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CM FOREWORD

This document is a Global Precipitation Measurement (GPM) Project Configuration Management (CM)-controlled document.  Changes to this document require prior approval of the applicable Configuration Control Board (CCB) Chairperson or designee.  Proposed changes shall be submitted to the GPM CM Office (CMO), along with supportive material justifying the proposed change.  Changes to this document will be made by complete revision.

Questions or comments concerning this document should be addressed to:

GPM Configuration Management Office

Mail Stop 422

Goddard Space Flight Center

Greenbelt, Maryland  20771
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1.0 INTRODUCTION

1.1 Scope

This specification describes the performance, design, electrical, mechanical, environmental, safety, and verification testing requirements for a space-qualified Battery Assembly for a Goddard Space Flight Center (GSFC) spacecraft for the Global Precipitation Measurement (GPM) mission.

1.2 Definitions

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 a battery.  The term “C” is a current numerically equal to the rated capacity in ampere-hour (Ah).  Therefore, to charge a manufacturer’s cell or battery rated at 20 Ah at C/2 would be to charge the cell or battery at a current of 10 A.

“C” is also the rated/nameplate capacity.  For GPM this shall be the manufacturer’s expected minimum capacity at end-of-life (EOL), in Ah, obtained when a battery is discharged to 24.0 V, from a full state-of-charge (SOC), at a C/2 rate at 20˚C.

“C*” shall be used to describe the actual beginning-of-life (BOL) capacity obtained in Ah.  This shall be the capacity obtained when a battery is discharged to 24.0 V, from a full SOC, at a C/2 rate at 20˚C.  At beginning-of-life (BOL) this is expected to be greater than 120% of the rated capacity.  

Depth-of-Discharge (DOD) is defined as the percentage of capacity discharged divided by the rated capacity.  Therefore, a 60% DOD would be achieved by discharging 60 Ah from a battery with a rated capacity of 100 Ah.

Throughout this document, a cell lot shall be defined as the cells produced from the same batch of source materials used to build the cell plates.

Throughout this document, the GPM Lithium-Ion (Li-Ion) Battery Assembly (or flight set or complement) shall be referred to as the Battery, and shall consist of either two or three individual batteries as defined by the Contractor that meet the requirements of this specification.

In this document, the two Life Test Packs shall be defined as a non-flight assemblies of a sufficient quantity of battery cells one pack from the same lot as the flight batteries, the second with cells from the same lot as the test batteries, in a configuration suitable for ground life cycle testing to verify and characterize GPM battery life performance.  It is expected that each of the Life Test Packs will contain at least 60% the quantity of cells as used in each flight battery.  Ancillary items such as disconnect relays, cell bypass switches, ground charge diodes, etc. are not required.  For any flight battery design that employs a single string of series cells within each battery the test packs shall consist of no less than five series cells.  For any flight battery design that employs parallel strings within each battery each string shall have eight series cells.    

In this document, a requirement is identified by “shall,” a good practice by “should”, permission by “may”, or “can”, expectation by “will”, and descriptive material by “is.”

2.0 Documents

The following documents and drawings in effect on the day this specification was signed shall apply to the fabrication and to the electrical, mechanical, and environmental requirements of the Battery to the extent specified herein.  In the event of conflict between this specification and any referenced document, this specification will govern, with the exception of the Global Precipitation Measurement Battery Statement of Work (GPM-EPS-SOW-0012) in which case the SOW takes precedence.

2.1 Applicable Documents

GPM-EPS-SOW-0012
Global Precipitation Measurement Battery Statement of Work 

422-01-18-001
GPM Observatory Electrical System Requirements

2.2 Reference Documents 

GPM-MECH-REQ-0012
GPM Core Spacecraft Mechanical Environmental Loads

422-40-01-004
Global Precipitation Measurement Mission Assurance Requirements

541-PG-8072.1.2
GSFC Fastener Integrity Requirements

AFSCM 91-710
Air Force Space Command Manual (AFSCM) Range Safety User Requirements Manual

ANSI/ASQ9001-2000
Model for Quality Assurance Design, Development, Production, Installation, and Servicing 

AMS 2488
Anodic Treatment, Titanium and Titanium Alloys Solution PH 13 or Higher
ASTM-E595
Standard Test Method for Total Mass Loss and Collected Volatile Condensable Materials from Out-gassing in a Vacuum Environment

EEE-INST-002
Instructions for EEE Parts Selection, Screening, Qualification, and De-rating

IPC-A-600
Acceptability of Printed Boards

IPC-D-275
Design Standard for Rigid Printed Boards and Rigid Printed Board Assemblies

IPC-2223
Sectional Design Standard for Flexible Printed Boards

IPC-2222
Sectional Design Standard for Rigid Organic Printed Boards

IPC-2221
Generic Standard on Printed Board Design

IPC-6011
Generic Performance Specification for Printed Boards

IPC-6012
Qualification and Performance Specification for Rigid Printed Boards 

IPC-6013
Qualification and Performance Specification for Flexible Printed Boards

JMR-002A
Launch Vehicle Payload Safety Standard

MIL-C-5541
Chemical Conversion Coatings on Aluminum and Aluminum Alloys

MIL-STD-882
System Safety Program for Space and Missile Systems

MIL-STD-1522
Standard General Requirement for Safe Design and Operation of Pressurized Missile and Space Systems

NASA-HDBK-4002
Avoiding Problems Caused by Spacecraft On-Orbit Internal Charging

NASA-STD-8739.3
Requirements for Soldered Electrical Connections


NASA-STD-8739.4
Requirements for Crimping Inter-connecting Cables, Harnesses, and Wiring


NASA-STD-8739.2
Workmanship Standard for Surface Mount Technology


NASA-STD-8739.1
Workmanship Standard for Staking and Conformal Coating of Printed Wiring Boards and Electronic Assemblies


S312-P-003
Procurement Specification for Rigid Printed Boards for Space Flight Applications and Other High Reliability Uses

GSFC-STD-7000
General Environmental Verification Standard (GEVS) For GSFC Flight Programs and Projects

GSFC-WM-001B
GSFC Workmanship Manual for Electrostatic Discharge Control

3.0 PERFORMANCE Requirements

3.1 GENERAL

This GSFC Specification defines the general requirements to provide the GPM Project with rechargeable Li-Ion batteries for the spacecraft power subsystem.  The spacecraft battery shall supply power to the satellite during prelaunch operations (when ground power is not available), the launch phase, the eclipse periods for all mission phases, and when load requirements exceed solar array capability.  The main purpose of this effort is to design, analyze, manufacture, inspect, test, and deliver 14 cells per lot and 3 sets of Li-Ion batteries (a set of batteries for Integration and Test (I&T), a set of batteries for Flight, and a set of spare Flight Batteries with quantity options) and a Life Test Pack per Section 1.2 to the National Aeronautics and Space Administration/Goddard Space Flight Center (NASA/GSFC).  A flight set of batteries for the GPM spacecraft shall be either two batteries minimum or three batteries maximum, with a total capacity of greater than 200 ampere-hours EOL at a nominal 28 volts.  The design of individual batteries of all sets shall be identical. Selection and matching of cells for flight and flight spare batteries shall allow a replacement battery from the flight spare set to be used with the remaining flight battery or batteries.

3.2 Specific Performance Requirements

The Contractor shall design the cells and batteries to meet the requirements in this Specification and the Global Precipitation Measurement Battery Statement of Work (GPM-EPS-SOW-0012).  The Contractor shall prepare and submit cell and battery design and performance data.  The Contractor shall include mechanical and electrical drawings in accordance with the GPM mission requirements given in Table 3 -1, and the battery design and performance specified in Table 3 -2.  The flight Batteries shall be mounted on a thermal base-plate in the GPM spacecraft as a battery assembly.  The Contractor shall perform analyses and testing to demonstrate that the cells will meet the performance and life requirements specified in this document.  Battery analyses shall be submitted as a part of the Battery Design Review presentation package, including the thermal analyses, structural analyses, cell Destructive Physical Analysis (DPA) Reports, and Failure Mode Effects Analysis (FMEA).  Life Test data shall be submitted in a Life Test Report per the requirements of the GPM Statement of Work.

3.2.1 Battery Type

The Contractor shall provide flight qualified Li-Ion cells and batteries that meet the requirements of this specification and Global Precipitation Measurement Battery Statement of Work (GPM-EPS-SOW-0012).

3.2.2 Life Requirements, including Storage Life

Mission orbit life shall be 38 months with a goal of 60 months, as defined herein, after a maximum of three years of wet storage.

Table 3‑1.  GPM Mission Unique Requirements

	Parameter
	Requirement

	Orbit
	400 km, 65˚ inclination Low-Earth-Orbit (LEO), 93 minutes orbit duration, with a maximum eclipse of 36 minutes and minimum eclipse of zero minutes

	Mission Life
	38 months at 25% DOD with a 60-month goal.



	Cycle Life
	Minimum of 16,000 charge/discharge cycles corresponding to 38 months on orbit operations, and an additional 100 cycles for ground testing with a goal of 5 years.

	Battery Assembly Operating Temperature
	20±10˚C

	Battery Assembly Survival Temperatures
	40˚C hot case, 0˚C cold case

	Capacity at 20˚C @ C/2 discharge to 24Volts (V)
	Greater than 240 Ah at BOL. 

Greater than 200 Ah at EOL

	Average Load Requirement for maximum eclipse of 36 minutes, at end of 38 month mission
	1950 Watts

	DOD after launch and early orbit operations, prior to solar array deployment (~120 minutes)
	< 60% DOD of BOL capacity planned

	DOD Limit During Mission
	< 25% DOD during nominal LEO operation

	DOD with 1 failure
	<30% DOD 

	Minimum battery assembly voltage at end of longest eclipse at eol
	> 26.5 V during nominal operation

> 24.0 V with 1 cell failure 

	Maximum end-of-charge (EOC) voltage
	< 34.5 V

	Maximum charge/discharge current
	C rate

	Maximum Battery Assembly Height x Width x Length


	30 cm  x 70 cm x 100 cm

	Battery Assembly Weight, including all Platinum resistance thermometers, sensors, relays, bypass switches, and thermal base-plate, etc.
	Allowance for up to 109 Kg 
(See section 3.4.1.1 regarding allocated mass with and  without the Battery Management Electronics) 


3.2.3 Manufacturing Controls

The contractor shall submit data to describe and substantiate that adequate manufacturing, screening and process controls exist to ensure cell and battery performance consistent with past performance when past performance is claimed as heritage.

3.2.4 Charge Control

The GPM battery assembly shall be capable of sustaining energy balance in a vacuum of less than 1 X 10 -6 torr  when cycled in a Low Earth Orbit regime in accordance with the GPM orbit parameters and charged by Voltage/Temperature (V/T) control as described in Appendix B.  The Contractor will provide the recommended V/T charge reference voltage(s) and, if required, temperature slope.      

