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1.
INTRODUCTION
The purpose of this document is to define the contractually binding requirements between the EVA Project Office sponsoring this project, the SR&QA Office and the Engineering Directorate GFE project team.  The PTRS contains the performance, functional, environmental, interface, maintainability, reliability and safety requirements for the Lithium Ion Battery (LIB) System GFE.  This documents specifies the main technical requirements of the LIB system GFE, which consists of a battery, a charger, and ground support equipment (GSE) charger. 
1.1
Purpose and Scope

This specification defines the main technical requirements for the flight LIBs and ground support equipment delivered to the EVA project Office by the Lithium Ion Battery System (LIB) Project (aka LIB Project) for the Extravehicular Mobility Unit (EMU).  The verification requirements for the LIB Project are contained in a separate Verification and Validation Plan.

Purpose of the project is to replace the current EMU (spacesuit) battery with new alternative design to improve performance, reduce maintenance, and lower recurring costs of performing spacewalks. The scope of the project includes defining the project requirements, outsourcing for the services of designing, assembling, certifying the design, producing the project flight hardware, and performing on-site system certification testing and pre-installation acceptance of all flight deliverables.

1.2
Responsibility and Change Authority


Authority for funding, review, approval of baseline requirements, and final acceptance of the flight units of this project resides in the EVA Projects Office.  Design, drafting, and certification of the LIB hardware, as covered by this specification and listed in Table 3-1, shall be the responsibility of the Energy Systems Division.  Configuration management shall follow Johnson Space Center (JSC) and Energy Systems Division documentation as cited in JSC-29930, “Project Management Plan for the Lithium Ion Battery (LIB) GFE Project for the EMU.”  A more detailed breakdown of roles and responsibilities for the LIB project may be found in JSC‑29930.

This PTRS establishes technical requirements per the implementation strategy defined in JSC‑29930.  The responsibility for the development of this PTRS lies with the Energy Systems Division, who will have change authority with the concurrence of the EVA Project Office.

2.
APPLICABLE AND REFERENCE DOCUMENTS

2.1
Applicable Documents
The following documents, of the exact issue and revision shown, form a part of this specification to the extent specified herein.

	Document Number
	Revision/Release Date
	Document Title

	JSC-20793
	September 1985 (Revision in Progress)
	Manned Space Vehicle Battery Safety Handbook

	JSC-25863
	Rev A/August 1998
	Fracture Control Plan for JSC Flight Hardware

	JSC 26626
	Rev A/May 1995
	26626 EVA Hardware Generic Design Requirements

	JSC-27301
	Rev D/ March 2000
	Materials Control Plan for Johnson Space Center (JSC) Flight Hardware

	JSC-27622
	July 2002
	Project Management Plan-Early Communications System

	JSC 28035
	May 2001
	Program Problem Reporting and Corrective Action Requirements for Johnson Space Center Government Furnished Equipment

	JSC-28322
	September 1999
	International Space Station (ISS) Acoustic Requirements and Testing Document for ISS Non-Integrated Equipment

	JSC-29930
	March 2003
	Project Management Plan for the Lithium Ion Battery (LIB) GFE Project for the EMU

	JSC-SL-E-0001
	Book 2/July 2001
	Specification Electromagnetic Compatibility Requirement
Book 2 - Hardware on or After May 7, 2001

	JSC-SL-E-0002
	Book 3/August 2001
	Specification, Electromagnetic Interference Characteristics, Requirements for Equipment, for the Space Shuttle Vehicle

	JSC SN-C-0005
	Rev D/ July 1998
	Contamination Control Requirements

	JPG 8080.5
	April 1991
	JSC Design and Procedure Standard

	JHB-5322.1
	Rev E/November 2000
	Contamination Control Requirements Manual

	SVHS 7802
	Rev G/July 2002
	Space Shuttle Extravehicular Mobility Unit (EMU) System General Electrical Requirements For

	SSP 30233
	Rev F/March 1998
	Space Station Requirements for Materials and Processes

	SSP 30237
	Rev F/May 2001
	Space Station Electromagnetic Emission And Susceptibility Requirements

	SSP 30238
	Rev D/Dec 1998
	Space Station Electromagnetic Techniques

	SSP 30240
	Rev D/July 2002
	Space Station Grounding Requirements

	SSP 30243
	Rev G/July 2002
	Space Station Requirements For Electromagnetic Compatibility

	SSP 30245
	Rev F/May 2002
	Space Station Electrical Bonding Requirements

	SSP 30312
	Rev H/March 2002
	Electrical, Electronic and Electromechanical (EEE) and Mechanical Parts Management and Implementation Plan for Space Station Program

	SSP 30425
	Rev B/February 1994
	Space Station Program Natural Environment Definition for Design

	SSP 30426
	Rev D/January 1994
	Space Station External Contamination Control Requirements

	SSP 41173
	Rev B/September 2002
	Space Station Quality Assurance Requirements

	SSP 50007
	Rev B/May 2001
	ISS Inventory Management System Bar Code Label Requirements and Specifications

	SSP 50005
	Rev B/November 1995
	International Space Station Flight Crew Integration Standard (NASA-STD-3000/T)

	SSP 50021
	Sept 1996
	Safety Requirements Document, International Space Station

	SSP 52051, Vol 1
	October 2001
	User Electric Power Specifications and Standards Volume 1: 120 Volt Dc Loads

	SSP 52051, Vol 2
	June 2002
	User Electric Power Specifications And Standards Volume 2: Multi-Segment, Portable, 28 Volt Dc Equipment 

	SPCE/EMU ICD 4-0075-0C-0
	July 1998
	Servicing And Performance Checkout Equipment (SPCE) / Extravehicular Mobility Unit (EMU) Interface Control Document (ICD)

	MIL-W-22759
	Rev E/December 1990
	Wire, Electrical Fluoropolymer-insulated Copper or copper Alloy

	MIL-STD-1686
	Rev C/Oct 1995
	Electrostatic Discharge Control Program for Protection of Electrical and Electronic Parts, Assemblies and Equipment.

	FED-STD-101C
	March 1980
	Test Procedures for Packaging Materials

	MIL-STD-1580
	Rev B/January 2003
	Destructive Physical Analysis for Electronic, Electromagnetic and Electromechanical Parts for destructive physical analysis (DPA)

	MIL-STD-810
	Rev E/July 1989
	Department of Defense Test Method Standard for Environmental Engineering Considerations and Laboratory Tests

	MJ070-0001-1
	Rev E/November 2002
	Orbiter Vehicle End Item (OVEI) Specification

	MF0004-400
	Rev F/September 2000
	Electrical, Electronic and Electromechanical Orbiter Project Parts Requirements (OPPR)

	PRC-0009
	Rev C/March 2000
	Process Specification for the Resistance Spot Welding of Battery and Electronic Assemblies

	PRC-9002
	Rev C/March 2002
	Process Specification for Part Marking 

	PRC-7001
	Rev C/August 1999
	Process Specification for the Soldering of Electrical Components

	PRC-7002
	Rev C/November 2000
	Process Specification for the Staking and Conformal Coating of Printed Wiring Boards and Electronic Assemblies

	PRC-7003
	Rev C/August 1999
	Process Specifications for the Manufacture of Electrical Cables, Wiring, and Harnesses

	PRC-7005
	Rev B/November 2000
	Process Specification for the Design of Rigid Printed Circuit Boards

	NASA-STD-8739.2
	August 1999
	NASA Workmanship Standard for Surface Mount Technology

	NPG-6000.1
	Rev E/April 1999
	Requirements for Packaging, Handling and Transportation for Aeronautical and Space Systems Equipment and Associated Components

	TM 102179
	June 1991
	Selection of Wires and Circuit Protective Devices for STS Orbiter Vehicle Payload Electrical Circuits

	IPC J-STD-001
	Rev C/March 2000
	Requirements for Soldered Electrical and Electronic Assemblies

	ANSI/ESD-S20.20-1999
	May 1999
	Protection of Electrical and Electronic Parts, Assemblies and Equipment

	IPC6012A
	July 2000
	Qualification and Performance Specification for Rigid Printed Boards

	DX3-03-02
	April 2003
	Battery Usage Senerios

	SOP-007.6
	Rev A/December 2001
	Material and Fracure Control Certification

	NHB 5300.4(ID-2)
	September 1997
	Safety, Reliability, Maintainability and Quality Provisions for the Space Shuttle Program.

