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1 SCOPE 
This specification establishes the requirements to which the deployment system Battery CEI (Component End Item) Flight Units (FU) for the SLS Secondary Payload Project shall be procured.  
1.1 Classification 

1.1.1 Flight Unit 

A flight unit (FU) is equipment that conforms to this procurements specification to the fullest extent.  

1.1.2 Qualification Unit 

A Qualification Unit is equipment that conforms to this procurement specification to the fullest extent, but is subjected to Qualification test levels and therefore, will not be used as a flight unit due to overstressing of components.  

2 APPLICABLE DOCUMENTS 
2.1 General 
The following documents of the issue in effect on the date of request for proposal form a part of this document to the extent contained herein.  
The documents listed in this section are specified in Sections 3, 4, or 5 of the specification. This section does not include documents cited in other sections of this standard or recommended for additional information or as examples. While every effort has been made to ensure the completeness of this list, document users are cautioned that they must meet all specified requirements of documents cited in Sections 3, 4, or 5 of the standard, whether or not they are listed.  
2.2 Applicable Government Documents 

The specifications, standards, and handbooks in Table 2.2-1 form a part of this document to the extent specified herein.
Table 2.2-1 App1icable Government Documents 

	Document Number
	Document Name

	SLSxxxxxxx
	Exploration Architecture Design Specification for Natural

Environments

	SLSxxxxxxx
	Electrical Power System Specification

	SLSxxxxxxx
	SLS GSE Requirements Document

	SLSxxxxxxx
	SLS Requirements for the Control of Electromagnetic Interference Characteristics of Subsystems and Equipment.

	SLSxxxxxxx
	System Structural Dynamics, Loads and Models Data Book

	SLSxxxxxxx
	Thermal Environments Data Book

	SLSxxxxxxx
	SLS Vibroacoustic and Shock Environments Data Book.

	SLSxxxxxxx
	KSC Safety Practices Procedural Requirements

	SLSxxxxxxx
	Part Marking

	SLSxxxxxxx
	Packaging and Packing

	SLSxxxxxxx
	Fastener Management and Control Practice Requirements

	SLSxxxxxxx
	EEE Parts Management And Control For MSFC Space Flight

Hardware

	SLSxxxxxxx
	Electrical Bonding for NASA Launch Vehicles, Spacecraft, Payloads, and Flight Equipment

	SLSxxxxxxx
	Structural Design and Test Factors of Safety for Spaceflight

Hardware

	SLSxxxxxxx
	General Fracture Control Requirements for Manned Space

Flight Systems

	SLSxxxxxxx
	Standard Manned Spacecraft Requirements for Materials and

Processes

	SLSxxxxxxx
	Requirements for Packaging, Handling, and Transportation for

Aeronautical and Space Systems, Equipment, and Associated

Components

	SLSxxxxxxx
	Human Rating Requirements for Space Systems

	SLSxxxxxxx
	SLS Contamination Control Plan

	SLS-PLAN-013
	SLS Program Safety and Mission Assurance Plan

	JSC 29353


	Flammability Configuration Analysis for Spacecraft Applications

	JSC 20793
	Crewed Space Vehicle Battery Safety Requirements


2.3 Non-Government Publications 

The publications in Table 2.3-1 form a part of this document to the extent specified herein.

Table 2.3-1 Non-Government Publications 

	Document Number
	Document Name

	ANSI/ESD S20.20-1999
	ESD Association Standard for the Development of an Electrostatic Discharge Control Program for Protection of Electrical and Electronic Parts, Assemblies and Equipment

	
	

	
	

	
	


2.4 Order of Precedence 
In the event of a conflict between the text of this document and the references cited herein, the text of this document takes precedence. Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

3 battery Requirements 

3.1 Battery  Description 
The function of the Battery is to provide power to the system’s sequencer for its deployment timing operation and power for the activation of the deployers.  The battery will be collocated with the sequencer and may or may not be physically combined with the sequencer.  The battery will receive trickle charge power from the ground while in the VAB only via drag-on cabling.
3.2 Battery  Design and Construction Characteristics 
3.2.1 Battery Usage Characteristics 
3.2.1.1 Criticality
The battery is not to be used in launch decision or real time ascent contingency decisions. Loss of functionality of the battery will not affect launch decision therefore the battery is classified as a Criticality 3 subsystem and does not require redundancy.
3.2.1.2 Existing Commercial and Military Equipment

Use of existing military or commercial Off-The-Shelf (OTS) hardware qualified to the relevant levels is encouraged.
3.2.2 Electrical Design

3.2.2.1 Battery Power for Deployment
Battery shall deliver 28 Vdc ± TBD Vdc at a max. of 2.5 Amps for a period of 0.05 sec. TBR power for each deployment.

Rationale: The system sequencer needs power to perform mission counting and manage deployment skit.  The voltage and amperage is the maximum draw to perform a deployment.
3.2.2.2 Battery Duty Power
The battery shall provide the sequencer with an average of 240 Watt-Hour TBR for the duration of the mission.