Table 3‑2.  Cell and Battery Performance Specifications and Requirements 

	Battery voltage from 0% to 100% of rated capacity
	Within 24 - 34 Volts

	Battery capacity at 0˚C, C/2 discharge
	>0.9C*

	Battery capacity at 10˚C, C/2 discharge
	>0.98C*

	Battery capacity at 20˚C, C/2 discharge
	C*

	Battery capacity at 30˚C, C/2 discharge
	>1.02C*

	Battery capacity at 40˚C, C/2 discharge
	>1.04C*

	Charge retention capacity after 72 hours of open circuit at 20˚C
	>0.98C*

	Number of cell lots for the Integration and Test (I&T) batteries 
	1

	Number of cell lots for Flight and Flight spare battery
	1

	Cell capacity matching among cells within the I&T battery set and within the Flight/ Flight Spare combined set
	<±3%



	Impedance matching among cells within a battery
	<±1%

	72 hour open circuit charge retention capacity matching among cells within a battery
	<±1%

	Maximum battery internal impedance at EOL 
	<50 milliohms (m()

	Isolation resistance between battery terminals and case
	100 M( at 100 Volts Direct Current (VDC)

	Charge control methods for battery operation
	Voltage clamp (V/T control)

	Maximum inter-cell temperature gradients
	<2˚C

	Ground Storage Temperature, cell/battery
	5±5˚C

	Transportation temperature, cell/battery
	5±5˚C


Notes:

a. GPM is a class B Mission; reliability and long life are very important.  Test data that demonstrate meeting the mission goal duration are important.

b. Within the allowable volume and mass constraints, incorporation of excess battery capacity that lowers DOD, increases reliability and expected battery life is highly preferred.

c. The use of virtual cells (i.e. direct paralleling of individual cells within a series string of cells) is discouraged.

d. The battery selection criteria will include considerations for the battery impact on the overall power system design complexity, test complexity, and cost. 

3.2.5 Pulse Load

The battery assembly shall support a pulse power load of 2C for 5 minutes defined in section 5.5.2. Wire derating is not required for this ambient test.

3.3 FUNCTIONAL REQUIREMENTS

3.3.1 Failure Tolerance

The battery assembly design shall be a minimum of one failure tolerant, defined as one cell shorted or one cell open circuit in the battery assembly and meet the mission life, performance, and DOD requirements.  This may be accomplished by means such as but not limited to:

i. Multiple parallel cell strings within a battery which consists of cells with internal cell disconnect protection switches where  the loss of a single string can be accommodated, or  

ii. Incorporation within a battery of appropriate cell bypass mechanism(s) when using cells that do not have internal cell disconnect protection switches and possibly spare cell(s) with related switching as required, or

iii. Excess capacity such that the specified capacity, DOD, voltage performance, and cycle life of the remaining battery(ies) is maintained with one battery disconnected.  As envisioned, this approach would achieve < 30% DOD during LEO operation with the complete non-use of one battery with a cell failure, and accordingly would not incorporate cell bypass and/or spare cell provisions within the batteries as described above.

The Contractor shall provide existing test and flight data to support compliance in this fault case and identify the means of fault protection proposed.

The GPM batteries will be operated in parallel. All operational batteries (cell strings in the batteries as applicable) must have equal number of series cells for voltage compatibility. 
If a spare cell design is proposed, the supplier shall provide information on the behavior of an un-cycled cell in an array of cycled cells.

3.3.2 Electrical Power System Cell Monitoring, Balancing, and Bypass Provisions

Provisions are incorporated in the Electrical Power System (EPS) design for a GSFC built Battery Management Electronics (BME) unit if required by the selected battery implementation. See appendix B for a summary description of the EPS. If the proposed battery implementation requires any of the BME functions, then the proposed battery assembly design shall be compatible with the capabilities of the GPM Battery Management Electronics (BME).  The BME can perform cell monitoring, balancing, spare cell management and bypass switch drives (if required). The BME is being implemented to be internally redundant in a modular design to allow eliminating un-needed capabilities (if any) that are not required by the selected battery implementation. 

3.3.3 Demisability

The GPM battery assembly is required to be demisable upon re-entry of the spacecraft into the Earth’s atmosphere, with a Debris Casualty Area (DCA) of 0.0 m^2 . To ensure GSFC compliance with this requirement, the Contractor shall provide to GSFC a list of the volume and mass of titanium, stainless steel, or similar metal components (e.g. cell cases, terminals, tension rods, end plates, brackets, fasteners, etc.) that are used in the assembly for an independent GSFC demisability analysis.

3.3.4 Magnetic Dipole

The sum total magnetic flux density of the battery assembly shall be no more than 600 (TBR) nanoTesla (1 milligauss) TBR when measured 1 meter from the component.  Verification of this requirement shall be by Contractor analysis and include the effects of material properties as well as current loops.  The minimization of current loop areas in the layout of cell-to-cell and cell-to-connector high current interconnect wiring is encouraged.

3.3.5 Life Test

The two Life Test Packs shall be assembled and tested to evaluate the flight and test batteries lots cell characteristics at 30 % and 30 % DoD respectively, using comparable charge/discharge cycling for duration and temperature expected in flight during mission life.  The goal of these tests is to verify that the cell and battery design is capable of meeting the mission duration with adequate margin.  Evaluation of capacity, impedance, and voltage characteristics will be performed prior to and after completion of the life tests in order to determine sufficient capability in the flight/flight spare cell test pack.  The pack with I&T cells shall have the capacity, impedance, and voltage tests performed at nominal 6 month intervals.  The pass/fail criteria for the life test shall be associated with maintaining a minimum voltage on all battery cells above 3.0 V.  The tests will occur under temperature control, but not in vacuum.  The contractor shall provide information regarding the proposed Life Test Packs design details and test plans.

3.4 INTERFACE REQUIREMENTS

3.4.1 Mechanical

3.4.1.1   Mass

Total as delivered Battery assembly mass shall be less than or equal to 95 kilogram (kg). Additional allocation of up to 14 kg, for a total of 109 kg, if the proposed battery design does not require the use of the GSFC built Battery Management Electronics (BME) unit. 

The mass is to be measured to an accuracy of (±0.08 kg).

3.4.1.2   Center of Mass

The Contractor shall define the center of mass. The center of mass shall be determined to within ±2.5 millimeters (mm) relative to an external reference.

3.4.1.3   Envelope

The Battery assembly shall occupy a space of less than:



Height: 30 centimeters (cm) 

Length:  100 cm 

Width:  70 cm 

For the purposes of clarifying this requirement, the length and width dimensions define the mounting surface and the height and length dimensions define the connector face.  See Figure 3.4-1 below:

Note:   The envelope shown is for the overall battery assembly. The supplier shall assume a minimum spacing of 5 centimeters between the individual batteries for mounting and handling.
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Figure 3.4 ‑1.  Envelope Dimension Definition

3.4.1.4   Battery Mass

The Contractor shall provide the individual Battery mass including the breakdown of cells and other battery components.

3.4.1.5   Battery Volume

The Contractor shall provide the individual battery dimensions in all directions including a description of where clearances and access are required to accommodate electrical and mechanical integration of the individual battery to the battery mounting surface.

3.4.1.6   Battery Mounting Interface

The Contractor shall provide details regarding the individual Battery mounting surface including the material, finish, area, pattern, smoothness, and mounting holes.

3.4.2 Battery Structural

The Contractor shall provide the Battery structural design that meets all integrity design qualification levels for the launch environments in Section 4.4.  The contractor also shall provide the analysis report, test results and any flight experience information.  

The contractor shall provide a Mechanical Interface Control Drawing that includes as a minimum the following details: interface bolt pattern, mounting flange thickness, connector sizes and locations, lift fixture interface, and interface flatness.

3.4.3 Battery Thermal

The Contractor shall provide data on BOL and EOL battery cell thermal dissipation characteristics during charging and discharging for the DoD and temperature ranges specified in Table 3-1 to justify the battery thermal design and to support the spacecraft thermal analysis.  The contractor shall also provide interface temperature gradients, the treatment of battery external surfaces, interface including primer and paint (if any) and the absorptance and emmittance of the surfaces.  Also, the contractor shall demonstrate compliance using analysis, test data, and flight experience.

The spacecraft will provide the thermal control of the baseplate of each battery and maintain the thermal gradient between individual battery baseplates to 1°C of each other.

3.4.4 Electrical

3.4.4.1 Battery Electrical Power Interface

The Contractor shall provide the electrical interface for flight power including the type, quantity, and size of wiring, connectors, and grounding.  The J1 Power connector is defined in figure C-2.

3.4.4.2 Battery Signal Connector Interface

The Contractor shall provide the interface for flight telemetry including specific accommodations to monitor battery voltage, cell voltages, and temperature and the electrical interface for BME cell voltage, diagnostic reconditioning lines, and cell bypass commanding and monitoring if required (see figure C-1).  The J2 and J3 Signal connectors are defined in figures C-3 and C-4. 

3.4.4.3 Battery Umbilical Interface

The Contractor shall provide the electrical interface for the umbilical interfaces required during ground launch activities.  The J4 Test connector is defined in figure C-5.

3.4.4.4 Battery Test Interface

The Contractor shall provide the electrical interface for cell monitoring and battery testing and maintenance during ground activities.  The J5 Test connector is defined in figure C-6.

3.4.4.5 Battery Fuse Plug Connectors (if required)

The Contractor shall provide the electrical interface for cell balancing and diagnostic reconditioning circuit line fusing (if required) in fuse plugs for the primary and redundant lines.  The J6 and J7 fuse plugs are defined in figure C-7 and C-8. The test and flight fuse plugs shall be GFE.
3.4.4.6 Battery Disconnect Relays

The Battery shall include two parallel battery disconnect relays as shown in Figure C-1, Hartman part number N-422BD provided GFE (shown in appendix E), which allows dead facing the battery power lines during spacecraft ground operations and end of mission energy source passivation. The two relays shall be orthogonally mounted. The case of the relays shall be electrically isolated from the battery chassis and grounded to battery chassis through a 10KOhm ¼ watt resistor.

3.4.4.7 Battery Umbilical Charge Diode

The Battery shall include as shown in Figure C-1 an Umbilical charge double-insulated Schottky Diode capable of 10 amperes ground charge current, selected and derated per EEE-INST-002 requirements.  

3.4.4.8 Battery Cell Bypass Switches

If required by the proposed design, the bypass switches as shown in Figure C-1 shall have flight heritage and be derated for 100A. When the bypass switch is activated it shall place the cell in an open circuit state while maintaining the remaining cell string continuity.  Derating is to be per EEE-INST-002 requirements. The bypass switches shall be supplied by the battery supplier. The switch specification defining the screening and qualification of the switches shall comply with  EEE-INST-002 and shall require GSFC approval as a non-standard part. Bypass switch electrical drive requirements shall be consistent with 4.3.1.5.

