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1.0 INTRODUCTION

A Goddard Space Flight Center (GSFC) project, the Global Precipitation Measurement (GPM) Spacecraft, is considering Li-Ion (Li-I) battery technology for onboard energy storage. This Statement of Work (SOW) pertains to the procurement of aerospace quality Li-I cells and compatible shunt circuits. Upon receipt, the cells will be characterized and used to construct a battery pack. A Low-Earth-Orbit (LEO) cycle testing under unique GPM charge profile at 20º C will be performed on the battery pack. The test data will be used to assess the Li-I technology for and to infuse Li-I battery into this mission.

2.0 SCOPE

The contractor shall furnish personnel, service, parts, materials, equipment and facilities necessary to design, analyze, manufacture, inspect, test and deliver eight (8) space qualified sealed Li-I cells and twelve (12) compatible shunt circuits. Each cell shall have greater than the nameplate capacity of 175 ampere-hours (Ah) (C) when discharged at 87.5 A (C/2) A and at 200 C to 3 V. Throughout this document, the term "C", or fraction of this term (e.g.C/2), will be used to describe the current for either charging or discharging the battery. The term "C" is a current numerically equal to the manufacturer's rated capacity in Ah as defined above.  Throughout the effort, the contractor shall keep GSFC apprised of the status of cell/battery and shunt circuit manufacturing, testing and deliverables. The contractor shall deliver the cells, shunt circuits, test data and instruction manual within 120 days after the contract award.

3.0 REQUIREMENTS

3.1 Li-Ion Battery (175Ah)

3.1.1 Cells

3.1.1.1 General Description: The Li-I battery cell is a rechargeable electrochemical energy storage device suitable for use in a space environment.  The cell shall be hermetically sealed for reliable operation as part of a satellite battery. 

3.1.1.2 Performance:

3.1.1.2.1 Operational Goals:  The cells manufactured and qualified to this requirement shall be capable of operation in LEO where the total number of charge/discharge cycles will be 20,000 with a depth of discharge (DoD) of 33 percent.  Discharge rate will vary from 5 to 525 A.  Cell operating temperature range will be 20o + 10o C.  Charge current will be in the range of 0 to 175 A.

3.1.1.2.2 Life Goals:  The cells shall have a reliable activated life of 10 years minimum including up to 5 years on the ground for manufacturing, test, and storage followed by a minimum of 5 years LEO operations.

3.1.1.2.3 Capacity: Capacity at C/2 rate discharge rate at various temperatures of a fully charged cell shall be greater than:
0º C  

0.9*C

20º C

C

40º C

1.0*C
Cell Capacity difference between cells shall be ± 3 % at all temperatures.

Charge Retention of a fully charged cell after 72 hours of open circuit stand at 20º C shall be greater than 0.95 * C.

3.1.1.2.4 High Rate Capability:  The cell shall be capable of a “3C” A discharge for 1 minute, with a minimum allowable cell voltage of 3.0 V, immediately after it has had 87.5 Ah removed at the C/2 rate.



3.1.1.2.5 Charge Rate Capability:  The discharged cell shall be capable of accepting charge at up to C rate and under GPM charge profile.

3.1.1.2.6 Impedance: The internal impedance of a cell that has been discharged to 3.0 V shall not exceed 0.7 mΩ at 20 + 5o C and the cell impedance difference shall be ±10%.

 3.1.1.2.7 Environmental Conditions:  The cell shall be capable of withstanding any combination of the environmental conditions, typical Vibration and Shock, (Japanese launch vehicle requirement – TBD) with no detrimental effects. 

3.1.1.2.8 Maximum Expected Operating Pressure (MEOP): The MEOP shall be defined and is the maximum internal pressure of the cell under conditions of maximum charge or discharge at the end of the mission and the worst case thermal environment.

3.1.1.2.9 Proof Pressure: Each cell shall be proofed to 1.5XMEOP.

3.1.1.2.10 Burst Pressure: At least one cell per lot shall be burst pressure tested to 3XMEOP.

3.1.1.2.11 Gas Leak Rate: The cell enclosure shall provide a hermetic seal for the cell contents.  The measured gas leak rate when tested with helium gas shall not be greater than 1.0 X 10-8 (std He) atm cc/sec.