	NSTS 1700.7
	Rev B/January 1989
	Safety Policy And Requirements For Payloads Using The Space Transportation System - Electronics Control Unit (Ecu)

	NSTS 22206
	Rev D/December 1993
	Requirements for Preparation and Approval of Failure Modes and Effects Analysis (FMEA) and Critical Items List (CIL)

	NSTS-21000-IDD-ISS
	Rev K/February 1998
	International Space Station Interface Definition Document

	NSTS-21000-IDD-MDK
	Rev B/January 2000
	Shuttle/Payload Interface Definition Document for Middeck Accommodations

	NSTS 22254
	Rev D/December 1993
	Methodology for Conduct of Space Shuttle Program Hazard Analyses

	NSTS 07700
	Rev L/July 2001
	Space Shuttle System Payload Accommodations


2.2
Order of precedence

In the event of a conflict between the text of this specification and an applicable document cited herein, the text of this specification takes precedence. All specifications, standards, exhibits, drawings or other documents that are invoked as “applicable” in this specification are incorporated as cited.  All documents that are referred to within an applicable document are considered to be for guidance and information only, with the exception of ICDs that will have their applicable documents considered to be incorporated as cited.

3.
REQUIREMENTS

This section defines the minimum requirements that the project flight hardware must meet.  The main requirements and constraints that apply to performance, design, interoperability, reliability, etc., of the system are covered. A more specific and comprehensive list of requirements is found in each of the end item specifications for the end items of the LIB GFE.
3.1
Lithium Ion Battery (LIB) System GFE Definition

3.1.1
LIB System GFE Description

The purpose of this GFE project is to replace the current Increased Capacity Battery (ICB) for the EMU (spacesuit) with a new alternative design to improve performance and reliability, reduce battery operations and maintenance, and lower recurring costs of performing spacewalks. To achieve that end, a Lithium Ion Battery (LIB) and a portable LIB Charger for IVA use are necessary. The diagram below shows the pieces of the GFE in this system and their major functional interfaces:

[image: image1.png]



Figure 1.  LIB Project Diagram
3.1.2
LIB System GFE Interface Description

The LIB has power, thermal, and mechanical interfaces to the EMU or more specifically, the Primary Life Support System (PLSS) of the EMU. These interfaces are the same that exists for the Ag-Zn Increased Capacity Battery (ICB). When the EMU is connected to the Air Lock Power Supply (ALPS) charger (aka Dual Power Supply & Battery Charger), the battery is left in place in the EMU-PLSS to achieve the charge.  Power will be transmitted from the ALPS through the EMU to get to the LIB. The LIB will therefore use the same electrical interface (connector) as the ICB. The LIB has an additional and different connector to interface electrically with the LIB charger. The LIB charger is for IVA use only. It is portable and thus will be fastened to Shuttle or ISS structure with Velcro. Electrically, the LIB charger will be powered through connector outlets on the SPP and ISS program. The LIB charger will have separate connectors for each input power voltage. 

3.1.2.1 Electrical Interfaces

3.1.2.1.1 LIB Connector
The LIB connector that mates to the EMU-PLSS shall be MS3424E7-50S and its 7 female contacts shall be assigned according to battery assembly drawing SV819600-00.

3.1.2.1.2 Additional Connector
The LIB shall have an additional electrical connector for interfacing to the LIB Charger.  The new design allows Mate/Demate of the connector while installed in the PLSS.    Furthermore, connector keying and procedural controls shall be implemented to preclude the possibility of other PLSS cables from being connected to the LIB.  

3.1.2.1.3 Pigtail Inter-phase and Extension Cables
The LIB charger shall provide pigtail cable to interface with the additional connector of each LIB. An extension cable for these LIB pigtails shall be part of the LIB charger and shall enable charging the LIB while it is inside the EMU-PLSS. The LIB charger shall provide pigtail cable to interface with the additional connector of each LIB.  For charging batteries while inside the suit, the pigtail extension cables provided for each channel of the LIB charger shall be 12 ( 0.5 feet long

3.1.2.1.4 Charger Extension Cables
The LIB charger shall be powered with yet to be designed cables that shall be no longer than 25 feet and compatible with SSP 28Vdc outlets requiring a plug with MS3475L14 –12P and with ISS 120Vdc outlets requiring a plug with D38999/26FD97PN.

3.1.2.2 Mechanical Interfaces

3.1.2.2.1 Mechanical Pin and Hinge Holes
The LIB shall have the mechanical pin and hinge holes according to the dimensions specified in Figures 2-5.  The LIB hinge holes and latching pin shall be able to support the maximum shocks listed in section 3.2.3.5.  Furthermore the hinges shall support the LIB weight though full range of motion when inserting and removing from the PLSS.

3.1.2.2.2 Velcro Straps
When charging batteries outside the suit, the LIB charger shall use Velcro straps to secure two LIBs to adjacent sides of the LIB charger.

3.1.2.3 Thermal Interface

The LIB maximum average heat generation rate shall not exceed 10 W during all EVA discharge and IVA charge conditions specified herein.

3.1.2.4 Pressure Interface

The LIB shall not require external plumbing interfaces for venting gases.
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Figure 2. Top view of LIB showing not-to-exceed dimensions.
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Figure 3. Side View of LIB showing not-to-exceed dimensions.
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Figure 4. End View                                                   Figure 5. Isometric view of LIB

Of LIB showing not-to-exceed

Dimensions.
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Figure 6. LIB Charger Not-to-Exceed Dimensions (Drawing for dimensional purposes only).

3.2 Characteristics

3.2.1
Functional Performance

3.2.1.1
LIB Discharge Capacity/Energy
The LIB shall deliver a minimum capacity of 26.6 Ah in 7 continuous hours to the EMU within the output voltage range of 21.9 to 16.0V and at a temperature range specified in 3.2.3.1 throughout its service life as defined in 3.3.7.  

3.2.1.2 LIB Peak Current

3.2.1.2.1 LIB Peak Current Once per Hour
During its 7-hour EVA discharge, the LIB shall be capable of delivering 9A, 5s pulses occurring upon start-up and once an hour thereafter during the 7 hour EVA while staying within the voltage range of 3.2.1.1.

3.2.1.2.2 LIB Peak Current at Start Up
The LIB shall support a 20A, 5s pulse @ 100%-50% state of charge while maintaining a voltage above 13.5V for internal resistance diagnostic purposes.
3.2.1.3 LIB Storage State of Charge

The LIB shall be supplied with a recommended state of charge and the corresponding open circuit voltage during non-operational periods that is compatible with its service life.