3.4.4.9 Battery Spare Cell Relays

If proposed by the contractor, the battery spare cell relays shall be Hartman 100A part number N-422BD. If required, they shall be provided GFE to the Contractor. The mounting and ground isolation shall be as described in 3.4.4.7.  A concept for spare cell switching, if proposed, is shown in Figure C-1.  The two relays provide redundant connections for the normal un-bypassed cell configuration.  Although separate relay “on” and “off” command lines and telemetry status are provided to guard against inadvertent cell shorting (i.e. controlled command sequence with pre and post command relay position telemetry verification), the relays should also be constrained to prevent inadvertent cell shorting by wiring one relay’s auxiliary contact set in series with coil drive signals to the other relay to provide hardware command interlocks.

3.4.4.10 Battery Signal Line Buffer Resistors

The buffer resistors as shown in Figure C-1 shall be mounted on a PC or terminal board of Contractor design. Parts shall be provided by the Contractor. Procurement screening and derating is to be per EEE-INST-002 requirements.

3.4.4.11 Battery Temperature Sensors

Each battery shall be equipped with eight temperature sensors as shown in Figure C-1.  All sensors shall be Rosemount Engineering Co. P/N 0118MM2000AEAAAC, precision platinum temperature transducer (PRT), 2000Ω, 1%, 2-Wire (Platinum, 1.5" Long), ESA 4006, Level B, LAT 3. Two sensors shall be  mounted on the top center of the battery.  The other six temperature sensors shall be mounted at mutually agreed upon locations of the battery based on the thermal analysis. The sensors shall be mounted such that the sensor to battery surface gradient is negligible.

3.4.4.12 Battery Disconnect Relay Coil Diodes

The battery disconnect relay coil diodes as shown in Figure C-1 shall be mounted on a PC or terminal board. The zener diode shall be rated at 28 volts and is to ensure that the disconnect relays can not be inadvertently activated by signals up to the bus voltage level. The parts shall be provided GFE. 

3.4.4.13 Battery/Cell Case Isolation Resistors

The 10 K , ¼ watt battery and relay case isolation resistors as shown in Figure C-1 shall be mounted on a PC board or terminals of Contractor’s design. Parts shall be provided by the Contractor and shall meet EEE-INST-002 requirements.

4.0 CONSTRAINTS

4.1 External Adjustment

The Battery shall be designed so that no external adjustments are required after start of acceptance or qualification testing.

4.2 MECHANICAL

4.2.1 Mounting

The individual batteries will be hard-mounted on a mechanical surface of the spacecraft structure to form the battery assembly.  Proper fit/alignment of the individual Battery to the structure shall be inherent in its design, fabrication, and assembly to the structure, through the use of matched tooling and/or close dimensional control in the location of mounting holes and the use of correct mounting hardware.  The mounting interface shall be defined in the Mechanical Interface Control Drawing. Lifting points shall be provided on each battery.  The battery assembly mounting on the spacecraft is being designed by GSFC so that the removal of an individual battery does not require other battery or batteries to be removed for access or their connectors demated.   

4.2.2  Minimum Resonant Frequency

The individual battery shall have a minimum structural fundamental frequency of 70 Hertz (Hz) when constrained (similar to flight) at the spacecraft interface.  

This requirement shall be verified by test during structural sine sweep testing.

4.2.3 Finish

All parts shall be passivated.  Aluminum parts shall be finished with iridite per Chemical Conversion Coatings on Aluminum and Aluminum Alloys (MIL-C-5541), Class 3.  Titanium surfaces shall be finished per the Anodic Treatment, Titanium and Titanium Alloys Solution PH 13 or Higher (AMS 2488).  The electrically conductive surfaces identified in the design shall be masked.

4.3 ELECTRICAL

The electrical interface configuration shall meet the overall requirements of this specification.

4.3.1 Inputs

The presence or absence of any combination of the input signals applied in any sequence shall not damage the individual Battery, reduce its life expectancy, or cause any malfunction, either when the unit is powered or when it is not.  No sequence of commands shall damage the Battery, reduce its life expectancy, or cause any malfunction.

4.3.1.1   Power Input Configuration

The direct current (DC) power and return will be routed to the spacecraft as twisted pairs and will be shielded if required.  The power inputs and their associated returns should not use adjacent pins on the connector to the extent possible. 

4.3.1.2   Input Voltage Level

The nominal spacecraft bus voltage range will be 24 – 35.0 V nominal.  Any electronics on the battery shall not sustain damage at any DC input voltage level between 0 VDC and 40.0 VDC. 

4.3.1.3   Internal Fusing/Over-Current Protection 

There shall be fuse plugs as described in Appendix D provided to the contractor as GFE to protect the cell balancing and diagnostic reconditioning lines (if required). The fuse plugs (if required) shall be placed in an accessible location on the battery for inspection and replacement as needed during various phases of battery and spacecraft ground operations.  

4.3.1.4  Ground Relay Commands

External ground commands needed by each battery disconnect relay shall be as defined :

ON commands: 50 to 500 msec, , Voltage 24 to 35 V

OFF commands: 50 to 500 msec, amperes, 56 to 60 Volts

The nominal coil resistance of the relay is 80 Ohms at 25°C.

4.3.1.5 Spare Cell Bypass Relay Commands (if required by battery contractor design):

ON commands: 50 to 500  msec , Voltage 24 to 35 V

OFF commands: 50 to 500  msec Voltage 24 to 35 V

4.3.2 Connectors

External battery connectors shall be chosen from those in the Instructions for EEE Parts Selection, Screening, Qualification, and De-rating (EEE-INST-002).  If the component requirements cannot be met using one of these connectors, equivalent alternates may be used if it meets the de-rating criteria of Instructions for EEE Parts Selection, Screening, Qualification, and De-rating (EEE-INST-002), or after successful completion of a qualification program based upon the guidelines contained therein and must have GSFC approval.

4.3.2.1   Power Connector

The power connector shall interface the Battery positive and negative terminals with the power bus.  This connector shall be a circular scoop-proof connector, using receptacle (female) contacts, and be keyed to prevent improper connections.

4.3.2.2   Signal Connectors

The signal connector shall interface the Battery with the PSE and BME and shall contain the following leads:

a. Battery voltage

b. Battery temperature sensors (6)

c. Battery disconnect relay status

d. Battery disconnect relay coil command 

e. Battery connect relay coil command

f. Cell voltages (up to 9 cells per battery)

g. Cell bypass switch commands (8 switches) if needed.

h. Battery diagnostic reconditioning wiring (if required)

The connector shall be a circular scoop-proof connector, use receptacle (female) contacts, and be keyed to prevent improper connections.

4.3.2.3   Umbilical Connector

The Umbilical connector shall interface the battery with the ground during integration, test and launch phases using receptacle (female) contacts and shall contain the following leads:

a.
Ground power for battery charging and returns. Capable of supporting 10 A

b.
Disconnect relays disable command, status and return.

c.
Battery temperature sensor and return

d.
Battery voltage sense and return.

4.3.2.4   Test Connector

Each battery shall be provided with an independent test connector for monitoring battery voltage, cell/string voltages, and battery temperatures. Battery test interfaces shall follow the test signal rules listed below:

a.
The Battery may include test signals at test connectors that are not directly wired to a flight circuit (not isolated) and that are used for ground test operations.

b.
Test connectors must meet the same specifications as any flight connector on the Battery. 

c.
Vendor must provide flight-approved radio frequency (RF), static control covers, connector savers, and mating connectors for all connectors. 

Circuits wired to the test connectors must be designed to prevent damage due to an external short, test equipment malfunction, or electrostatic discharge (ESD).

The test connector shall contain the following leads:

a.
Battery voltage

b.
Battery temperature sensor

c.
Battery disconnect relay status

d.
Cell voltages, buffered by 10K resistors

e.
Battery + (for Supporting C/10 current)

f.
Battery – (for supporting C/10 current)

The connector shall be a circular scoop-proof connector, use receptacle (female) contacts and be keyed to prevent improper connections.

4.3.2.5   Fuse Plug Connectors

If required, each battery shall have fuse plug connectors as described in figure C-7 and C-8 and appendix D.

4.3.3 EMI/EMC 

No EMI/EMC tests required.

4.3.4 Wiring

Conventional wire used in each battery harnesses shall conform to the following requirements:

a.
Minimum wire size for signals is 24 AWG.

b.
All harnessing must be fabricated from non-flammable or self-extinguishing materials that meet the outgassing criteria of <1.0% TML and <0.1% CVCM when tested in accordance with ASTM E595.

c. All current carrying power wires must be de-rated in accordance with EEE-INST-002.

d. Minimum wire size for power is 22 AWG.

4.3.4.1   Wire Sizing and Number

Each battery shall provide power and return inputs, each sized appropriately, to accommodate 135 A current draw within de-rating guidelines of EEE-INST-002 for wire in a bundle.

4.3.4.2   External Cable and Signal Shielding (If applicable)

All external component signal lines shall be shielded.  External component power wires shall be shielded on a case-by-case basis, if it is determined to be necessary by the EMC tests performed before delivery (if required).  

4.3.5 Grounding

Each battery chassis mounting will be electrically isolated from the spacecraft structure. The battery power and return lines shall be isolated from temperature sensor, relay signal and bypass switch (If required) lines and battery chassis by greater than 100 MΩ.  There shall be redundant 10 KOhm resistors with one side connected to the battery chassis and the other side brought to connectors J2 and J3 for connection to the spacecraft structure.

4.3.6 Surface/Dielectric Charging Protection (If applicable)

The electronics in the battery (if required) shall meet the following requirements in order to survive the GPM charging environment.

4.3.6.1   Internal Charging

The electrical design shall prevent internal charging/discharging effects that can damage the electronic components or disrupt operations.  Internal charging effects shall be controlled by shielding all electronics elements with sufficient aluminum equivalent thickness (100 mil Aluminum [Al] for bulk dielectrics or to 100 mil Al equivalent for Teflon harness insulation) so that the internal charging rate is benign

Internal dielectrics materials with bulk resistivity of >1012 (-cm (such as the connectors, thermal isolators, thermistor mounting, and other materials such as Kapton and Teflon insulators) that do not meet the shielding requirement shall be controlled via one of the methods described in the following:

a.
Limit the electron flux to insulators by shielding to 1010 electrons/cm2 in 10 hours.  (This can be met with plate shielding with 110 mil Al for bulk dielectrics or to 60 mil Al equivalent for Teflon harness insulation.)

b.
Filter nearby circuitry to withstand a 5,000-V, 20-pf, 10-( discharge.  Detailed analysis of discharge could result in smaller or larger discharge source than above.  

c.
Coat the exterior surface of the dielectric with a grounded layer with a resistivity of <109 (/sq.

d.
Prevent the discharge from reaching a victim circuit by EMI shielding and or grounded conductive barrier that will safely absorb and dissipate the discharge.

If none of above control techniques can be applied, the impacts of the discharge from the dielectric material shall be assessed for an approval.

