.5		12.53
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		12:55.0		86.5		12.49

		13:00.0		91.5		12.48
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