ANDE LITHIUM BATTERY HIGH TEMPERATURE LEAKAGE TEST

24 March 2004

BACKGROUND:
Lithium primary batteries present an explosion or fire hazard if the contents leak and make contact with exposed circuitry or conducting material.  The battery contains an electrolyte, but is hermetically sealed.

PURPOSE:
The purpose of this test is to verify that there is no battery leakage, deformation, nor mechanical abnormalities in TL-5930 lithium primary cells made by the Tadiran Corporation under vacuum and temperature extremes.  In preparation for the test, the vacuum chamber will be tested to 20 mm of mercury, and a handling procedure will be established to prevent contamination.  All flight hardware battery cells will undergo the leakage test.

TEST PROCEDURE:
The test will be conducted on 120 cells in 5 batches of 24 on a non-outgassing tray, placed inside the vacuum chamber.  After exposure to vacuum conditions for 24 hours at elevated temperatures (~85ºC) a mass difference will be measured.  The cells will also be wiped with ph-paper to detect any leakage.  Success will be no more then 0.1 grams of mass deviation for one batch and no color change in the ph-paper from any one cell.  Batches which fail will have cells re-tested individually.  Individual cells that have more than 0.01 g mass deviation will be rejected.

VACUUM CHAMBER PREPARATION:
The vacuum chamber and roughing pump holds a pressure of 20 mm of mercury for 24 hours.  The maximum level of acceptable pressure is 50 mm of mercury.  The tray with no battery cells will then be put under the vacuum for 24 hours.  To verify that the tray is inert and will not change mass due to outgassing.

HANDLING PROCEDURE:
Latex gloves will be worn.  Cells will be tested with litmus to see if any reaction occurs before vacuum testing.  Cells with reaction will be cleaned and re-tested with litmus.  Cells with second reaction will be eliminated.

TEST PROCEDURE BY STEPS:
The test will be done in ambient laboratory conditions.  The vacuum chamber is a vacuum evaporator made by Varian’s vacuum division, and the roughing pump is Gast model number 3040-V115A.  The leakage test will be done after the vacuum has been prepared and the handling test is successful.

1) The tray will be loaded, weighed, and inserted into the chamber along with a similar control mass.

2) The chamber will be sealed and evacuated to a pressure of 20 mm of mercury.

3) After 24 hours of steady vacuum conditions at elevated temperatures (~85ºC) the pressure will be released and the mass of the tray and the control mass will be taken.

4) Each cell will be tested with ph-paper to detect any leaked electrolyte.
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Normal Test:  The mass remains constant and the test is valid.

Abnormal Test:  If there is smoke from the test apparatus there is a leak in the vacuum chamber resulting in an unsteady pressure level therefore the test is compromised. If there is a change in mass, then a leak is suspect and the leaking cell is rejected.

TEST RESULTS EXPECTATIONS:  Expected test results will fit into the following categories:

A) A cell leaks under this test.  The test fails.  That cell cannot be flight qualified.

B) The cell does not leak under this test.  The test is a success.  That cell is acceptable for flight assembly.

------------------------------------------------------------------------------------------------------------

	
	Tray and 12 Cells
	 
	
	test article
	 
	 
	 
	
	

	
	Mass before
	
	Mass after
	Difference
	
	Mass before
	
	Mass after
	Difference
	
	Total Difference

	ROUND 1
	1503.2
	
	1503.1
	 
	
	104.3
	
	104.2
	 
	
	 

	A1-1..12
	1503.2
	
	1503.1
	 
	
	104.2
	
	104.2
	 
	
	 

	 
	1503.2
	
	1503.1
	 
	
	104.3
	
	104.3
	 
	
	 

	 
	1503.2
	
	1503.0
	 
	
	104.3
	
	104.2
	 
	
	 

	AVG
	1503.2
	 
	1503.1
	0.1
	 
	104.3
	 
	104.2
	0.1
	
	0.1

	ROUND 2
	1503.4
	
	1503.6
	 
	
	104.2
	
	104.3
	 
	
	 