3.2.1.4 LIB Charge Retention

A fully charged battery shall be capable of retaining its charge and meeting its mission requirements for a period of least 50 days without the need for additional (top-off) charging.
3.2.1.5 LIB Charge Interruption

The LIB shall tolerate any user interruption in the charging process of up to 2 weeks total without incurring any permanent capacity loss over that expected with nominal storage and cycling capacity fade and nominal self-discharge. 

3.2.1.6 Rest Time

3.2.1.6.1 LIB Rest Time Pre-EVA
The LIB shall not require a rest time between end of charge and beginning of discharge in order to meet the requirements herein.

3.2.1.6.2 LIB Rest Time Post-EVA
After a discharge or an EVA, the LIB shall not require a rest time longer than that required for it to attain the recommended charging temperature range before initiating a charge.

3.2.1.7 Current Monitoring Capability

During an EVA the LIB shall be capable of interfacing with an external device with established connectors to allow current measurement to (1% accuracy when in the current range of 2A to 5A and temperature range of 10°C to 60°C.  The manufacturer shall provide this capability through a current shunt with supporting sense leads terminated at the additional LIB connector or approved alternate method.

3.2.1.8 Thermal Sensing Capability

The LIB shall have the capability for internal thermal sensing with an accuracy of ( 3 C° within the 10°C to 75°C temperature range.  This sensor shall be used for the LIB Charger and GSE charge/discharge control and be terminated at the additional LIB connector using only two pins.

3.2.1.9 LIB Charger Function

The charger shall be capable of charging, discharging, and performing an autocycle function (3.2.1.21).  Each function shall require user selection. However, it shall complete tasks unattended unless interrupted by the user or fault protection.

3.2.1.10 LIB Charger Power Interruptions

The LIB charger shall tolerate any power interruptions of up to 1 second without resetting display memory and capacity tracking.  After power interruption the LIB Charger shall resume former state.  For instance, when performing the autocycle, power interruptions shall not reset the autocycle sequence.

3.2.1.11 Existing Charger Compatibility

The LIB shall be capable of being recharged during contingencies with the ALPS charger on the Shuttle.  Since the ALPS charger currently has a charge voltage set point corresponding to 21.8V or 4.36V per cell, this charger shall only be used during contingencies LIB Service Life with ALPS Charging as is specified in 3.3.7.6.

3.2.1.12 Dual Charge Capability of LIB Charger

The LIB Charger shall be capable of charging two fully discharged (defined as discharged to a 16V cut-off) LIBs simultaneously within 8 hours when using 120V dc power input and within 24 hours when using 28V dc power input.

3.2.1.13 Dual Discharge Capability of LIB Charger

The LIB Charger shall be capable of fully discharging two fully charged LIBs within 16 hours. 

3.2.1.14 Charger Capacity Gauging

For each LIB charging channel, the LIB charger shall track total ampere-hours during both charge and discharge phases to an accuracy of ( 0.25 Ah.

3.2.1.15 Numerical Display

During LIB charger operation, each charging channel of the LIB charger shall display LIB voltage, current, and ampere-hours on its front panel with resolutions of ± 0.01 V, ± 0.1 A and ± 0.1Ah, respectively. To differentiate between discharge and charge, discharge current and ampere-hours shall be displayed as a negative value.

3.2.1.16 Automatic Charger Display Reset

Upon power up, the LIB Charger shall automatically display the ampere-hours of the last cycle only untill a start switch is activated.  After this time the active data shall be displayed.

3.2.1.17 Charger Status Displays

The LIB Charger shall display a charger status after a self-check of all indicator LEDs upon start up.  For each LIB charging channel, the LIB charger shall display four possible statuses (charging, discharging, complete or fault). The capacity fault light shall indicate if the LIB is either charging or discharging through the EMU (EMU turned on, or connected to ALPS).  

3.2.1.18 Detection of Multiple Connections

3.2.1.18.1 Detection
The LIB charger shall be able to detect whether the LIB is being charged or discharged through the EMU.  Such charge or discharge may result if the EMU is turned on or the battery is charging from the ALPS or BCA.  The LIB charger shall indicate that such a fault is present.  

3.2.1.18.2 Prevention of Charging or Discharging
The LIB charger shall stop charging or discharging the LIB if it detects the start of charge or discharge currents to the EMU via the J1 connector.

3.2.1.18.3 Design for Prevention of Damage
The LIB and LIB charger shall be designed so that the EMU shall not be damaged if the EMU is turned on while the LIB charger is charging the LIB.

3.2.1.19 Fault Indication

The LIB charger will shall be supplied with capability of fault indication for a minimum of each of the following fault conditions: over or under temperature, capacity imbalance, multiple connections and out-of-range voltage.

3.2.1.20 Charger User Control

For each LIB charging channel, the LIB charger shall have a five position rotary switch to initiate charge, discharge, voltage check, channel off or auto (automatic charge/discharge cycle).

3.2.1.21 Charger Auto Cycle Feature

The LIB Charger shall be capable of automatically cycling two LIBs simultaneously for the purpose of full capacity determination.  With a single crew operation, this feature shall fully discharge the LIBs, fully recharge them, and then fully discharge them in less than 40 hours when using 120V dc input power and in less than 64 hours when using 28V dc input power.
3.2.1.22 Charger Data Port

The LIB Charger shall provide a USB communication port for data transfer.  This data transfer capability shall allow a personal computer to log real time LIB voltage, current and temperature.  The port shall conform to the low-speed (1.5Mbps) requirements of the USB specification version 1.1.

3.2.2
Physical
3.2.2.1 LIB Cell Chemistry

The LIB shall utilize a lithium-ion cell design.

3.2.2.2 Weight

The LIB shall not exceed 8.0 kg.  The LIB charger shall also not exceed 8.0 kg.
3.2.2.3 LIB and LIB Charger Dimensions/Volume

The volumetric envelope of the LIB and LIB charger shall not exceed the dimensions specified in Figures 2-6.  Charger dimensions exclude a soft pouch for extension cables.
3.2.2.4 Power Consumption

The LIB charger shall not draw more than 230 W from a 28Vdc power outlet and not more than 550 W from an 120V dc power outlet.

3.2.2.5 ISS Power Quality 28 V dc

The LIB Charger shall meet all the 28 Volt Power Quality Specifications as stated in SSP 52051, Volume 2 and NSTS-21000-IDD-ISS.

3.2.2.6 Shuttle Power Quality 28 V dc

The LIB Charger shall meet all the 28 Volt Power Quality Specifications as stated in NSTS-21000-IDD-MDK.

3.2.2.7 Power Quality 120 V dc

The LIB Charger shall meet all the 120 Volt Power Quality Specifications as stated in SSP 52051, Volume 1 and NSTS-21000-IDD-ISS.
3.2.3
Environmental
During operational and/or non-operational periods, the LIB, LIB Charger, and Extension Cable shall be required to meet all of requirements of section 3.0 while packaged as applicable to the mission phase and operated in the environments described below.

3.2.3.1
Thermal

3.2.3.1.1 Transportation

The LIB, LIB Charger and Extension Cable shall be capable of being transported safely and remain operational after exposure to the following conditions while properly packaged for transportation.
a) Temperature soak at 18 °C then minus 54 °C for 2 1/2 hours.

b) Temperature soak at 32 °C then 65.5 °C for 6 hours.

c) Temperature soak at 32 °C then 88°C for 1 hour.