Ungrounded (floating) conductors shall not be allowed in the Battery.  This includes unused wires in harnesses; ground test sensors; unused or unpopulated circuit board traces; ungrounded IC, transistor, or capacitor cases; spare pins in connectors; aluminum or copper tape; ungrounded bracketry for harness or connectors; TC105 harness tie-down clips; harness P-clamps; conductive epoxy; thermostat cases; screws; or nut plates. 

The relay cases in the battery shall be electrically isolated from the battery chassis and grounded to the spacecraft chassis through 10 KOhm resistors.

Leakage impedance of conductive internal parts shall be less than 10,000 (.  This requirement applies to conductive fittings on dielectric structural parts.  Further investigation into these effects and mitigations of internal charging can be found in the Avoiding Problems Caused by Spacecraft On-Orbit Internal Charging Effects (NASA-HDBK-4002).

4.3.7 Dielectric Strength

Dielectric material between mutually isolated electrical circuits shall withstand a test voltage of at least 200 VAC for 60 seconds without exceeding a current of 1.0 mA.

4.3.8 Insulation Resistance

Insulation resistance between mutually isolated electrical circuits shall be at least 100 M( at a test voltage of at least 100 VDC for 60 seconds minimum.

4.4 ENVIRONMENT

The component shall be designed to withstand (without degradation of specified performance) the operational and non-operational environments specified in the following section.

4.4.1 Static Loads

Each battery shall demonstrate the ability to survive interface limit loads provided in the mass acceleration curve below.  Loads are considered to act in any direction, individually.  Structural analyses shall be performed to show positive margins of safety for all metallic structural components against the “Acceptance Loads” shown in Figure 4-1 using a factor of 1.25X with regard to yield and 1.4X with regard to ultimate material strength.  If non-metallic structural components are used, then appropriate factors of safety for analysis can be found in GPM 422-06-01-07-002, GPM Core Spacecraft Mechanical Environmental Loads and Test Requirements.  
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Figure 4-1 – Mass Acceleration Curve for static design and testing limit loads

4.4.2 Vibro-accoustic Loads

Each battery shall be capable of withstanding the random vibration levels shown in Table 4-1 and the sine vibration levels of Table 4-2, individually applied to three mutually orthogonal axes.  Random vibration levels may be reduced with increased mass according to GSFC-STD-7000, April 2005 (GEVS), Table 2.4-3.  Components which are powered on at launch must meet this requirement when powered.  (NOTE:  The Battery is powered at launch.)

Table 4‑1.  Random Vibration for Components 

(Use equation in table for components with greater than 22.7 kg mass )

[image: image2.png]Frequency ASD Level (g%/Hz)
Hz Qualification Acceptance
20 0.026 0013
20-50 +6 dBloct +6 dBloct
50-800 016 0.08
800-2000 -6 dBloct -6 dBloct
2000 0.026 0013
Overall 14.1 Grms 10.0 Grms

The acceleration spectral density level may be reduced for components
weighing more than 22.7-kg (50 Ib) according to

Weight in kg Weight in Ib

0 log(W/22.7) 10 log(W/50)

16+(22.7/W) 0.16+50/W)  for protoflight
08+(22.7/W) 0.08-(50W)  for acceptance

dB reduction

ASD(50-800 Hz)
ASD(50-800 Hz)

Where W = component weight

The slopes shall be maintained at + and - 6dB/oct for components weighing
up to 59-kg (130-Ib). Above that weight, the slopes shall be adjusted to
maintain an ASD level of 0.01 g2/Hz at 20 and 2000 Hz.





Table 4‑2.  Sine Sweep Vibration Test Levels 

	Axis
	Frequency (Hz)
	Acceptance (Flight)

Level
	Qualification 

Level

	Lateral
	5 to 50
	6.4 g
	8.0 g

	Axial
	5 to 50
	6.4 g 
	8.0 g


4.4.3 Ascent Depressurization

All components susceptible to depressurization during flight shall be designed to survive the following ascent pressure profile shown in Figure 4-2.


[image: image3]
Figure 4-2 – Ascent Pressure Profile.

4.4.4 Thermal

Each battery shall be capable of operation with baseplate temperatures defined in Table 4-3.  Unless specifically approved by the COTR or his representative, the thermal design shall dissipate heat conductively through the mounting interface, which should be assumed to be at the qualification temperatures.  The temperature tolerances during testing shall be established to ensure the battery is not exposed to any temperature extremes which may harm the performance of the battery.  

Table 4‑3.  Cell/Battery Temperature Limits 

	Condition
	Cold Limit 

(degrees C)
	Hot Limit 

(degrees C)

	Operational Temp
	10
	30

	Acceptance Temp
	10
	30

	Qualification/I&T Temp
	0
	40

	Survival Temp
	0
	40


4.4.5 Vacuum

The battery shall be capable of meeting all performance requirements of Section 4.3 at ambient pressure as well as when exposed to a vacuum environment of 1 x 10-6 Torr, or less.

4.4.6 Radiation – Total Dose

All EEE parts shall be able to tolerate a total dose of 10krads (Si). This requirement is based on 100 mils of aluminum shielding.

4.4.7 Humidity

The battery shall be capable of meeting the requirements herein during and after exposure to 30 to 70% relative humidity.

4.5 MATERIALS

The Contractor shall provide all cell and battery materials; identify the %Total Mass Loss (TML) and %Collected Volatile Condensable Mass (CVCM) for all battery materials when tested in accordance with the Standard Test Method for Total Mass Loss and Collected Volatile Condensable Materials from Outgassing in a Vacuum Environment (ASTM E595) and resistance to moisture/corrosion damage during ground operations.

4.6 Safety Requirements

The Contractor shall comply with the battery requirements of Air Force Space Command Manual (AFSCM) 91-710, Volume 3 – Launch Vehicles, Payloads, and Ground Support Systems Requirements and the JMR-002A Launch Vehicle Payload Safety Standard.  The contractor shall perform a subsystem hazard analysis of the battery and cells in accordance with the Launch Vehicles, Payloads, and Ground Support Systems Requirements (AFSCM 91-710, Volume 1) and the JMR-002A Launch Vehicle Payload Safety Standard.

The Contractor shall provide test data to demonstrate the cells meet the safety performance tests described in Table 4-4.  All internal components shall comply with the bus voltage requirement.  Should any data supporting these tests be unavailable, the concerns shall be discussed and a plan developed to address the concerns. 

Table 4‑4.  Safety Performance Tests

	Abuse Tests

	Vent/Burst
	Heat to vent of the cells to 200˚C with gas capture and analysis

	Drop Test
	Drop from 3 feet and 6 feet onto a concrete surface

	Internal Short Circuit Test
	Crush a cell with a rod along the horizontal position of the cell away from the terminals

	External Short Circuit Test
	Test using 3 sets of resistors: 1(, 500 m(, 100 m( 

	Overcharge
	· Overvoltage charge: charge cell to 5.0 V clamp for 2 hours at C rate

· Fast cell charge: 3 C charge to 4.2 V

· Overcharge: after full charge, charge for 60 minutes with a 12.0 V clamp at C rate

	Overdischarge
	· Fast discharge: discharge cell at 3C rate to 2.5 V

· Overdischarge: discharge to 0.0 V and then into reversal for an additional 150% of the rated capacity

	Performance Tests

	Vent/Burst
	Determine the vent pressure of the cells.  Determine the burst pressure of the cell can by either carrying out the test on a cell can with no vents or by testing it after closing up the vent ports

	Helium Leak Test
	Cells are subjected to a vacuum condition for 6 hour and then the chamber is repressurized


5.0 Verification Requirements

The contractor shall conduct a verification program that demonstrates the hardware design is qualified and meets all requirements contained in this document.  The contractor shall provide a verification matrix defining the method of verification for each specific requirement of this document.  Verification methods include inspection, analysis, test or a combination of these techniques.

5.1 Inspection

Verification by inspection includes visual inspection of the physical hardware, a physical measurement of a property of the hardware, or the documentation search demonstrating hardware of an identical design has demonstrated fulfillment of a requirement.

5.1.1 Visual Inspection

Visual inspection of the physical hardware by a customer appointed qualified inspector.

5.1.2 Physical Measurement

Physical measurement of hardware property (i.e. mass, dimensions, etc.) demonstrating the hardware meets specific requirement.

5.1.3 Documentation

Verification of requirements based on similarity shall include supporting rationale and documentation and shall be approved by the NASA/GSFC COTR or his/her representative.

5.2 ANALYSIS

Verification of performance or function through detailed analysis, using all applicable tools and techniques, is acceptable with NASA/GSFC COTR or his representative’s approval.

5.3 Test

Represents a detailed test of performance and/or functionality throughout a properly configured test setup where all critical data taken during the test period is captured for review.

The telemetry monitoring shall include but not be limited to the battery voltage, current, temperatures, relay status, cell voltages (if applicable to selected battery design), battery chassis isolation resistance etc.

Performance parameter measurements shall be taken to establish a baseline that can be used to assure that there are no data trends established in successive tests that indicate a degradation of performance within specification limits that could result in unacceptable performance in flight.

Compliance with qualification and acceptance capacity measurements of tables 5-1 and 5-2 shall be verified as described: The battery (ies) shall be mounted on conductive uniform temperature heat sink with the same type of mounting material and hardware that is used on the spacecraft. Each battery shall be covered with thermal insulation or blankets that will simulate each battery thermal operation on the spacecraft where the internally cell generated heat is conducted to the temperature controlled baseplate.  Provisions shall be made for recording and monitoring battery test data such as temperatures, battery voltage, charge/discharge currents, and cell voltages (if applicable) during tests.       

For thermal vacuum testing; the battery (ies) shall be mounted on conductive uniform temperature heat sink with the same type of mounting material and hardware that is used on the spacecraft. Each battery shall be covered with flight type and configuration thermal blanket that is provided GFE  to the battery supplier.  Test instrumentation thermal sensors shall be mounted in critical areas and at specific reference locations as determined by thermal analysis.  These sensors shall be the means of verifying compliance to the thermal gradient requirements between cells of the battery.  Electrical performance tests shall be conducted in a vacuum that shall be less than 1 E-6 torr for qualification and acceptance tests.  The acceptance test shall be conducted at battery baseplate temperatures of 10, 20, and 30 C.  The qualification tests shall be conducted at battery baseplate temperature s of 0, 20, and 40 C.  The test chamber shall have sufficient thermal capacity for driving the battery to test temperatures.  Provisions shall be made for recording and monitoring battery test data such as temperatures, battery voltage, charge/discharge currents, and cell voltages (if applicable) during electrical cycling and between charge/discharge tests.       