	A1-13…24
	1503.5
	
	1503.5
	 
	
	104.3
	
	104.3
	 
	
	 

	 
	1503.5
	
	1503.5
	 
	
	104.2
	
	104.3
	 
	
	 

	 
	1503.6
	
	1503.6
	 
	
	104.2
	
	104.3
	 
	
	 

	AVG
	1503.5
	 
	1503.6
	0.1
	 
	104.2
	 
	104.3
	0.1
	
	0.0

	ROUND 3
	1503.4
	
	1503.4
	 
	
	104.3
	
	104.3
	 
	
	 

	A1-25…36
	1503.4
	
	1503.3
	 
	
	104.3
	
	104.3
	 
	
	 

	 
	1503.4
	
	1503.3
	 
	
	104.3
	
	104.3
	 
	
	 

	AVG
	1503.4
	 
	1503.3
	0.1
	 
	104.3
	 
	104.3
	0.0
	
	0.1

	ROUND 4
	1502.9
	
	1502.9
	 
	
	104.3
	
	104.3
	 
	
	 

	A1-37…48
	1502.8
	
	1503.0
	 
	
	104.3
	
	104.4
	 
	
	 

	 
	1502.8
	
	1503.0
	 
	
	104.3
	
	104.4
	 
	
	 

	AVG
	1502.8
	 
	1503.0
	0.1
	 
	104.3
	 
	104.4
	0.1
	
	0.1

	ROUND 5
	1500.1
	
	1500.0
	 
	
	104.3
	
	104.3
	 
	
	 

	A1-49…52
	1500.0
	
	1500.1
	 
	
	104.3
	
	104.3
	 
	
	 

	B1-1…8
	1500.1
	
	1500.1
	 
	
	104.3
	
	104.3
	 
	
	 

	AVG
	1500.1
	 
	1500.1
	0.0
	 
	104.3
	 
	104.3
	0.0
	
	0.0

	ROUND 6
	1501.7
	
	1501.5
	 
	
	104.3
	
	104.2
	 
	
	 

	B1-9…20
	1501.6
	
	1501.5
	 
	
	104.3
	
	104.3
	 
	
	 

	 
	1501.6
	
	1501.5
	 
	
	104.3
	
	104.3
	 
	
	 

	AVG
	1501.6
	 
	1501.5
	0.1
	 
	104.3
	 
	104.3
	0.0
	
	0.1

	ROUND 7
	1500.3
	
	1500.4
	 
	
	104.3
	
	104.3
	 
	
	 

	B1-21…32
	1500.3
	
	1500.4
	 
	
	104.3
	
	104.2
	 
	
	 

	 
	1500.3
	
	1500.4
	 
	
	104.3
	
	104.3
	 
	
	 

	AVG
	1500.3
	 
	1500.4
	0.1
	 
	104.3
	 
	104.3
	0.0
	
	0.1

	ROUND 8
	1499.1
	
	1498.9
	 
	
	104.3
	
	104.2
	 
	
	 

	B1-33…44
	1499.1
	
	1499.0
	 
	
	104.3
	
	104.3
	 
	
	 

	 
	1498.9
	
	1499.1
	 
	
	104.3
	
	104.2
	 
	
	 

	AVG
	1499.0
	 
	1499.0
	0.0
	 
	104.3
	 
	104.2
	0.1
	
	0.0

	ROUND 9
	1498.2
	
	1498.3
	 
	
	104.2
	
	104.2
	 
	
	 

	B1-45…52
	1498.1
	
	1498.1
	 
	
	104.3
	
	104.2
	 
	
	 

	 
	1498.1
	
	1498.2
	 
	
	104.2
	
	104.2
	 
	
	 

	AVG
	1498.1
	 
	1498.2
	0.1
	 
	104.2
	 
	104.2
	0.0
	
	0.0


Table 1.  Leakage Test Results
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