3.2.3.1.2 Ground Storage

The LIB, LIB Charger and Extension Cable shall be capable of being stored and remain operational after storage in   –20°C to 25°C temperature range.

3.2.3.1.3 LIB and LIB Charger Flight Stowage

The LIB, LIB Charger and Extension Cable shall be capable of meeting requirements of this specification after stowage in the ATV, Soyuz, and Progress vehicles for the duration of the transfer to orbit but not for long term stowage while on-orbit. Only LIBs that are transferred to orbit in the Shuttle airlock or middeck shall be transferred in all states of charge. Transfer in a discharge state is acceptable for other modes of transfer to orbit.

3.2.3.1.4 LIB and LIB Charger IVA Operation

The LIB, LIB Charger and Extension Cable will shall be capable of operating within the requirements of this specification while in a 10°C to 32ºC cabin environment.

3.2.3.1.5 LIB EVA Operation

The LIB shall be capable of performing EVAs within the requirements of this specification under worst-case hot and cold thermal conditions.

3.2.3.1.5.1 Worst Case Hot

The LIB and PLSS starting temperature is 32°C and pressure is 8.2 psia. Then the LIB and PLSS are depressurized per 3.2.3.2.3, exposed to a vacuum and with its surfaces in view of the EMU surfaces with thermal profiles as indicated in Figure 7 for a total discharge time of 7 hours.

3.2.3.1.5.2 Worst Case Cold

The LIB and PLSS starting temperature is 10°C and pressure is 16.2 psia. Then the LIB and PLSS are depressurized per 3.2.3.2.3, exposed to a vacuum and with its surfaces in view of the EMU surfaces with thermal profiles as indicated in Figure 8 for a total discharge time of 7 hours.
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Figure 7. Worst Case Hot Thermal Profiles

    Figure 8. Worst Case Cold Thermal Profiles

Temperature profiles for all six surfaces adjacent to the battery are shown.  Battery profile assumes the following battery heat generation rate of 10W.

3.2.3.1.6 LIB Maximum Heat Generation

The LIB shall not generate more than 10 W of heat during discharge or charge operations inside the EMU-PLSS.

3.2.3.2 Pressure

3.2.3.2.1 LIB Absolute Pressure

The LIB shall be capable of satisfying its performance requirements after being stored, unpackaged and operated in a controlled environment with ambient pressure variations of 0 to 18.76 psia.  

3.2.3.2.2 LIB Charger Absolute Pressure

The LIB charger shall be capable of satisfying its performance requirements while operated in a controlled environment with ambient pressure variations of 8.2 to 18.76 psia.  The LIB charger shall be capable of remaining functional after exposure of ambient pressure variations of 0-18.76 psia.

3.2.3.2.3 Pressurization Rate

The LIB and LIB Charger and Extension Cable shall be capable of satisfying its performance requirements after undergoing a maximum pressurization rate of 0.76 psia per second and a depressurization rate of -1.94 psia per second.

3.2.3.3 Vibration

3.2.3.3.1 Random Vibration Qualification (EMU Stowed and Locker Stowed)

The LIB and LIB Charger shall be capable of operating, after exposure to the following qualification vibration requirement:

20Hz 


Constant 0.02g2/Hz

20 to 80 Hz

Increase + 3 db/oct

80 to 350 Hz

Constant 0.08 g2/Hz

350 to 2,000 Hz

Decrease - 3 db/oct.

2000Hz


Constant 0.014g2/Hz

Duration: 25 + 10%/-0% minutes/axis (50 Launches)

3.2.3.3.2 Random Vibration Acceptance (EMU Stowed and Locker Stowed)

The LIB and LIB Charger shall be capable of operating, after exposure to the following acceptance vibration requirement:

20Hz 


Constant 0.02g2/Hz

20 to 80 Hz

Increase + 3 db/oct

80 to 350 Hz

Constant 0.04 g2/Hz

350 to 2,000 Hz

Decrease - 3 db/oct.

2000Hz


Constant 0.014g2/Hz

Duration: 1 + 10%/-0% minutes/axis

3.2.3.3.3 Flight Vehicle Storage Sinusoidal Vibration

The LIB and LIB Charger shall be capable of satisfying performance requirements after exposure to a sinusoidal vibration environment imposed in three (3) orthogonal axes in the frequency range of 5 to 35 Hertz at an acceleration amplitude of ±0.25g peak.  Duration is controlled by a one octave per minute sweep rate.  The LIB and LIB Charger shall not be required to operate during this environment.  The input shall be applied at the vehicle/EMU interface.  If the LIB and LIB Charger are being tested at the component level the vibration requirements shall be 0.25 g peak from 5 to 10 Hz, 0.40 g @ 15 Hz, and 0.50g, @ 35 Hz

3.2.3.4 Acceleration

The LIB and LIB Charger shall be capable of satisfying its performance requirements while operating in a zero-g environment.

3.2.3.5 Shock

3.2.3.5.1 Ground & Transportation
The LIB and LIB Charger packaged and not operating shall be unaffected by exposure to the shock environment of FED-STD-101C, Method 5019 and Method 5007.

3.2.3.5.2 Ground Handling & Test
The LIB and LIB Charger unpackaged and not operating shall be unaffected by the Bench Shock environment of MIL-STD-810E, Method 516.4, Procedure VI.  The LIB and LIB charger may use protective guards that are normally used as ground handling equipment to prevent damage to local protrusions such as connectors, controls, latches, etc.

3.2.3.5.3 Landing Vehicle Storage
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The LIB and LIB Charger shall be capable of satisfying its performance requirements after exposure to the landing shocks specified below.  The shock accelerations are rectangular pulses with peaks as indicated below and applied at the vehicle/EMU interface. The LIB and LIB Charger shall be unpackaged, non-operating during this environment.
3.2.3.5.4 Design Shock (EMU Stowed Items)
The LIB shall be capable of operating in accordance with this specification after application of a shock per MIL-STD-810E, Method 516.4, Procedure 1, as modified below has been applied in each direction of each axis:

a) 9.0 ± 1.0g, shock

b) 11 ± 1 millisecond sawtooth pulse,

c) Shock shall be applied at the vehicle/AAP-mounting interface with the LIB integrated within the EMU.

If the LIB is being tested at the component level the following requirements shall apply;

a) 8.0 ± 1.0 g shock

b) 15 ± 1 millisecond sawtooth pulse.

3.2.3.5.5 Design Shock (Locker Stowed Items)

During locker stowage the LIB and LIB Charger shall be capable of operating after being subjected to 5g’s applied at the interface of the LIB or LIB Charger with the GFE packing material when the stowage locker is subjected to the design shock environment per MIL-STD-810E, Method 516.4, Procedure 1 (20 + 2 g's, 11 ± 1 ms sawtooth pulse).
3.2.3.6
EMI/EMC

3.2.3.6.1 Space Shuttle Usage:
The LIB Charger shall satisfy the requirements of JSC-SL-E-0001, Book 2, Dated July 20,2001; and JSC-SL-E-0002, Book 3 Volume 1, Dated August 10, 2001.

3.2.3.6.2 Space Station Usage
The LIB Charger shall satisfy the requirements of SSP 30243 Revision G, Dated July 31, 2002; SSP 30237 Revision F, Dated May 17, 2001; and SSP 30238 Revision D, Dated December 22, 1998.

3.2.3.6.3 EMU Operational Usage
The LIB, when operating as part of the EMU, shall satisfy the requirements of JSC-SL-E-0002, Book 3 Volume 1, Dated August 10, 2001.

