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1. [bookmark: _Toc491178801][bookmark: _Toc18314684]Purpose
This document summarizes the result of battery verification test for [Satellite Name] which will be deployed from JEM Small Satellites Orbital Deployer (J-SSOD).


2. [bookmark: _Toc476234092][bookmark: _Toc491178802][bookmark: _Toc18314685]Applicable Document
1. JX-ESPC-101132-C		JEM Payload Accommodation Handbook-Vol.8- 
Small Satellite Deployment Interface Control Document

1. [Document Number]		[Satellite Name] Flight Safety Assessment Report 
for phase XXX

1. [Document Number]		HR Battery Description Form for [Satellite Name] 


3. [bookmark: _Toc491175819][bookmark: _Toc491175838][bookmark: _Toc491175872][bookmark: _Toc491129563][bookmark: _Toc18314686]Design for the Battery and Hardware
3.1 [bookmark: _Toc18314687]Short Description of the Battery System 
The battery cell is COTS. The cells are installed in a holder. The electrodes are sealed with an insulator, and each cell is covered with a Kapton tape for insulation independently.

3.2 [bookmark: _Toc18314688]Cell Description: 
Chemistry: Li-ion or Ni-MH etc
Size:  φXXX*XX mm
Manufacturer: XXX
Model number: XXXXX
Nominal open circuit voltage: XXX V	
Expected load voltage: XXX V	
Rated capacity: 	XXXX mAh


3.3 [bookmark: _Toc18314689]Battery Description:
Quantity of cells per battery: XXX
Cell connectivity (#P#S, #S#P): XSXP
Operating voltage range: XX - XX V	         
Operating temperature range: -XX to +XX deg C
Charge:  -XX to +XX degC, 
Discharge: -XX to +XX degC, 
Storage: -XX to +XX degC
Average Load and duration: XX mA, XX min
Peak Load and duration: XX mA, XX sec	
Capacity Required: XX mAh





Please add a figure or a photo of the battery (cell, pack) to see external view





Figure 3-1. Battery circuit (*please use the same figure of Battery Form)


4 [bookmark: _Toc491129564][bookmark: _Toc18314690]Test Method
The battery cells were purchased by COTS product. The battery cell itself is screened by environment test and function test.

4.1 [bookmark: _Toc18314691]Lot Sampling Test
(1) Screening Test
20 cell packs are tested to evaluate that their charge/discharge characteristics are stable and similar between all cells. 16 cell packs are selected based on equivalent characteristics, the first and second groups (8 cells for each) are selected as FM and FM backup respectively.


Test Contents;
· Visual inspection (scratches, misaligned seals, electrolyte leakage, etc.)
· Open Circuit Voltage 
· Mass
· Capacity 
· Charge/Discharge Characteristic
· Discharge Temperature

4.2 [bookmark: _Toc18314692]Acceptance Test
1. Random Vibration Test
Random vibration test for flight cells is performed for screening purpose.
Test condition is summarized as below.

	Vibration Level: Two times Minimum Screening Level (MSL) 
*Note that “two times” is required only for Li-ion battery and Li-polymer battery
	Tolerance: +/- 1.5dB for PSD
	Direction: 2 axes (Radial direction and Axial direction) 
*if battery is not cylinder shape, 3 axes are required
	Test Duration: Over 60 sec





Please include the image of vibration test






Figure 4.2-1 Vibration test configuration




Table 4.2-1 Random Vibration Level for cells
	Freq. [Hz]
	PSD [G2/Hz] (MSL)
	PSD [G2/Hz] (2xMSL)

	20
	0.01
	0.02

	80
	0.04
	0.08

	350
	0.04
	0.08

	2000
	0.007
	0.014

	Overall
	6.06 Grms
	8.6 Grms

	Duration
	1 min/axis
	1 min/axis



1. Vacuum Test
Vacuum test of battery cell level is performed for screening. Test condition is summarized as below.

	Vacuum Level: less than 0.1 psia
	Test Duration: Over 6 hours

1. Function Test
Before and after the environment tests (vibration test and vacuum test), several function tests below are performed to see that there is no change in characteristics.
Note that the Charge/Discharge Characteristics test measures the range between maximum voltage and minimum voltage.

Test Load: XX [A] *In general, test is conducted with load between 0.2C and 1.0C
Test Contents;
		Visual inspection (scratches, misaligned seals, electrolyte leakage, etc.)
Open Circuit Voltage (the change is less than 0.1%)
Mass (the change is less than 0.1%)
Capacity (the change is less than 5%)
Charge/Discharge Characteristic
Discharge Temperature
Note: the change is verified by the difference between each test result and the previous test result.

Charge and discharge characteristics tests are performed for each battery cells before and after the environmental tests. Test set-up is shown in Figure 4.2-2.
From these tests, it is confirmed that charge and discharge characteristics do not change due to the environmental tests and are within the nominal range.

[image: ]

Figure 4.2-2 Charge/Discharge Characteristics Test Configuration


5 [bookmark: _Toc491129568][bookmark: _Toc18314693]Test Results

Date of test：[YYYY/MM/DD]
Place of test：[XXXX] 

5.1 [bookmark: _Toc18314694]Lot Sampling Test
1. Screening Test
Test configuration is shown on Figure 5.1-1. Test result is referred to Figure 5.1-2 to Figure 5.1-X. The following cells are selected.
Flight battery serial no.: XXX, XXX, XXX, XXX, XXX, XXX, XXX, XXX
Flight backup battery serial no.: XXX, XXX, XXX, XXX, XXX, XXX, XXX, XXX

5.2 [bookmark: _Toc18314695]Acceptance Test
1. Random Vibration Test
[bookmark: _Hlk7514781]Test configuration is shown on Figure 5.2-1-1. Test result is referred to Figure 5.2-1-2 to Figure 5.2-1-5.