Rationale: The system battery will supply the power, which allows the sequencer to perform its functions.  The power level and duration of power to perform the s/w skit must not exceed required levels due to system battery size & mission duration.  This power consumption does not include payload triggers to the deployers.

3.2.2.3 Battery Mission Time
The battery shall operate for a minimum period of 10 days starting at the time of activation by the second stage.

Rationale: The battery will provide power to the sequencer which will provide the trigger signal to the deployer for payload deployment over a nine day period.
3.2.2.4 Battery Trickle Charge
The battery shall contain its own trickle charge circuit with individual cell voltage monitoring.
Rationale: Prior to vehicle rollout to the pad a drag-on power cable will be available to the deployment system for battery charging.  The drag-on power will be adjusted to accommodate the system’s battery trickle charge circuit.  For safety purposes each cell needs to be monitored to assure no over voltages occur and promote a hazard.
3.2.2.5 EEE Parts

The battery shall meet the requirements of MSFC-STD-3012, EEE Parts Management and Control for MSFC Space Flight Hardware.
Rationale:  This requirement meets the selection and control of the electrical, electronic, and electromechanical parts to assure the reliability of avionics components commensurate with those components' criticality.

3.2.2.6 Electromagnetic Environmental Effects

The battery shall, in its operational mode, meet the Electromagnetic Environmental Effects requirements of SLS Program Electromagnetic Environmental Effects (E3) Requirements Document.
Rationale:  All subsystems and equipment should be compatible with the electromagnetic environment in order to meet SLS operations and performance requirements. Electromagnetic Compatibility (EMC) will encompass several more detailed topics to be addressed in subsequent sections.
3.2.2.7 Lightning Protection

The battery shall meet the lightning protection requirements of SLS Program Electromagnetic Environmental Effects (E3) Requirements Document.
Rationale: The battery must remain functional after a lightning strike to the vehicle itself or to nearby structures.
3.2.2.8 Bonding

The sequencer shall comply with the electrical bonding requirements of NASA-STD-4003, Electrical Bonding for NASA Launch Vehicles, Spacecraft, and Flight Equipment.

Rationale:  All subsystems and components must be bonded properly in order to comply with electromagnetic compatibility for functional and safe performance.
3.2.2.9 Electrical Grounding

The Battery shall meet the electrical grounding requirements of SLS Program Electromagnetic Environmental Effects (E3) Requirements Document.  

Rationale:  The grounding requirements mitigate safety concerns.
3.2.2.10 Circuit Classification 

The battery shall meet the electrical circuit classification requirements of SLS Program Electromagnetic Environmental Effects (E3) Requirements Document.

Rationale: Required for proper selection of wire and/or cabling to minimize the effects of EMI. 
3.2.2.11 Electromagnetic Interference (EMI)
The battery shall meet the electromagnetic interference requirements of the Control of Electromagnetic Interference Characteristics of Subsystems and Equipment, as specified in SLS Program Electromagnetic Environmental Effects (E3) Requirements Document.
Rationale: To insure immunity to EMI and to minimize interference from the device to the vehicle.   
3.2.2.12 Electrostatic Discharge Protection

The battery shall meet the electrostatic discharge (ESD) protection requirements of SLS Program Electromagnetic Environmental Effects (E3) Requirements Document.
Rationale: Required for safe operation and to prevent damage to sensitive electronics.   
3.2.2.13 Ignition Source Avoidance

The battery electrical components and wiring shall be conformally coated, or otherwise ignition-proofed to prevent ignition of potentially flammable or explosive gases/fluids existing in the vehicle MSA volume.

Rationale: Required for safe operation.
3.2.3 Structural and Mechanical

3.2.3.1 Fracture Control

The battery enclosure shall comply with the requirements of NASA-STD-5019 for Fracture Control requirements for manned space flight systems.

Rationale:  This document establishes the fracture control requirements for all human-rated spaceflight systems including payloads, propulsion systems, orbital support equipment, and planetary habitats.
3.2.3.2 Structural Design and Verification

The battery enclosure shall comply with SLS Structural Design and Verification Requirements Document.

Rationale:  SLS-xxxxx presents common structural design and verification requirements to ensure consistent design, development, and verification of hardware. This document describes general design requirements, design loads, factors of safety and margins of safety, design and stress analysis requirements, structural materials criteria and discusses secondary structure accommodation for human interface and nonstandard fasteners.
3.2.3.3 Failure of Containment
The battery enclosure shall contain any possible battery over pressure failure generated from the contents of the battery.

Rationale:  Since the battery is an energy storage device it has to contain itself so as to not propagate any failure within the battery to the vehicle.
3.2.3.4 Fasteners
Fasteners that are used in the battery shall meet the structural requirements of NASA-STD-5001, MIL-S-8879, and the fracture control requirements of NASA-STD-5019.