3.2.3.7
Humidity

3.2.3.7.1 Ground Handling & Transportation

The LIB and LIB Charger shall be capable of operating after exposure to the humidity environment of MIL-STD-810E, Method 507.3 Procedure I with relative humidity range of 0 to 100%, dry bulb temperature range of 21 to 38 ºC and ten 24-hour temperature cycles.  The LIB and LIB Charger shall be packaged for shipping during exposure to this environment.

3.2.3.7.2 Ground Storage & Test

The LIB and LIB Charger shall be stored and tested in a controlled environment with humidity within the following range: 22 % relative humidity at 26.7 ºC dry bulb; 85% relative humidity at 18.3 ºC dry bulb.
3.2.3.7.3 Flight Vehicle Storage 

The LIB and LIB Charger shall be capable of operating during and after exposure to the vehicle humidity levels, which are controlled within the following limits, Maximum: 85% relative humidity at 17 ºC dry bulb; Minimum: 17% relative humidity at 32 ºC dry bulb.

3.2.3.8
Acoustic Emissions

The LIB charger must comply with the Acoustic Noise Criteria in JPG 8080.5, Standard G-41 and JSC 28322, Standard NC40.

3.2.3.9
Meteoroids and Orbital Debris

3.2.3.9.1 Shuttle-Based EVA (Non-Space Station Support)

The LIB, when integrated in the EMU shall be capable of operating in accordance with this specification after being exposed to the meteoroid environment representative of the meteoroid model which encompasses particles of cometary origin in the mass range between 1 and 10-12 grams for sporadic meteoroids and 1 to 10-6 grams for stream meteoroids.

Average Total Environment:

Particle Density
0.5g/cm3

Particle Velocity
20 km/sec.

Flux Mass Models

(1) For 10-6 < m < 1, Log Nt = -14.37 - 1.213 log m

(2) For 10-12 < m < 10-6 , Log Nt = -14.339 - 1.584 log m -0.063 (log m)2
Nt = no. particles/m2/sec. of mass m or greater  (m = mass in grams)

Defocusing factor for earth, and if applicable, shielding factor are to be applied.

3.2.3.9.2 Shuttle-Based EVA (Space Station Support) and Space Station EVA

The probability of no penetration of the LIB shall equal or exceed 0.91 cumulative risk while supporting 2700 hours of 2-person EVA over a ten-year period in the MMOD environment of SSP 30425.

3.2.3.10 Atomic Oxygen

Not applicable.

3.2.3.11 Ionizing Radiation

3.2.3.11.1 General Exposure

The LIB and LIB Charger EEE parts shall meet the requirement herein after exposure to ionizing radiation environment as defined in MJ070-0001-1E, Orbiter Vehicle End Item Specification, Revision D (with change notices 1-49, and SCN 01-1003), Paragraph 3.5.20, while using creme96 in place of creme86 as specified in MJ070-0001-1E, paragraph 10.1.7.5.

3.2.3.11.2 Mean Time Between Failure

The LIB and LIB Charger shall have a Mean Time Between Failure (MTBF) of 5 years or greater, for all SEE effects, other than latches, that can cause an erroneous nominal indication of the battery state of charge when evaluated via the methodology of Section 3.5.20 of MJ070-0001-1E, Orbiter Vehicle End Item Specification for the Space Shuttle System.

3.2.3.11.3 Latches

The battery/charger EEE parts shall exhibit no destructive latches and/or non-destructive latches when exposed to a minimum of 200 MeV (+/- 10 MeV) protons to a fluence of 1E10 protons/cm2 or to heavy ions with an effective Linear Energy Transfer (LET) of 14 MeV//mg/cm2 to a fluence of 1E6 ions/cm2.

3.2.3.12 Orientation Sensitivity

The LIB and LIB charger shall meet all requirements herein while being stored and operated in any orientation on the ground and on orbit during their service life.

3.2.3.13 ESD Susceptibility

The LIB and LIB Charger shall be designed such that no hardware connector or electrical interface shall be susceptible to damage form a class 2 ESD event (4000 volts).  Furthermore, the hardware in its normal installed or shipping configuration shall be immune to upset or damage by a human-body-model discharge less than 16,000 volts at any point.

3.2.3.14 Magnetic Field Susceptibility

The LIB shall operate without degradation or malfunction from nominal performance beyond its operational specification when exposed to static DC magnetic fields and sources with field strength of up to 600 gauss.

3.2.3.15 Dynamic Load Conditions

The LIB shall meet its performance requirements when subjected to the dynamic load conditions described in SPCE/EMU ICD 4-0075-0C-0 paragraph 3.2.1.3.

3.2.3.16 Conducted Emissions into Load

The LIB shall not exceed the conducted emission limits of SVHS 7802 figures 4 and 6 (´´all other equipment´´ level) when connected to the EMU or equivalent load.  The emissions shall be measured on the output of the battery.  This requirement does not apply to any connections inside the battery or to the connection between the LIB and LIB charger.

3.2.4 Reliability

3.2.4.1
Failure Tolerance

The LIB design  is zero-fault tolerant in the event of a short to ground;  however, once the short to ground is removed and provided the LIB has not been overdischarged below 12.5V, the LIB shall be capable of being recharged while meeting all performance requirements herein. 

3.2.4.2
Failure Propagation

3.2.4.2.1 System Fault Propagation

A single failure of the LIB shall not induce any other failures on the LIB charger, EMU, or ALPS. Similarly, one failure on the LIB charger shall not induce any other failures on the LIB, EMU, or Shuttle and Station power outlets.

3.2.4.2.2 Fault Propagation of Channels

Any one fault on the LIB charger channel shall not prevent the other channel from meeting its performance requirements.  The fault tolerance requirements for the LIB and LIB charger for safety are defined in section 3.3.6.

3.2.4.3
Failure Detection, Isolation, and Recovery (FDIR)

FDIR requirements for the project flight hardware and GSE shall be consistent with Safety Requirements Document ISS, SSP 50021, section 3.2.4.  The GSE shall be able to perform a health check of the battery to determine if any one (or more) cells in the LIB is (are) not contributing capacity.
3.2.4.4 Cell Acceptance and Lot Certification

All cells fabricated or purchased for assembly into LIBs shall undergo 100% acceptance screening.  Accepted cells   from the same lot shall be randomly sampled and destructively tested for the purposes of certification.
3.2.4.5 Failure Analysis Reporting

Failure Modes and Effects Analysis and Critical Items List for the project flight hardware shall be prepared per the instructions in NSTS 22206, Requirements for Preparation and Approval of Failure Modes and Effects Analysis (FMEA) and Critical Items List (CIL).  

3.2.4.6 Problem Reporting

Problems occurring with flight and certification hardware shall be reported according to JSC 28035, Program Problem Reporting and Corrective Action Requirements for Johnson Space Center Government Furnished Equipment. 
3.2.5
Maintainability

3.2.5.1
LIB Refurbishment

The LIB shall be refurbished at a frequency consistent with its service life as defined in section 3.3.7.

3.2.5.2
LIB Charger Recalibration

The LIB charger shall have a maintainability criterion of requiring recalibration at a frequency no less than every 5 years.

3.2.6
Transportability

3.2.6.1
Ground Transportability

Commercial or government carriers shall be able to transport the LIB and LIB Charger with their adherence to the conditions in Section 5 “Preparation for Delivery” and compliance with all DOT regulations for lithium batteries.