5.3.1 Battery Qualification Test Plan

Battery qualification shall meet the requirements of the Contract, SPEC, and SOW for the GPM batteries.  Battery qualification by similarity with a previously flight qualified battery is acceptable.  However, the Contractor must provide compliance data that an existing battery design and manufacturing process has been flight qualified by test and flight experience.  Otherwise qualification testing shall be required.  The qualification test and procedures shall be submitted to NASA/GSFC for review and approval prior to implementation.  The minimum required battery qualification testing is listed in Table 5-1.  The qualification test data for the Battery shall be submitted to NASA/GSFC as part of the Pre-Ship Review (PSR) and the Battery Data Book.


Table 5‑1.  Battery Qualification Test 

Qualification battery shall be tested to qualification levels as defined in this sequence.

	Visual Inspection
	The vendor shall visually inspect the battery to verify that the battery complies with contractor generated and GSFC approved design specifications and to verify the absence of any physical damage.

	Physical Measurements
	The Vendor shall perform physical measurements on the battery   

Including dimensional and mass to the Mechanical Environments 

and Verification Requirements of GPM-MECH-REQ-0012

	Functional Testing


	· Isolation Resistance Check: 100 M( or greater at 100 V DC

· Temperature Sensor Checkout:  Maintain calibration and specifications over temperature range

· Mechanical Interface Control Drawing (ICD) verification

· Electrical ICD verification

· Capacity Test at 20˚C± 2˚C

· 72 Hour Charge Retention Test

· Capacity Test at 20˚C± 2˚C

· Cell balancing verification 

	Pulse Test
	Per 5.5.2

	Loads Test (Battery charged) 
	· Random Vibration

· Sine Vibration

· Static Load/Sine Burst

	Pulse Test 
	Per 5.5.2

	EMI/EMC
	Not applicable

	Thermal vacuum
	· Electrolyte Leak Check:  No cell or battery shall exhibit      

       electrolyte leakage, including a vacuum leak check to   

       <10-8cc/sec

· Thermal/electrical cycle testing using GPM mission profile

	Pulse Test
	Per 5.5.2

	· Capacity Measurements 
	· Capacity Test at 0˚C ± 2˚C

· Capacity Test at 10˚C± 2˚C

· Capacity Test at 20˚C± 2˚C

· Capacity Test at 30˚C± 2˚C

· Capacity Test at 40˚C± 2˚C

	Repeat Functional Testing
	

	Visual Inspection
	The vendor shall visually inspect the battery to verify that the battery complies with contractor generated and GSFC approved design specifications and to verify the absence of any physical damage.

	Physical Measurements
	The Vendor shall perform physical measurements on the battery including dimensional, mass, and Center of Gravity (CG).


5.3.2 Battery Acceptance Test Plan

The Contractor shall perform the testing required by the Contract, SPEC and SOW for the GPM batteries.  Testing shall be performed to verify that all the requirements are met.  The Contractor’s acceptance plan and procedures shall be submitted to NASA/GSFC for review and approval prior to implementation.  The minimum required battery acceptance testing is listed in Table 5-2.  The acceptance test data for each battery shall be submitted to NASA/GSFC as part of the PSR and the Battery Data Book.

5.4 Test Restrictions

5.4.1 Failure During Test

Testing shall be halted (as appropriate) if an anomaly occurs during testing to prevent potential damage to hardware and to preserve the failure configuration.  NASA./GSFC shall be notified within 72 hours of the incident. Anomaly investigations shall be conducted in accordance with manufacture’s approved procedure(s).

5.4.2 Modification of Hardware

Once the formal acceptance test has started, adjustment, or modification of test hardware shall not be permitted.

5.4.3 Re-Test Requirements

If any event, including test failure, requires that flight hardware to be disassembled and reassembled, then all tests performed prior to the event shall be repeated.  If the flight item has multiple copies of the same build, then all units shall be examined to determine if the problem is common.  If all copies require disassembly for repair, then each shall receive the same test sequence.

If the event results in redesign of the hardware, a retest program shall be proposed and the design requalification test shall be approved by GSFC COTR or his representative.

If the event results in simple rework of a random part failure, unrelated to the hardware design and test environments, a retest program shall be proposed that adequately screens the workmanship of the rework and reassembly.  

5.5 Test Definitions and Parameters


5.5.1 Functional Tests

The contractor shall generate detailed functional tests to verify battery operation per items listed in Tables 5-1 and 5-2 and submit for GSFC approval before implementation.

Table 5‑2.  Battery Acceptance Test 

Test and flight batteries shall be tested to acceptance levels as defined in this sequence.

	Visual Inspection


	The vendor shall visually inspect the battery to verify that the battery complies with contractor generated and GSFC approved design specifications and to verify the absence of any physical damage.

	Physical Measurements


	The Vendor shall perform physical measurements on the battery including dimensional and mass to the Mechanical Environments and Verification Requirements of GPM-MECH-REQ-0012.

	Functional Testing


	· Isolation Resistance Check: 100 M( or greater at 100 V DC

· Temperature Sensor Checkout:  Maintain calibration and specifications over temperature range

· Mechanical Interface Control Drawing (ICD) verification

· Electrical ICD verification

· Capacity Test at 20˚C ± 2˚C

· Cell balancing verification

	Pulse Test
	Per 5.5.2

	Loads Test (Battery charged) 
	· Random Vibration

· Sine Vibration

· Static load/Sine Burst 

	Pulse Test 
	Per 5.5.2

	EMI/EMC
	Not applicable

	Thermal vacuum
	· Electrolyte Leak Check:  No cell or battery shall exhibit electrolyte leakage, including a vacuum leak check to <10-8cc/sec

· Cycle testing using GPM mission profile

	Pulse Test
	Per 5.5.2

	Capacity Measurements 
	· Capacity Test at 10˚C± 2˚C

· Capacity Test at 20˚C± 2˚C

· 72 Hour Charge Retention Test

· Capacity Test at 20°C± 2˚C

· Capacity Test at 30˚C± 2˚C

	Repeat Functional Testing
	

	Visual Inspection


	The vendor shall visually inspect the battery to verify that the battery complies with contractor generated and GSFC approved design specifications and to verify the absence of any physical damage.

	Physical Measurements
	The Vendor shall perform physical measurements on the battery including dimensional, mass, and CG.


5.5.2 Pulse Test

The fully charged battery is discharged at C/2 rate to a 50% SOC.  The pulse test will consist of a 2C discharge for 5 minutes.

The Pulse Test shall be as follows:

a. The battery is fully charged and its temperature stabilized at 20°C. It is discharged at C/2 rate to a 50% SOC with baseplate maintained at 20°C.  

b. The 2C pulse discharge will then be conducted for 5 minutes.

c. Following the pulse discharge, the 0.5 discharge shall be continued to the cutoff voltage to provide a measure of battery capacity. The capacity shall > 90% of the capacity measured in the most recent 20 °C capacity test.

 Battery voltage, current and temperatures will be monitored throughout the pulse discharge test to ensure no anomalies.

5.5.3 Loads Tests

A structure design loads test to 1.25 times the levels in Figure 4-1 Mass Acceleration Curve shall be applied to the battery.

Structural Loads testing shall be verified by performing fixed frequency Sine Burst test.

No permanent deformation may occur as a result of the loads test, and all applicable alignment requirements must be met following the test.  A performance test will be conducted to verify that no damage occurred due to the loads test.

5.5.3.1   Random Vibration

The Battery shall be subjected to a random vibration test along each axis to the appropriate levels shown in Section 4.4.2.  The test item will be mounted to the test fixture as it would be mounted to the spacecraft.  A functional test will be performed before and after testing.

Prior to the test, a survey of the test fixture/exciter combination will be performed to evaluate the fixture dynamics and the proposed choice of control accelerometers.

Components which are powered on at launch shall meet this requirement when powered.

(NOTE:  The Battery is powered on at launch.)

The duration for the test shall be 1 minute per axis for acceptance and 2 minutes per axis for qualification test. 

5.5.3.2   Sine Sweep

The Battery shall be subjected to swept sine vibration testing to the appropriate levels in Section 4.4.2.  The sweep rate shall be 4 octaves/minute for Acceptance and 2 octaves/minute for Qual Tests.

A low-level signature sine sweep test shall be conducted on each component before and after vibration testing in each axis for comparison.  This test is a tool to verify no change in structural integrity from testing and to verify the primary resonant frequency meets requirements of section 4.2.2.  Components which are powered on at launch shall meet this requirement when powered.

5.5.3.3   Sine Burst

A simple Sine Burst test in each axis is a convenient method to conduct a structural loads test.  This test applies a ramped sine input at a sufficiently low frequency such that the test item moves as a rigid body.  An analysis is required to show that a base drive Sine Burst test will not cause over-test or under-test in some areas of the structure.

The Battery will be powered during sine burst testing.

Duration:  5 cycles of full level amplitude.

5.5.4 EMI/EMC  (Not Applicable)

5.5.5 Thermal Vacuum Test

Each battery shall be thermal cycled a total of twelve (12) times at the battery level.  During these tests, chamber pressure shall be less than 1.33 X 10-3 Pa. (1 X 10-5 torr).  The chamber pressure shall be verified and recorded by at least 2 independent systems.

Components shall be in flight configuration.  

5.5.5.1   Temperature Transition

Transitions from cold to hot conditions increase contamination hazards because material that has accreted on the chamber walls may evaporate and deposit on the relatively cool test item.  Transitions will be conducted at rates sufficiently slow to prevent that from occurring.  Testing will start with a hot soak and end with a hot soak to minimize this risk.

5.5.5.2   Hot/Cold Turn-On Demonstration

The Battery will be cycled twice after exposure to hot and cold survival temperatures.  For this test, the Battery may be in one of three modes:  open circuit, under voltage-recycle, or high-voltage.

5.5.5.3   Thermal/Electrical

Setup and tests during the hot and cold soaks will be conducted as described in paragraph 5.3 and Tables 4-3, 5-1, and 5-2.

All TV test temperature refers to battery baseplate temperatures, as listed in Table 4-3.  Hot plateau is at 40˚C and cold is at 0˚C for qualification battery; 30˚C and 10˚C for flight and flight spare batteries.

Qualification battery: 

Table 5‑3.  Battery Qualification TV Tests
	Thermal Cycling.

First eight cycles
	Battery is fully charged.  Thermal cycling to temperature extremes (0 ˚C to 40˚C . 

Soak time of minimum of four (4) hours.

Rate of temperature change: safe levels based on suppliers thermal analysis.

Soaks to start when cell gradients are within the specified limits.

	Electrical cycling at soak temperatures 

 Four thermal cycles
	Plateau at 40˚C.  Perform mission cycles to 25% DOD with a 36 min. eclipse and 57 min. charge time.  

Maximum of 15 cycles or until the last three consecutive cycles become stable electrically and thermally. 

Repeat at 0˚C plateau.

Repeat at  20˚C plateau.


The 20˚C  test data on the qualification battery will be used for comparing to subsequent battery (flight and flight spare) test data. 

After the conclusion of the thermal vacuum test, an Electrolyte Leak Check shall be performed:  No cell or battery shall exhibit electrolyte leakage. 