3.1.1.2.12 Abuse Conditions: The following abuse conditions shall not result in any catastrophic condition/failure.

Over-discharge/reversal

Charging (maximum 200% of Rated Capacity)
Over-temperature

Drop test

Internal and external shorting

3.1.1.2.13 Safety Measures: The following additional safety measures shall be incorporated.

The polarity of the terminals shall be clearly marked (etching preferred but non-erasable ink acceptable for the test cells).

The terminals shall be taped, guarded or otherwise given positive protection against shorting when not in use.

The vendor shall prepare a report describing the hazardous nature of the cell and the precautions to be taken during the handling of the cell.

3.1.2 Shunt Circuit

3.1.2.1 General Description: 

Li-I battery shunt circuits shall protect Li-ion cells from damages due to application of over-charging and over voltage, and equalize the voltage of all cells used in the battery assembly. To properly protect the cell and equalize cell voltage without any degradation of the battery performance, the shunt circuit shall be designed to match the cell characteristics precisely. 

3.1.2.2 Performance:

The shunt circuit shall meet the following performance requirements.  

(1) Electrical 

・Cell over-voltage detection level (V) 
: 4.35±0.005V (Tc＝15～35ºC）

・Shunt current (A) 
 


: 0 - 5A

・Charge-up detection level (V)  

: Same as the cell over-voltage detection 






level

・Charge-up indication signal (PHOUT)  
: Charge-up state shall be indicated as a low 
voltage level. Other states shall be indicated as a high voltage level. Open collector interface shall be used.

(2) Thermal

・Operating temperature range 

: -10 to +40 ºC

・Storage temperature range


: -10 to +70 ºC 

(3) Mechanical 

・Envelope
: Max. 50×25×10mm 

・Foot Print  
: Max. 12.5cm２
・Weight  
: Max. 16g

3.1.2.3 Quality Assurance:

The shunt circuit shall meet the requirements on hybrid ICs specified in MIL-STD-883.

3.2 Progress Report

The contractor shall report the status of battery manufacturing, testing and deliverables. 

4.0 DELIVERABLES

4.1 Deliverable Items

	Item
	Quantity

	Space-qualified Li-Ion 175Ah cells
	8

	Matching shunt circuits
	12

	Test data(Note)
	1 set

	Instruction manual
	3

	Progress reports
	Bi-weekly


Note: The test data shall include the following item as a minimum.

(1) Test Data on Cells

Cell Test Data on each delivered cell shall include as a minimum:

· Cell Design, Description of Cell Build with drawings (3.1) and Anomalies

· Clearly marked polarity, activation date and lot information

· Weight (before and after electrolyte fill)

· Dimension

· Visual Inspection

· Impedance (3.2.6)

· 20oC Standard Capacity (3.2.3)

· 0oC Standard Capacity (3.2.3)

· 40oC Standard Capacity (3.2.3)

· High Rate Capability (3.2.4)

· Charge Retention (3.2.3)

· Helium Leak Test (3.2.11)

· Radiographic Inspection

· Cell Handling and Storage

Other Supporting Documents on the cells if available:

Operational Goals (3.2.1), Life Goals (3.2.2), Charge Rate Capability (3.2.5), Environmental Conditions (3.2.7), Maximum Expected Operating Pressure (MEOP) (3.2.8), Proof Pressure (3.2.9), Burst Pressure (3.2.10), Gas Leak Rate (3.2.11), Abuse Conditions (3.2.12) and Safety Measures (3.2.13).

(2) Test Data on Shunt Circuit

· Cell over-voltage detection level

· Charge-up detection level

· Mechanical characteristics

· Inspection results

4.2 Preparation for Shipment

The contractor shall be responsible for packing and packaging of all deliverables for delivery in a manner adequate to as save undamaged arrival to the destination.  The contractor shall design and provide shipping containers.

4.3 Transportation and Storage 

Environment experienced during equipment manufacture, transportation, and storage shall be controlled with the storage condition specified in paragraph 3.1.2.2 of this SOW.  
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