3.2.6.2
Transport to/from Orbit

The project flight hardware shall be capable of being transported to/from orbit by all Shuttle means including MPLM and Spacehab in accordance with NSTS 21000-IDD-MDK and to orbit by Russian spacecraft Soyuz/Progress vehicles. 

3.3
Design and Construction

3.3.1
Materials, processes and parts

3.3.1.1
Materials and Processes

3.3.1.1.1 General Materials and Processes Requirement

Materials and processes for flight hardware shall meet the requirements of SSP 30233F, ´´Space Station Requirements for Materials and Processes,´´ as implemented by JSC 27301D, ´´Material Control Plan for JSC Flight Hardware´´.

3.3.1.1.2 Review and Approval

The JSC/ES4 Materials and Processes Branch shall review and approve all Materials for this hardware and provide a materials certification prior to flight (per ES SOP-007.6 Material and Fracture Control Certification). Materials Usage Agreements (MUAs) will be provided only as needed.
  

3.3.1.1.3 Inspection and Bonded Stores

The project shall utilize the standard JSC inspection and bonded stores practices for parts handling and control.
  

3.3.1.1.4 Commercial-Off-The-Shelf (COTS) Hardware
All Commercial-Off-The-Shelf (COTS) hardware that cannot provide material certifications, traceable parts, or workmanship processes shall be evaluated by further testing that shall be used to supplement the acceptance testing for that hardware.

3.3.1.1.5 Electrolyte Compatibility
Materials exposed to electrolyte shall be evaluated or tested for compatibility and shall meet the fluid compatibility requirement of NSTS 1700.7B, paragraph 209.1A.
 

3.3.1.1.6 Battery Spot Welds
All battery spot welds shall comply with PRC-0009C, Specification for Resistive Spot Welding of Battery and Electronics Assemblies.

3.3.1.2
Electrical, Electronic and Electromechanical (EEE) Parts

EEE parts are individual electrical, electronic, and electromechanical piece parts (active and passive) such as relays, transistors, resistors, diodes, fuses, connectors, etc. High-reliability electronic parts shall be used where possible and practical. Detailed schematics and parts lists shall be prepared/supplied. EEE parts for flight hardware, except for the lithium ion cells of the battery, shall be selected in accordance with MF0004-400, Electrical, Electronic, and Electromechanical Orbiter Project Parts Requirement (OPPR), Revision F.  

3.3.1.2.1
Failure analysis

Piece part level failure analysis shall be performed on the second or subsequent failure of any EEE parts that are in hardware classified with a criticality of 2/2, 1R2, 1R3 (as defined by NSTS 22206) or could cause a scrub/abort of an EVA.  The battery/charger contractor shall perform piece part level failure analysis on every failure to gain a full understanding of the failure mechanisms.  

3.3.1.2.2
Destructive Physical Analysis

The battery/charger contractor shall meet the requirements of MIL-STD-1580, Destructive Physical Analysis for Electronic, Electromagnetic and Electromechanical Parts for destructive physical analysis (DPA).  A sample from each first production lot date code or first procured lot date code for all part types to be used in flight equipment shall be subjected to DPA to assure that the internal construction and packaging are of high quality. Subsequent lots may require DPA where there is reason to suspect marginal quality or process/design change(s).

3.3.1.2.3 EEE Parts Derating

Battery/charger EEE part electrical and thermal derating shall be in accordance with Appendix B - EEE Parts Stress Derating Criteria of   SSP30312, Electrical, Electronic, and Electromechanical and Mechanical Parts Management and Implementation Plan for Space Station Program, Rev H.

3.3.1.2.4 Wire Selection and Derating

All wires selected for the LIB project hardware shall be procured and inspected per MIL-W-22759. All wire size selection shall comply with the derating process defined by by NASA TM 102179, figures 4 and/or 5.

3.3.2 Structural Design

The LIB and LIB Charger shall comply with the structural requirements of JSC 26626A section 3.3 and JSC 25863A “Fracture Control Plan for JSC Flight Hardware.”  The cell design for the LIB shall possess a Vent/Burst Ratio greater than 1:1.5. If the cell's ratio is greater than 1:2.5, then the rigors of the fracture control process specified in JSC-25863 do not apply.

3.3.3 Electrical Design

The LIB and LIB Charger shall comply with the electrical requirements of JSC 26626A section 3.4

3.3.3.1
LIB Electrical Isolation

The LIB shall be designed to electrically isolate the case from all internal electrical circuits.
3.3.3.2 Connectors

3.3.3.2.1
Connector Design

Connector designs of the project flight hardware shall comply with standards E-1, E-4, E-5, E-11, E-12, and E-21 in JPG 8080.5. 
3.3.3.2.2 PLSS Connector: Energized Conductors

The current Increased Capacity Battery (ICB) interfaces with the PLSS with a blind mate connector, which is mated and demated with powered pins. The LIB shall have the same interface with the PLSS (as described in 3.1.2.1) and will also mate and demate with the PLSS with powered pins (on the LIB side). Note that this does not comply with JPG 8080.5 requirements to avoid mating and demating high power contacts.

3.3.3.2.3 LIB and LIB Charger Connector: Energized Conductors

LIB and LIB Charger design shall prevent inadvertent human contact with energized conductors. This may be accomplished with recessed connector contacts (socket type) or with safety interlocks and connector dead facing.

3.3.3.3 Electromagnetic Interference Free Design

The LIB case shall be designed and fabricated to form an electrically continuous enclosure in accordance with SVHS 7802 3.3.2.2.5.1.

3.3.3.4 Safety Grounding

The LIB and LIB charger shall meet all space station grounding requirements per SSP 30240. When the LIB charger is charging the LIB there shall be a safety ground connection between the charger and the case of the LIB to allow a safe path for any fault currents.

3.3.3.5 Electrical Bonding

The LIB and LIB charger shall meet all space station electrical bonding requirements per SSP 30245.
3.3.4 Workmanship

The LIB and LIB Charger shall comply with the workmanship requirement of JSC 26626A section 3.2.4.

3.3.4.1 Printed Boards

The LIB and LIB Charger shall be assembled to be compliant with PRC-7002 Rev C “Process Specification for the Staking and Conformal Coating of Printed Wiring Boards and Electronic Assemblies” and PRC-7005 Rev B “Process Specification for the Design of Rigid Printed Circuit Boards” or IPC6012A, “Qualification and Performance Specification for Rigid Printed Boards” and associated IPC standards to Class 3 requirements”.
3.3.4.2 Surface Mount Technology

The LIB and LIB Charger shall be assembled to be compliant with NASA-STD-8739.2 NASA Workmanship Standard for Surface Mount Technology or IPC J-STD-001C, “Requirements for Soldered Electrical and Electronic Assemblies”, Class 3 and associated IPC standards.
3.3.4.3 Soldered Electrical Connections

The LIB and LIB Charger shall be assembled to be compliant with PRC-7001 Rev C “Process Specification for Soldering of Electrical Components” or IPC J-STD-001C, “Requirements for Soldered Electrical and Electronic Assemblies”, Class 3 and associated IPC standards.

3.3.4.4 Electrostatic Discharge Control (Excluding Electrically Initiated Explosive Devices)

The LIB and LIB Charger shall be assembled to be compliant with MIL-STD 1686C “ESD Control Program for Protection of Electrical & Electronic Parts” or ESD S20.20-1999 “ESD Control Program for Protection of Electrical & Electronic Parts, Assemblies and Equipment”.