Flight and Flight Spare Batteries (Acceptance Test):

Table 5‑4.  Battery Acceptance TV Tests
	Thermal Cycling.

First eight cycles
	Battery is fully charged.  Thermal cycling to temperature extremes (10 ˚C to 30˚C . 

Soak time of minimum of four (4) hours.

Rate of temperature change: safe levels based on suppliers thermal analysis.

Soaks to start when cell gradients are within the specified limits.

	Electrical cycling at soak temperatures 

Four thermal cycles
	Plateau at 30˚C.  Perform mission cycles to 25% DOD with a 36 min. eclipse and 57 min. charge time.  

Maximum of 15 cycles or until the last three consecutive cycles become stable electrically and thermally. 

Repeat at 10˚C plateau.

Repeat at  20˚C plateau.


After the conclusion of the thermal vacuum test, an Electrolyte Leak Check shall be performed:  No cell or battery shall exhibit electrolyte leakage. 

5.5.6 Outgassion Rate Verification

The Contractor must meet an outgassing rate with a numerical number of 4.84x 10-11 g/cm2/s using a temperature-controlled quartz crystal microbalance (TQCM). The bakeout shall be performed at the hardware's maximum hardware survival temperature. The TQCM shall be maintained at -20C throughout the test to measure total outgassing of volatile outgassed condensables without the influence of water vapor. The TQCM must have a representative view of the hardware, preferably a vent. 

The following test data shall be collected and delivered to GSFC: Chamber configuration (ie. chamber size, use of shrouds, TQCM location, cold finger/scavenger plate locations (if used), and general test setup), TQCM readings (taken as a minimum every 0.5 hours), hardware temperature, chamber/shroud temperature, TQCM temperature, and pressure. If the Contractor’s vacuum chamber uses a shroud to elevate and sustain an item’s temperature for bake-out, background TQCM measurements shall be conducted before the bake-out with chamber in bake-out configuration in order to determine flight hardware contribution. Provision shall be made to measure effectiveness of pump system. The value of a chamber’s exit conductance is generally much lower than the rating of its pump alone. This is necessary to relate TQCM deposition rates to source outgassing rates 

If the Contractor uses a bake-out box, the chamber shall feature a shroud held at temperatures below the TQCM reading so as not to interfere with it, otherwise the bake-out box shall feature a coldplate near the bake-out box vent to collect contaminants that would otherwise interfere with the TQCM readings. In such cases, knowledge of the chamber pump effectiveness is not necessary. 

Each flight item shall meet an outgassing certification requirement to be verified during thermal vacuum bakeout or thermal vacuum testing. The outgassing certification requirement shall be measured with a TQCM. The results of the test shall be submitted to the GPM Project for approval. The data set shall be recorded at least once every 30 minutes, for a minimum of 5 hours, during testing and shall contain, as a minimum, QCM data, temperature of hardware, TQCM temperature, and chamber pressure. In addition, the chamber configuration and cold finger data shall be delivered with the results.  

5.5.7 Capacity Tests

Capacity tests as described in paragraph 5.3 and Tables 5-1 and 5-2 shall be performed on a fully charged battery at a C/2 discharge rate to 24V with the baseplate maintained at the specified temperature .

5.6 HANDLING AND STORAGE

5.6.1 Safety Cover

Each battery shall include a safety cover to provide Electromagnetic Interference (EMI) control if required and safety/handling protection during I&T and flight.

5.6.2 Handling Fixture

A removable handling and/or lifting fixture shall also be provided to accommodate placing the Battery into and out of the shipping container as well as integration with the spacecraft.  The design shall allow for lifting of each battery from the top surface of the Battery.

5.6.3 Flight Battery Handling

Flight battery handling shall be in accordance with a manufacturer-written, GSFC approved Battery Handling Plan.

5.7 IDENTIFICATION AND MARKING

Each unit shall be permanently marked (etched) with the part number and a unique sequential serial number in the area designated on the interface control drawing in a manner to be approved by the NASA/GSFC COTR or his/her representative. All connectors shall be clearly marked/ identified.

Appendix A:  Abbreviations and Acronyms

	Abbreviation/ Acronym
	Definition

	
	

	ABML
	As-Built Materials List

	Ah
	Ampere-hour

	ANSI
	American National Standards Institute

	BBR
	Battery Buyoff Review

	BBU
	Breadboard Unit

	BGA
	Ball Grid Arrays

	BOL
	Beginning of Life

	BSP
	Board Support Package

	C
	Rated capacity, or current equal to rated capacity

	C*
	Capacity at 20(C, discharging at C/2 to 24.0 V from a full state-of-charge

	(C
	Degrees Celsius

	C&DH
	Command and Data Handling

	CBR
	Cell Buyoff Review

	CDR
	Critical Design Review

	CGA
	Column Grid Arrays

	CM
	Configuration Management

	CO 
	Contracting Officer

	COTR
	Contracting Officer Technical Representative

	CVCM
	Collected Volatile Condensable Mass

	DC
	Direct Current

	DOD
	Depth-of-Discharge

	DPA
	Destructive Physical Analysis

	EEE
	Electrical, Electronic, Electromechanical

	EMI
	Electromagnetic Interference

	EOL
	End-of-Life

	ESD
	Electrostatic-Discharge

	FMEA
	Failure Modes and Effects Analysis

	FRB
	Failure Review Board

	FU
	Flight Unit

	GFE 
	Government Furnished Equipment

	GIDEP
	Government Industry Data Exchange Program

	GPM
	Global Precipitation Measurement

	GSE
	Ground Support Equipment

	GSFC
	Goddard Space Flight Center

	ICD
	Interface Control Document

	LEO
	Low-Earth-Orbit

	LET
	Linear Energy Transfer

	Li-Ion
	Lithium Ion

	M&P
	Materials and Process Identification List

	MCD
	Manufacturing Control Document

	MCM
	Multi-Chip Modules

	MIP
	Mandatory Inspection Point

	MRB
	Material Review Board

	MUA
	Materials Usage Agreement

	NASA
	National Aeronautics and Space Administration

	OSS
	Office of Space Science

	PEMs
	Plastic Encapsulated Microcircuits

	PER
	Pre-Environmental Review

	PIL
	Parts Identification List

	PIND
	Particle Impact Noise Detection

	PSR
	Pre-Ship Review

	PWB
	Printed Wiring Board

	QA
	Quality Assurance

	QCM
	Quartz Crystal Microbalance

	RBP
	Reliability Block Diagrams

	ROM
	Read-Only Memory

	SCC
	Stress Corrosion Cracking

	SCM 
	Software Configuration Management

	S/C
	Spacecraft

	SEE
	Single-Event Effects

	SEU
	Single-Event Upset

	SOC
	State of Charge

	SOW
	Statement of Work

	SUROM
	Startup Read-Only Memory

	TML
	Total Mass Loss

	TID
	Total Ionizing Dose

	TIM
	Technical Interchange Meeting

	TQCM
	Temperature Controlled Quartz Crystal Microbalance

	V
	Volt

	WVR
	Waiver


Appendix B:  GPM Electrical Power Subsystem (EPS) Summary Description

A summary GPM power subsystem description is provided here.  

The GPM Power Subsystem is a Direct Energy Transfer (DET) system with the batteries connected in parallel and directly to the solar array and power bus.  The Battery Assembly with two or three batteries are discharged and charged in parallel.  A simplified GPM Power Subsystem diagram is provided in Figure B-1.


[image: image4]
Figure B-1, GPM Power Subsystem Simplified Block Diagram

The battery voltages are “OR’ed” for Voltage/Temperature (V/T) control as an equivalent single battery in the PSE. The battery voltage is expected to be between 24V – 34.5V monitored to within 100mV accuracy (worst case, over life).  The battery assembly V/T charge is performed with multiple selectable limits with a 12-bit Digital to Analog Converters (DACs). Maximum charge current for the battery assembly is set by the PSE to between 0 – 100A, and is controlled to within 300 mA accuracy.  One battery can be taken off-line for diagnostic evaluation in case of battery/cell degradation with small charge and discharge circuits.  Redundant small off-line low current (<=2A) battery chargers are available with constant current charge to a voltage/temperature limit. Regular reconditioning is not planned.

The GPM Thermal Subsystem will provide tight battery assembly baseplate temperature control (maximum 1°C between battery baseplates).  Harness wiring between each battery and the PSE will be identical (length, gauge, twist, etc.) to insure equal current sharing of the batteries.  The GPM Electrical Power Subsystem (EPS) will have the capabilities (if required) for individual battery cell voltage monitoring, cell bypass, balancing, and partial diagnostic reconditioning in a Battery Management Electronics (BME) unit.  The BME design, if used, will allow battery cell balancing continuously during the mission. 

 The EPS also provides capabilities for end-of-mission battery passivation by discharging to around 24 V and disconnecting the batteries from the bus.

The spacecraft and the EPS are designed to operate as an 8-series cells battery configuration. The BME, if required, can support cell telemetry monitoring and individual cell balancing of 2 to 3 batteries. Additional capabilities are included for possible spare cell within each battery.  If required by the proposed battery design, the system will be capable of continuously balancing and monitoring of all the cells of up to 3 batteries (for a total of 27 cells maximum). 

 If the proposed battery cell design does not incorporate internal cell isolation protection switching, and the proposed design requires by-pass switches, the BME system will be capable of supplying redundant 2 A (TBR) source-limited current pulses at between 21 and 35 volts to activate the cell bypass switches. The BME will be capable of supporting up to 24 cell bypass commands.

The spacecraft on-board processor will have the capability to monitor the battery and cell voltages (as applicable), in addition to temperatures and currents.  The on-board processor can command a battery off-line if a cell failure or a battery anomaly is detected. If cell bypassing is required by the selected battery design, the commanding to activate a by-pass switch will be done by ground special commands. 

The BME is planned as a fully redundant system. The design approach of the BME and the EPS are modular such that parts or all of the BME may be removed depending on the battery cell design and battery configuration selected. 