1. Vacuum Test
Test configuration is shown on Figure 5.2-2-1. Test result is referred to Figure 5.2-2-2.


1. Function Test
Test configuration is shown on Figure 5.2-3-1. Test result is referred to Figure 5.2-3-2 to Figure 5.2-3-9 and Table 5.2-3-1.


Photo

Figure 5.1-1 Test Configuration for Battery Screening Test
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	Figure 5.1-2 Serial 001 characteristics
 (Left : Charge，Right: Discharge)
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	Figure 5.1-3 Serial 002 characteristics
 (Left : Charge，Right: Discharge)

	
Add test results for all batteries





Photo

Figure 5.2-1-1 Test Configuration for Battery Random Vibration Test

	Add graph of acceleration at control sensor 
· Test target does NOT include battery.
· X axis: Frequency, Y axis: PSD
· Include upper limit and lower limit of tolerance
· PSD should be within upper and lower limit.


	Figure 5.2-1-2 Battery Random Vibration Test Result (Radius direction, without battery)

	Add graph of acceleration at control sensor 
· Test target include battery.
· X axis: Frequency, Y axis: PSD
· Include upper limit and lower limit of tolerance
· PSD should be within upper and lower limit.



	Figure 5.2-1-3 Battery Random Vibration Test Result (Radius direction)

	Add graph of acceleration at control sensor 
· Test target does NOT include battery.
· X axis: Frequency, Y axis: PSD
· Include upper limit and lower limit of tolerance
· PSD should be within upper and lower limit.



	Figure 5.2-1-4 Battery Random Vibration Test Result (Axial direction, without battery)

	Add graph of acceleration at control sensor 
· Test target include battery.
· X axis: Frequency, Y axis: PSD
· Include upper limit and lower limit of tolerance
· PSD should be within upper and lower limit.



	Figure 5.2-1-5 Battery Random Vibration Test Result (Axial direction)







Photo

Figure 5.2-2-1 Test Configuration for Battery Vacuum Test

	Add vacuum data profile
X axis: Time, Y axis: pressure


	Figure 5.2-2-2 Battery Vacuum Test Result




Photo

Figure 5.2-3-1 Test Configuration for Battery Function Test
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Figure 5.1-3-2 Serial 001 charge characteristics
(Upper Left : Initial，
Upper Right: After vibration test,
Lower Left: After vacuum test)


	
	

	[image: ]
	[image: ]

	[image: ]
	
Figure 5.1-3-3 Serial 002 charge characteristics
(Upper Left : Initial，
Upper Right: After vibration test,
Lower Left: After vacuum test)


	
Add test results for all batteries
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Figure 5.1-3-4 Serial 001 discharge characteristics
(Upper Left : Initial，
Upper Right: After vibration test,
Lower Left: After vacuum test)
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Figure 5.1-3-5 Serial 002 discharge characteristics
(Upper Left : Initial，
Upper Right: After vibration test,
Lower Left: After vacuum test)


	
Add test results for all batteries









Table 5.2-3-1 Measurement Result of Function Test
	S/N
	Test Phase
	Visual Inspection
(Pass or Fail)
	Open Voltage[V]
(< 0.1%)
	Mass[g]
(< 0.1%)
	Capacity[mAh]
(< 5%)

	
	
	
	[V]
	Diff. [%]
	[g]
	Diff. [%]
	[mAh]
	Diff. [%]

	001
	Initial
	
	
	-
	
	-
	
	-

	
	After Vibration
	
	
	
	
	
	
	

	
	After Vacuum
	
	
	
	
	
	
	

	002
	Initial
	
	
	-
	
	-
	
	-

	
	After Vibration
	
	
	
	
	
	
	

	
	After Vacuum
	
	
	
	
	
	
	

	003
	Initial
	
	
	-
	
	-
	
	-

	
	After Vibration
	
	
	
	
	
	
	

	
	After Vacuum
	
	
	
	
	
	
	

	004
	Initial
	
	
	-
	
	-
	
	-

	
	After Vibration
	
	
	
	
	
	
	

	
	After Vacuum
	
	
	
	
	
	
	

	005
	Initial
	
	
	-
	
	-
	
	-

	
	After Vibration
	
	
	
	
	
	
	

	
	After Vacuum
	
	
	
	
	
	
	

	006
	Initial
	
	
	-
	
	-
	
	-

	
	After Vibration
	
	
	
	
	
	
	

	
	After Vacuum
	
	
	
	
	
	
	

	007
	Initial
	
	
	-
	
	-
	
	-

	
	After Vibration
	
	
	
	
	
	
	

	
	After Vacuum
	
	
	
	
	
	
	

	008
	Initial
	
	
	-
	
	-
	
	-

	
	After Vibration
	
	
	
	
	
	
	

	
	After Vacuum
	
	
	
	
	
	
	




6 [bookmark: _Toc491129572][bookmark: _Toc18314696]Conclusion
  The result of the battery verification test conforms to the requirement.


11

image1.emf
Power

Suply

Electronic

Load

Battery

Cell or pack

Data 

Acquisition

System

PC/Data

Monitor

+Battery Battery -


image2.png
Voltage, v

Charging profile for cell

45

44

43
42

41

39
38
37

36

35

0.25

05 (X5 1 125

Time, h

175





image3.png
IMAGE

Discharging profile for cell

Voltage, V

ltage
@Temperature

Time, h

Temperature, C




image4.png
Voltage, v

4.5
4.4
4.3
4.2
4.1

3.9
3.8
3.7

3.6
3.5

Charging profile for cell

0.25

0.5

0.75

Time, h

1.25

1.5

1.75