3.3.4.5 Electrical Cables, Wiring and Harnesses

The LIB and LIB charger shall be constructed in accordance with PRC-7003 Rev C “Process Specification for the Manufacture of Electrical Cables, Wiring, and Harnesses.  

3.3.4.6 Contamination

Contamination control plans developed and implemented for the project hardware shall be per JSC SN-C-0005D.

3.3.4.7 Cleanliness

Prior to delivery to JSC and shipment for Space Shuttle or Space Station integration, the exterior surfaces of project hardware shall be cleaned to the visibly clean sensitivity level as per SSP 30426.
3.3.5
Human Engineering

The LIB and LIB Charger shall comply with the workmanship requirement of SSP 50005.

3.3.5.1 Touch Temperature

The LIB Charger external surfaces shall not to exceed 45°C during operation.

3.3.5.2 Nameplates and Product Marking

The LIB and LIB Charger shall use identification and marking containing part number and serial number in accordance with PRC-9002 Process Specification for Part Marking.  IMS bar code labeling shall be in accordance with the ISS Inventory Management System Bar Code Label Requirements and Specifications SSP 50007 Rev B.

3.3.6
Safety

3.3.6.1 Design

The LIB and LIB charger design shall comply with battery safety requirements of JSC 20793, Manned Space Vehicle Battery Safety Handbook. 

3.3.6.2  Fault Tolerance
The LIB and LIB charger shall comply with the safety redundancy requirements of SSP-50021, Safety Requirements Document, which requires 2-fault tolerance for catastrophic hazard and 1 fault tolerance to a critical hazard.

3.3.6.3 Hazard Analysis

The hazard analyses for the project hardware shall comply with NSTS-22254, Methodology for Conduct of Space Shuttle Program Hazard Analyses.

3.3.7
Lifetime

3.3.7.1 LIB Service Life

3.3.7.1.1
Calendar Life

The service life of the LIB shall be 5 years minimum.  This means that the LIB must meet all the requirements herein without refurbishment during its entire service life.  The beginning of service life is defined as the completion date of the Pre-Delivery Acceptance (PDA) of the LIB.  The service life shall be capable of being interrupted by a storage period of up to 5 years as specified in 3.3.7.4 for a calendar life of 10 years.

3.3.7.1.2
Full Charge Storage Time

Within the duration of its service life, the LIB shall tolerate storage at 100% SoC (State-of-Charge) at 10°C to 32°C for up to 600 days in five years.  During all other storage times, the LIB shall be stored below Contractor’s. recommended DoD (Depth of Discharge) and at 10°C to 32°C. 

3.3.7.2 Charger Service Life

The service life of the LIB charger shall be 15 years minimum.  

3.3.7.3 LIB Cycle Life

The cycle life of the LIB shall support the completion of up to 150 EVAs during each service life.  The LIB charge shall be accomplished by the LIB Charger and/ or the BCA. Each cycle shall consist of a complete charge on the LIB charger followed by the EVA discharge profile and/or discharged via the battery charger in the event of mission scrub or short EVA. On the 150th EVA mission, the battery shall meet the capacity of 3.2.1.1.
3.3.7.4 LIB Storage Life

The LIB shall be capable of meeting all service life requirements specified herein following a period of storage of up to 5 years when stored at zero state of charge at a vendor specified temperature down to but not below –20°C.
3.3.7.5 LIB Refurbished Life

The LIB shall be capable of being refurbished up to 4 times before requiring total replacement in order to provide another service life according to 3.3.7.1. At minimum, refurbishment shall replace all cells within the LIB to allow it to provide a subsequent service life according to 3.3.7.1.
3.3.7.6 LIB Service Life with ALPS Charging

The service life of the LIB shall be reduced to no less than 3 years when charged with the ALPS charger with a 21.8V constant voltage set point no more than once per year and while being stored at 21.8V for 7 days per year in addition to the storage conditions specified in 3.3.7.1.
3.3.7.7 Maximum LIB Usage Scenario

The 5-year LIB service life shall be compatible with a maximum usage scenario, derived from JSC memo DX3-03-02, consisting of 30 charge/rest/discharge cycles evenly spaced throughout the year (the even spacing simulates a worse case condition). As per the maintenance requirement 3.4.1.1, the worst case also assumes that only one charge per year can be performed with the LIB charger and all other charging is done with the BCA.

3.3.7.8 Most Probable LIB Usage Scenario

The 5-year LIB service life shall be compatible with an average usage scenario consisting of 4 charge/rest/discharge cycles evenly spaced throughout the year. As per the maintenance requirement 3.4.1.1, the worst case assumes that only one charge per year can be performed with the LIB charger and all other charging is done with the BCA.
3.3.7.9 Lowest LIB Usage Scenario

The 5-year LIB service life shall be compatible with a lowest usage scenario, derived from JSC memo DX3-03-02, consisting of 2 charge/rest/discharge cycles evenly spaced throughout the year. As per the maintenance requirement 3.4.1.1, the worst case assumes that only one charge per year can be performed with the LIB charger and all other charging is done with the BCA.
3.3.7.10 HST Mission Type Scenario

 The LIB shall be capable of meeting HST mission type scenarios in which 5 EVAs are performed in 5 consecutive days using the same batteries on alternating days. This requirement does not add to the cycle life requirement (3.3.7.3) of the battery.

3.3.8 Security

Not applicable.
3.3.9 Soft Goods

The design and workmanship of soft goods in the LIB and LIB Charger (i.e., the Velcro straps) shall comply with the requirements of section 3.5 of JSC 26626A.
3.3.10 SR&QA Plans

The Safety, Reliability, & Quality plans developed and implemented for this project shall be compatible with the NHB 5300.4 (1D-2), Safety, Reliability, Maintainability, and Quality Provisions for the Space Shuttle Program, and with SSP 41173, Space Station Quality Assurance Requirements.
3.4
Logistics

3.4.1
Maintenance

3.4.1.1
On-Orbit Maintenance

On-orbit, the LIBshall be charged with the LIB charger while on Shuttle and with a combination of the LIB charger and the BCA of the SPCE while on station.  The LIB shall be maintained at the proper state-of-charge consistent with the lifetime requirements of section 3.3.7. This may be achieved with the discharge function of the LIB charger. If the LIB charger provides a cell-balancing feature to the LIB, its use shall not be required more frequently than once a year for the LIB to meet its lifetime requirements. The service life of the LIB shall be compatible with this maintenance frequency.

3.4.1.2 Ground Maintenance

3.4.1.2.1 LIB Ground Maintenance

While on the ground and for mission turnaround processes, the LIB shall undergo visual, dimensional, weight, insulation resistance, grounding, and bonding tests, along with charge and discharge capacity and power performance. The GSE charger shall be used for this process.

3.4.1.2.2 LIB Charger Maintenance

While on the ground and for mission turnaround processes, the LIB Charger shall undergo visual, dimensional, weight, insulation resistance, grounding, and bonding tests, along with charge and discharge power usage performance. The GSE shall be used for this process.

3.4.2
Supply

Not applicable. 
3.4.3
Spares

There shall not be any spare fabricated units of the LIB project hardware.

4.
GSE REQUIREMENTS

4.1
LIB GSE Description

The purpose of the LIB GSE is to provide a controlled method for charging, discharging, and health checking the LIB during certification, pre-installation acceptance, flight preparation, and storage preparation.  In addition the LIB GSE shall support acceptance testing of the LIB charger and allows engineering LIBs to simulate hot and cold batteries.

4.2
GSE Interface Definition

The GSE Charger shall possess interfaces to 2 LIBs, 115 Vac input power, a computer, and for external DVM’s for logging LIB voltage, current and temperature.