Appendix C:  Generic Functional Wiring Diagram and Connector Tables


Important Note:  Depending on the cell design approach proposed by supplier, not all elements shown in Figure C-1 may be required
Figure C-1.  Generic Functional Wiring Diagram  
	J-1 Power Connector (Circular Scoop Proof): 

	
	
	

	
	Wire Gauge
	Destination

	Power (+)
	12
	PSE A-B

	Power (+)
	12
	PSE A-B

	Power (+)
	12
	PSE A-B

	Power (+)
	12
	PSE A-B

	Power (+)
	12
	PSE A-B

	Power (+)
	12
	PSE A-B

	Power (+)
	12
	PSE A-B

	Power (+)
	12
	PSE A-B

	Power (+)
	12
	PSE A-B

	
	
	

	Power (-)
	12
	PSE A-B

	Power (-)
	12
	PSE A-B

	Power (-)
	12
	PSE A-B

	Power (-)
	12
	PSE A-B

	Power (-)
	12
	PSE A-B

	Power (-)
	12
	PSE A-B

	Power (-)
	12
	PSE A-B

	Power (-)
	12
	PSE A-B

	Power (-)
	12
	PSE A-B

	
	
	

	Spare
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Figure C-2.  J-1, Power Connector

	J-2 Signal Connector “A” (Circular Scoop Proof)

	
	
	

	Description
	Wire gauge
	Destination

	Cell 1 bypass switch initiator lead 
	22
	BME-A

	Cell 1 bypass switch initiator lead return 
	22
	BME-A

	Cell 2 bypass switch initiator lead 
	22
	BME-A

	Cell 2 bypass switch initiator lead return 
	22
	BME-A

	Cell 3 bypass switch initiator lead 
	22
	BME-A

	Cell 3 bypass switch initiator lead return 
	22
	BME-A

	Cell 4 bypass switch coil initiator lead 
	22
	BME-A

	Cell 4bypass switch initiator lead return 
	22
	BME-A

	Cell 5 bypass switch initiator lead 
	22
	BME-A

	Cell 5 bypass switch initiator lead return 
	22
	BME-A

	Cell 6 bypass switch initiator lead 
	22
	BME-A

	Cell 6 bypass switch initiator lead return 
	22
	BME-A

	Cell 7 bypass switch initiator lead 
	22
	BME-A

	Cell 7 bypass switch initiator lead return 
	22
	BME-A

	Cell 8 bypass switch initiator lead 
	22
	BME-A

	Cell 8 bypass switch initiator lead return 
	22
	BME-A

	Temperature sensor 1 (+) 
	22
	PSE-A

	Temperature sensor 1 (-) 
	22
	PSE-A

	Temperature sensor 2 (+) 
	22
	PSE-A

	Temperature sensor 2 (-) 
	22
	PSE-A

	Temperature sensor 3 (+) 
	22
	PSE-A

	Temperature sensor 3 (-) 
	22
	PSE-A

	Relay 1 ON 
	22
	PSE-A

	Relay 1 return 
	22
	PSE-A

	Relay 2 ON 
	22
	PSE-A

	Relay 2 return 
	22
	PSE-A

	Relay 1 OFF 
	22
	PSE-A

	Relay 1 return 
	22
	PSE-A

	Relay 2 OFF 
	22
	PSE-A

	Relay 2 return 
	22
	PSE-A

	Relay 1 status 
	22
	PSE-A

	Relay 1 status return 
	22
	PSE-A

	Relay 2 status 
	22
	PSE-A

	Relay 2 status return 
	22
	PSE-A

	Relay 3 ON (Spare cell bypass)
	22
	PSE-A

	Relay 3 return 
	22
	PSE-A

	Relay 4 ON (Spare cell bypass)
	22
	PSE-A

	Relay 4 return 
	22
	PSE-A

	Relay 3 OFF (Spare cell bypass)
	22
	PSE-A

	Relay 3return 
	22
	PSE-A

	Relay 4 OFF (Spare cell bypass)
	22
	PSE-A

	Relay 4 return 
	22
	PSE-A

	Relay 3 status 
	22
	PSE-A

	Relay 3 status return 
	22
	PSE-A

	Relay 4 status 
	22
	PSE-A

	Relay 4 status return 
	22
	PSE-A

	Battery voltage telemetry
	22
	PSE-A

	Battery voltage telemetry return
	22
	PSE-A

	Battery voltage V/T
	22
	PSE-A

	Battery voltage V/T return
	22
	PSE-A

	Cell 8 +  shunt power line 
	22
	BME-A

	Cell 8 -/ cell 7  +shunt power
	22
	BME-A

	Cell 8 positive terminal telemetry 
	22
	BME-A

	Cell 8 negative terminal telemetry 
	22
	BME-A

	Cell 7 -/cell 6  + shunt power 
	22
	BME-A

	Cell 7 positive terminal telemetry 
	22
	BME-A

	Cell 7 negative terminal telemetry 
	22
	BME-A

	Cell 6 -/cell 5 + shunt power 
	22
	BME-A

	Cell 6 positive terminal telemetry 
	22
	BME-A

	Cell 6 negative terminal telemetry 
	22
	BME-A

	Cell 5 -/cell 4 +shunt power 
	22
	BME-A

	Cell 5 positive terminal telemetry 
	22
	BME-A

	Cell 5 negative terminal telemetry 
	22
	BME-A

	Cell 4  -/cell 3 +shunt power 
	22
	BME-A

	Cell 4 positive terminal telemetry 
	22
	BME-A

	Cell 4 negative terminal telemetry 
	22
	BME-A

	Cell 3 -/cell 2 + shunt power 
	22
	BME-A

	Cell 3 positive terminal telemetry 
	22
	BME-A

	Cell 3 negative terminal telemetry 
	22
	BME-A

	Cell 2 -/cell 1 +  shunt power 
	22
	BME-A

	Cell 2 positive terminal telemetry 
	22
	BME-A

	Cell 2 negative terminal telemetry 
	22
	BME-A

	Cell 1 - / spare cell + shunt power 
	22
	BME-A

	Cell 1 positive terminal telemetry 
	22
	BME-A

	Cell 1 negative terminal telemetry 
	22
	BME-A

	Spare cell positive shunt power line 
	22
	BME-A

	Spare cell shunt power line return 
	22
	BME-A

	Spare Cell charge 
	22
	BME-A

	Spare cell positive terminal telemetry 
	22
	BME-A

	Spare cell negative terminal telemetry 
	22
	BME-A

	Diagnostic reconditioning  positive (if required)
	22
	BME-A

	Diagnostic reconditioning return (if required) Note:  Maximum reconditioning current  2 A
	22
	BME-A

	Ground wire 
	22
	Spacecraft chassis

	Spares
	
	


Figure C-3.  J-2, Signal Connector A

Important Note:  Depending on the cell design approach proposed by supplier, not all elements shown in Figure C-3 may be required 

	J-3 Signal Connector “B”(Circular Scoop Proof)

	
	
	

	Description
	Wire gauge
	Destination

	Cell 1 bypass switch initiator lead
	22
	BME-B

	Cell 1 bypass switch initiator lead return
	22
	BME-B

	Cell 2 bypass switch initiator lead
	22
	BME-B

	Cell 2 bypass switch initiator lead return
	22
	BME-B

	Cell 3 bypass switch initiator lead
	22
	BME-B

	Cell 3 bypass switch initiator lead return
	22
	BME-B

	Cell 4 bypass switch initiator lead
	22
	BME-B

	Cell 4 bypass switch initiator lead return
	22
	BME-B

	Cell 5 bypass switch initiator lead
	22
	BME-B

	Cell 5 bypass switch initiator lead return
	22
	BME-B

	Cell 6 bypass switch initiator lead
	22
	BME-B

	Cell 6 bypass switch initiator lead return
	22
	BME-B

	Cell 7 bypass switch initiator lead
	22
	BME-B

	Cell 7 bypass switch initiator lead return
	22
	BME-B

	Cell 8 bypass switch initiator lead
	22
	BME-B

	Cell 8 bypass switch initiator lead return
	22
	BME-B

	Temperature sensor 1 (+)
	22
	PSE-B

	Temperature sensor 1 (-)
	22
	PSE-B

	Temperature sensor 2 (+)
	22
	PSE-B

	Temperature sensor 2 (-)
	22
	PSE-B

	Temperature sensor 3 (+)
	22
	PSE-B

	Temperature sensor 3 (-)
	22
	PSE-B

	Relay 1 ON
	22
	PSE-B

	Relay 1 return
	22
	PSE-B

	Relay 2 ON
	22
	PSE-B

	Relay 2 return
	22
	PSE-B

	Relay 1 OFF
	22
	PSE-B

	Relay 1 return
	22
	PSE-B

	Relay 2 OFF
	22
	PSE-B

	Relay 2 return
	22
	PSE-B

	Relay 1 status
	22
	PSE-B

	Relay 1 status return
	22
	PSE-B

	Relay 2 status
	22
	PSE-B

	Relay 2 status return
	22
	PSE-B

	Relay 3 ON (Spare cell bypass)
	22
	PSE-B

	Relay 3 return
	22
	PSE-B

	Relay 4 ON (Spare cell bypass)
	22
	PSE-B

	Relay 4 return
	22
	PSE-B

	Relay 3 OFF (Spare cell bypass)
	22
	PSE-B

	Relay 3return
	22
	PSE-B

	Relay 4 OFF (Spare cell bypass)
	22
	PSE-B

	Relay 4 return
	22
	PSE-B

	Relay 3 status
	22
	PSE-B

	Relay 3 status return
	22
	PSE-B

	Relay 4 status
	22
	PSE-B

	Relay 4 status return
	22
	PSE-B

	Battery voltage telemetry
	22
	PSE-B

	Battery voltage telemetry return
	22
	PSE-B

	Battery voltage V/T
	22
	PSE-B

	Battery voltage V/T return
	22
	PSE-B

	Cell 8 positive shunt power
	22
	BME-B

	Cell 8-/cell 7  +shunt power
	22
	BME-B

	Cell 8 positive terminal telemetry
	22
	BME-B

	Cell 8 negative terminal telemetry
	22
	BME-B

	Cell 7 -/cell 6 +shunt power
	22
	BME-B

	Cell 7 positive terminal telemetry
	22
	BME-B

	Cell 7 negative terminal telemetry
	22
	BME-B

	Cell 6  -/cell 5 +shunt power 
	22
	BME-B

	Cell 6 positive terminal telemetry
	22
	BME-B

	Cell 6 negative terminal telemetry
	22
	BME-B

	Cell 5-/cell 4 +  shunt power 
	22
	BME-B

	Cell 5 positive terminal telemetry
	22
	BME-B

	Cell 5 negative terminal telemetry
	22
	BME-B

	Cell 4 -/cell 3 + shunt power 
	22
	BME-B

	Cell 4 positive terminal telemetry
	22
	BME-B

	Cell 4 negative terminal telemetry
	22
	BME-B

	Cell 3 -/cell 2 + shunt power 
	22
	BME-B

	Cell 3 positive terminal telemetry
	22
	BME-B

	Cell 3 negative terminal telemetry
	22
	BME-B

	Cell 2 -/cell 1 + shunt power 
	22
	BME-B

	Cell 2 positive terminal telemetry
	22
	BME-B

	Cell 2 negative terminal telemetry
	22
	BME-B

	Cell 1 -/spare cell + shunt power 
	22
	BME-B

	Cell 1 positive terminal telemetry
	22
	BME-B

	Cell 1 negative terminal telemetry
	22
	BME-B

	Spare cell positive shunt power line
	22
	BME-B

	Spare cell shunt power line return
	22
	BME-B

	Spare cell charge 
	22
	BME-B

	Spare cell positive terminal telemetry
	22
	BME-B

	Spare cell negative terminal telemetry
	22
	BME-B

	Diagnostic reconditioning  positive (if required)
	22
	BME-B

	Diagnostic reconditioning return (if required) Note:  Maximum reconditioning current  2 A
	22
	BME-B