4.3
GSE Requirements

4.3.1 Charging

The GSE shall be capable of charging 2 LIBs using identical methods to the LIB Charger.

4.3.2 Discharging

The GSE shall be capable of discharging 2 LIBs using the same method as the LIB Charger.

4.3.3 Health Checking

The GSE shall be capable of detecting one (or more) cells in a LIB that is (or are) not contributing discharge capacity and shall be capable determining the effective internal resistance of the LIB.

4.3.4 Capacity Gauging

The GSE shall be capable of tracking ampere-hour capacity during charge and discharge in the same way that the LIB charger does.

4.3.5 Display

The GSE shall display in real time each LIB voltage, current, temperature, and accumulated capacity to accuracy and precision that exceed those for the LIB Charger.

4.3.6 Computer Interface

The GSE shall have a USB/PC communications port for data transfer.

4.3.7 Functionality of the Charger

4.3.7.1 Calibrate the LIB Charger Measurements

The GSE shall provide banana jack ports for independent recording of LIB voltage, current, and temperature.

4.3.7.2 Verify Temperature Fault Charging Safeguards

The GSE shall provide simulated cold and hot LIBs to verify that the LIB charger shall not charge LIB that are outside the permissible charge temperature range.

4.3.8 Automated Cycling of LIB
The GSE shall be capable of perform any combination of 1 to 1½ to 2 charge/discharge cycles for the purpose.
5.
PREPARATION FOR DELIVERY 

Cleaning, preservation, packaging, handling, storage, and shipping of the LIB hardware shall be in accordance with NPG 6000.1E, “Requirements for Packaging, Handling, and Transportation for Aeronautical and Space System Equipment and Associated Components.”  Shipping personnel shall be aware that these requirements must be followed and the hardware must be protected from handling and transportation damage as well as exposure to natural environments that could cause harm.  Once each mission set of flight hardware has been prepared for flight delivery, a JSC Form 1027 shall be created by JSC or contractor quality engineering.  The form shall indicate that all paperwork has been closed or approved to remain open for flight, that the unit is flight certified, and that the hardware has been prepared for flight.
6.
CUSTOMER IMPOSED VERIFICATION REQUIREMENTS

This section should contain any specific verification methods (specific test, analyses, inspections or demonstrations) required by the customer

Appendix A ACRONYMS and Abbreviations

This appendix should include a comprehensive list of all abbreviations, units, and acronyms used in the body of this document.

ALERT
Acute Launch Emergency Reliability Tips

ALPS
Air Lock Power Supply

ANSI
American National Standard Institute

CCB
Configuration Control Board

CDR
Critical Design Review

CIL
Critical Items List

dc
Direct Current

DR
Discrepancy Report

EA
Engineering Directorate

EDCPAP
Engineering Directorate Certified Parts Approval Process

EDRS
Electronic Drawing Release System

EMU
Extravehicular Mobility Unit

EEE
Electrical, Electronic, and Electromechanical

EPSL
Electrical Power Systems Laboratory

ESD
Energy Systems Division

ESTA
Energy Systems Test Area

EVA
Extravehicular Activity

FCE
Flight Certified Equipment

FCOD
Flight Crew Operations Directorate

FMEA
Failure Modes and Effects Analysis

FY
Fiscal Year

GCAR
Safety and Mission Assurance Certification Approval Request

GIDEP
Government-Industry Data Exchange Program

GFE
Government Furnished Equipment

GSE
Ground Support Equipment

GOP
General Operating Procedures

HW
Hardware

IA
Interdivisional Agreement

ICB
Increased Capacity Battery

ICD
Interface Control Document

ISO
International Organization for Standardization

ISS
International Space Station

ITA
Internal Task Agreement

IVA
Intravehicular Activity

JHB
JSC Handbook

JPD
JSC Policy Directive

JPG
JSC Support Contractor Procedures and Guidelines

JSC
Johnson Space Center

KSC
Kennedy Space Center

LIB
Lithium Ion Battery

LMSO
Lockheed Martin Space Operations

MIL-STD
Military Standard

MOD
Mission Operations Directorate

MMOD
Micro Meteoroid Orbital Debris

MPLM
Multi-Purpose Logistics Module

MSFC
Marshall Space Flight Center

MUA
Material Usage Agreement

NASA
National Aeronautics and Space Administration

NHB
NASA Handbook

NPG
NASA Procedures and Guidelines

NSTS
National Space Transportation System

PDR
Preliminary Design Review

PLSS
Primary Life Support System

PMP
Project Management Plan

PO
Program Office

PRACA
Problem Reporting and Corrective Action

QMS
Quality Management System

RAESR
Risk Assessment Executive Summary Report

REBA
Rechargeable EVA Battery Assembly

RDMS
Risk Data Management System

S&MA
Safety and Mission Assurance

SAR
Systems Acceptance Review

SDR
Systems Design Review
SEAT
Science, Engineering, Analysis, and Test

SR&QA
Safety, Reliability, and Quality Assurance

SRR
Systems Requirements Review

SS
Space Shuttle

SSP
Space Station Program

VMDB
Vehicle Master Data Base

Appendix B Definition of Terms

Adiabatic discharge:
Discharge with no heat exchange with the environment.  None of the thermal energy created leaves the unit.

Blind connection:

This is a connection that is made when the connectors involved are not directly accessible to personnel when the mate/demate operation occurs. 

Calendar life capacity:
Reduction in the maximum charge recoverable from the battery due to aging.  It is often affected by the conditions of storage, such as voltage or state of charge.

Capacity:

The maximum amount of electrical charge (current integrated over time) that the battery can usefully provide if fully charged.

Capacity imbalance:
If a battery is composed of several cells, this refers to any differences in the capacities of the individual cells.
Current shunt:

A low value series resistor meant to monitor current flow.

Cycling capacity fade:
Reduction in the maximum charge recoverable from the battery due to repeated cycling.  This can be thought of as the battery having been “worn-out” by the cycling.

Derating:

This refers to rating a component at a higher level than that required by the application.  For instance, a 100V capacitor might be used in a 25V application.
Internal resistance:
The effective resistance of the battery at its output connector as determined by the magnitude of the change in the battery voltage when the battery current is changed by a certain amount.

Open circuit voltage:
This is the voltage on the battery when there is no significant load on it and it has sat for a period of time to allow the voltage to stabilize after the last load.
Pigtail extension cables:
These are cables with a connector at one end only.  The other end consists of plain wires, stripped or unstripped, suitable for attaching to another connecter.

Refurbishment:

Replacing portions of the battery that may have worn out or have limited life.

Scrubbing the EVA:
Terminating preparations for the EVA without actually starting the EVA itself.  The scrub could occur after the battery is charged in preparation for the EVA.

Self-discharge:

The disappearance of usable energy from the battery due to internal chemical effects and any internal circuitry in the battery.

State of charge:

This is the amount of electrical charge (current integrated over time) that the battery can usefully provide in its current state.  When this term is a percentage, it is the ratio of the amount that the battery can provide in its present state over the maximum amount that the battery could produce if fully charged.

Temperature soak:
This refers to allowing an item to remain in a constant temperature environment until the item is at a uniform temperature.
Vent/Burst Ratio:

This is the ratio of the pressure at which the cell bursts (with normal venting mechanisms blocked) to the pressure at which the cell vents.

Zero state of charge:
The state of the battery when it cannot provide any more useful charge or energy.
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