	Ground wire 
	22
	Spacecraft chassis

	Spares
	
	


Figure C-4.  J-3, Signal Connector B

Important Note:  Depending on the cell design approach proposed by supplier, not all elements shown in Figure C-4 may be required 

	J-4 Battery Umbilical Connector (Circular Scoop Proof)

	
	
	

	Description
	Wire Gauge
	Destination

	Ground charge power (+)
	20
	Umbilical Connector

	Ground charge power (+)
	20
	Umbilical Connector

	Ground charge power (+)
	20
	Umbilical Connector

	Ground charge power (+)
	20
	Umbilical Connector

	Ground charge power (+)
	20
	Umbilical Connector

	Ground charge power (-)
	20
	Umbilical Connector

	Ground charge power (-)
	20
	Umbilical Connector

	Ground charge power (-)
	20
	Umbilical Connector

	Ground charge power (-)
	20
	Umbilical Connector

	Ground charge power (-)
	20
	Umbilical Connector

	Relay 1 OFF coil 56 V pulsed power 
	20
	Umbilical Connector

	Relay 1 OFF coil return 
	20
	Umbilical Connector

	Relay 2 OFF coil 56 V pulsed power 
	20
	Umbilical Connector

	Relay 2 OFF coil return 
	20
	Umbilical Connector

	Relay 1 OFF coil status 
	20
	Umbilical Connector

	Relay 1 OFF coil status return 
	20
	Umbilical Connector

	Relay 2 OFF coil status 
	20
	Umbilical Connector

	Relay 2 OFF coil status return 
	20
	Umbilical Connector

	Battery voltage 
	20
	Umbilical Connector

	Battery voltage return 
	20
	Umbilical Connector

	Battery temperature 
	20
	Umbilical Connector

	Battery temperature return
	20
	Umbilical Connector

	Spares
	
	


Figure C-5.  J-4, Battery Umbilical Connector 

	J-5 Battery Test Connector (Circular Scoop Proof)

	
	
	

	Description
	Wire Gauge
	Destination

	Ground charge power (+)
	20
	Battery GSE Rack

	Ground charge power (+)
	20
	Battery GSE Rack

	Ground charge power (+)
	20
	Battery GSE Rack

	Ground charge power (+)
	20
	Battery GSE Rack

	Ground charge power (+)
	20
	Battery GSE Rack

	Ground charge power (-)
	20
	Battery GSE Rack

	Ground charge power (-)
	20
	Battery GSE Rack

	Ground charge power (-)
	20
	Battery GSE Rack

	Ground charge power (-)
	20
	Battery GSE Rack

	Ground charge power (-)
	20
	Battery GSE Rack

	Relay 1 OFF coil status 
	20
	Battery GSE Rack

	Relay 1 OFF coil status return 
	20
	Battery GSE Rack

	Relay 2 OFF coil status 
	20
	Battery GSE Rack

	Relay 2 OFF coil status return 
	20
	Battery GSE Rack

	Spare Cell (+) voltage 
	20
	Battery GSE Rack

	Spare Cell (-) voltage
	20
	Battery GSE Rack

	Cell 1 (+) voltage
	20
	Battery GSE Rack

	Cell 1 (-) voltage
	20
	Battery GSE Rack

	Cell 2 (+) voltage
	20
	Battery GSE Rack

	Cell 2 (-) voltage
	20
	Battery GSE Rack

	Cell 3 (+) voltage
	20
	Battery GSE Rack

	Cell 3 (-) voltage
	20
	Battery GSE Rack

	Cell 4 (+) voltage
	20
	Battery GSE Rack

	Cell 4 (-) voltage
	20
	Battery GSE Rack

	Cell 5 (+) voltage
	20
	Battery GSE Rack

	Cell 5 (-) voltage
	20
	Battery GSE Rack

	Cell 6 (+) voltage
	20
	Battery GSE Rack

	Cell 6 (-) voltage
	20
	Battery GSE Rack

	Cell 7 (+) voltage
	20
	Battery GSE Rack

	Cell 7 (-) voltage
	20
	Battery GSE Rack

	Cell 8 (+) voltage
	20
	Battery GSE Rack

	Cell 8 (-) voltage
	20
	Battery GSE Rack

	Battery temperature 
	20
	Battery GSE Rack

	Battery temperature return
	20
	Battery GSE Rack

	Spares
	
	


Figure C-6.  J-5, Battery Test Connector

Important Note:  Depending on the cell design approach proposed by supplier, not all elements shown in Figure C-6 may be required  

	J-6 Battery Fuse Plug Connector A (Circular Scoop Proof)

	
	
	

	Description
	Wire Gauge
	Destination

	Cell 8 (+) fuse BME A
	N/A
	BME-A

	Cell 8 (+) fuse return BME A
	N/A
	BME-A

	Cell 8 (-) fuse BME A
	N/A
	BME-A

	Cell 8 (-) fuse return BME A
	N/A
	BME-A

	Cell 7 (+) fuse BME A
	N/A
	BME-A

	Cell 7 (+) fuse return BME A
	N/A
	BME-A

	Cell 7 (-) fuse BME A
	N/A
	BME-A

	Cell 7 (-) fuse return BME A
	N/A
	BME-A

	Cell 6 (+) fuse BME A
	N/A
	BME-A

	Cell 6 (+) fuse return BME A
	N/A
	BME-A

	Cell 6 (-) fuse BME A
	N/A
	BME-A

	Cell 6 (-) fuse return BME A
	N/A
	BME-A

	Cell 5 (+) fuse BME A
	N/A
	BME-A

	Cell 5 (+) fuse return BME A
	N/A
	BME-A

	Cell 5 (-) fuse BME A
	N/A
	BME-A

	Cell 5 (-) fuse return BME A
	N/A
	BME-A

	Cell 4 (+) fuse BME A
	N/A
	BME-A

	Cell 4 (+) fuse return BME A
	N/A
	BME-A

	Cell 4 (-) fuse BME A
	N/A
	BME-A

	Cell 4 (-) fuse return BME A
	N/A
	BME-A

	Cell 3 (+) fuse BME A
	N/A
	BME-A

	Cell 3 (+) fuse return BME A
	N/A
	BME-A

	Cell 3 (-) fuse BME A
	N/A
	BME-A

	Cell 3 (-) fuse return BME A
	N/A
	BME-A

	Cell 2 (+) fuse BME A
	N/A
	BME-A

	Cell 2 (+) fuse return BME A
	N/A
	BME-A

	Cell 2 (-) fuse BME A
	N/A
	BME-A

	Cell 2 (-) fuse return BME A
	N/A
	BME-A

	Cell 1 (+) fuse BME A
	N/A
	BME-A

	Cell 1 (+) fuse return BME A
	N/A
	BME-A

	Cell 1 (-) fuse BME A
	N/A
	BME-A

	Cell 1 (-) fuse return BME A
	N/A
	BME-A

	Spare Cell (+) fuse BME A
	N/A
	BME-A

	Spare Cell (+) fuse return BME A
	N/A
	BME-A

	Spare Cell (-) fuse BME A
	N/A
	BME-A

	Spare Cell (-) fuse return BME A
	N/A
	BME-A

	Diagnostic reconditioning fuse BME A (if required)
	N/A
	BME-A

	Diagnostic reconditioning fuse return BME A (if required)
	N/A
	BME-A

	Spares
	
	


Figure C-7.  J-6, Battery Fuse Plug Connector A

Important Note:  Depending on the cell design approach proposed by supplier, not all elements shown in Figure C-7 may be required 
	J-7 Battery Fuse Plug Connector B (Circular Scoop Proof)

	
	
	

	Description
	Wire Gauge
	Destination

	Cell 8 (+) fuse BME B
	N/A
	BME-B

	Cell 8 (+) fuse return BME B
	N/A
	BME-B

	Cell 8 (-) fuse BME B
	N/A
	BME-B

	Cell 8 (-) fuse return BME B
	N/A
	BME-B

	Cell 7 (+) fuse BME B
	N/A
	BME-B

	Cell 7 (+) fuse return BME B
	N/A
	BME-B

	Cell 7 (-) fuse BME B
	N/A
	BME-B

	Cell 7 (-) fuse return BME B
	N/A
	BME-B

	Cell 6 (+) fuse BME B
	N/A
	BME-B

	Cell 6 (+) fuse return BME B
	N/A
	BME-B

	Cell 6 (-) fuse BME B
	N/A
	BME-B

	Cell 6 (-) fuse return BME B
	N/A
	BME-B

	Cell 5 (+) fuse BME B
	N/A
	BME-B

	Cell 5 (+) fuse return BME B
	N/A
	BME-B

	Cell 5 (-) fuse BME B
	N/A
	BME-B

	Cell 5 (-) fuse return BME B
	N/A
	BME-B

	Cell 4 (+) fuse BME B
	N/A
	BME-B

	Cell 4 (+) fuse return BME B
	N/A
	BME-B

	Cell 4 (-) fuse BME B
	N/A
	BME-B

	Cell 4 (-) fuse return BME B
	N/A
	BME-B

	Cell 3 (+) fuse BME B
	N/A
	BME-B

	Cell 3 (+) fuse return BME B
	N/A
	BME-B

	Cell 3 (-) fuse BME B
	N/A
	BME-B

	Cell 3 (-) fuse return BME B
	N/A
	BME-B

	Cell 2 (+) fuse BME B
	N/A
	BME-B

	Cell 2 (+) fuse return BME B
	N/A
	BME-B

	Cell 2 (-) fuse BME B
	N/A
	BME-B

	Cell 2 (-) fuse return BME B
	N/A
	BME-B

	Cell 1 (+) fuse BME B
	N/A
	BME-B

	Cell 1 (+) fuse return BME B
	N/A
	BME-B

	Cell 1 (-) fuse BME B
	N/A
	BME-B

	Cell 1 (-) fuse return BME B
	N/A
	BME-B

	Spare Cell  (+) fuse BME B
	N/A
	BME-B

	Spare Cell  (+) fuse return BME B
	N/A
	BME-B

	Spare Cell  (-) fuse BME B
	N/A
	BME-B

	Spare Cell  (-) fuse return BME B
	N/A
	BME-B

	Diagnostic reconditioning fuse BME-B (if required)
	N/A
	BME-B

	Diagnostic reconditioning fuse return BME-B (if required)
	N/A
	BME-B

	Spares
	
	


Figure C-8.  J-7, Battery Fuse Plug Connector B

Important Note:  Depending on the cell design approach proposed by supplier, not all elements shown in Figure C-8 may be required 

Appendix D

Simplified GFE Fuse Plug (if required) Drawing (Circular Scoop-Proof Connector)


[image: image5]
Appendix E:  GFE 100 Amp Relay Detail
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