Rationale: The harsh operational environment will dislodge systems not properly fastened, causing fatal errors.
3.2.3.5 Battery Mass

The battery shall not exceed a mass of 20 lbs. (9.07 kg) TBR.
3.2.3.6 Battery Envelope

The battery envelope shall not exceed 5.5” (139.7 mm) high x 7.5” (190.5 mm) wide x 12.0” (304.8 mm) long TBR.
3.2.4 Materials

3.2.4.1 Flammability
The battery shall meet the requirements for flammability as specified in NASA-STD-(I)-6016, paragraph 4.2.1.1, as assessed in accordance with JSC 29353, Flammability Configuration Analysis for Spacecraft Applications.

Rationale: This requirement is needed to ensure non-flammable materials are used.
3.2.4.2 Incompatible Materials
The battery shall be protected against galvanic corrosion by connecting only compatible metals unless protective coatings, sealants, and insulation are used per MSFC-SPEC-250. 

Rationale: The contact of different metals can cause galvanic corrosion.
3.2.4.3 Surface Finish
All parts, assemblies, and equipment comprising the battery shall have finish per MSFC-SPEC-250.   

Rationale: This is to provide protection from corrosion and galvanic couples which reduces the structural integrity of the metals leading to critical failures.
3.2.4.4 Dimensioning and Tolerancing

The battery shall comply with ASME Y14.5M-1994, Dimensioning and Tolerancing.

Rationale:  The system needs to establish uniform practices for stating and interpreting dimensioning, tolerancing, and related requirements for use on engineering drawings and in related documents.

3.2.5 Product Marking
3.2.5.1 Part Marking

The battery shall comply with the requirements of MIL-STD-130 for part marking.

Rationale:  This requirement is needed in order to identify and levy the necessary requirements for part marking and to ensure a consistent and acceptable approach is used across the project.  The requirement defines the standard to be applied for part marking.
3.2.5.2  Marking Label Readability

The battery shall comply with the requirements of Human Factors Engineering Design Criteria for Labeling.

Rationale:  Specifying common labeling characteristics is required so that a common set of labels can be developed (including, symbols, text, phrases, colors, etc.) for use in all applications of ground crew and flight crew access to the hardware.
3.2.5.3 Units of Measure

The battery shall be documented using English units, with SI units in parenthesis.
Rationale: The system must be designed for consistency.

3.2.6 Workmanship
3.2.6.1 OTS Workmanship 

The battery shall comply with the workmanship standards for (Off-The-Shelf) OTS assemblies for the Manufacture and Inspection of Electrical, Electromechanical Hardware for Aerospace and High Performance Spaceflight, and Mission Essential Support Equipment Applications for OTS assemblies.

Rationale:  NASA-STD-8739 and J-STD-001DS shall not apply to OTS assemblies; and as a rule commercial vendors may not follow NASA-STD-8739 or J-STD-001DS and application of those standards to OTS assemblies is not practical.

3.2.6.2 Staking and Conformal Coating of Printed Wiring Boards

The custom or modified assemblies in the battery shall be in accordance with NASA-STD-8739.1 (Rev TBS), Workmanship Standard for Staking and Conformal Coating of Printed Wiring Boards and Electronic Assemblies.

Rationale: This satisfies the requirement for staking and conformal coating of printed wiring boards and electronic assemblies. Staking provides protection and support for parts that may be damaged by vibration, shock or handling. Conformal coating provides electrical insulation and environmental protection for electronic printed wiring assemblies from humidity, handling, debris, and contamination.

3.2.6.3 
Surface Mount Technology
The custom or modified assemblies in the battery Surface Mount Technology shall be in accordance with NASA-STD-8739.2, Workmanship Standard for Surface Mount Technology, as supplemented by J-STD-001DS, Space Applications Electronic Addendum to J-STD-001D, Requirements for Soldered Electrical and Electronic Assemblies.

Rationale: This satisfies the requirements for hand and machine soldering of surface mount electrical connections and to ensure proper workmanship for surface mount area array packages. Reference the Surface Mount Area Array Packages section of J-STD-001DS for the supplemental requirements.

3.2.6.4 Soldered Electrical Connections
The custom or modified assemblies in the battery shall be in accordance with NASA-STD-8739.3, Soldered Electrical Connections.

Rationale: This satisfies the requirements for hand and wave soldering to obtain reliable electrical connections.

3.2.6.5 Crimping, Interconnecting Cables, Harness, and Wiring
The custom or modified assemblies with in the battery shall be in accordance with NASA-STD-8739.4, Crimping, Interconnecting Cables, Harness, and Wiring for custom or modified components.

Rationale: This satisfies the requirements for crimping, interconnecting cable, harness assemblies and wiring that connect electrical/electronic and electromechanical components.
3.2.6.6 Rigid Printed Wiring Board Products
The custom assemblies with in the battery shall be in accordance with IPC-6012B, Class 3A, Qualification and Performance Specification for Rigid Printed Wiring Boards.

 Rationale: This satisfies the requirements for printed wiring board products intended for use in aircraft, spacecraft, launch vehicles, and mission-essential support equipment. The requirements are to be invoked by design documentation for flight hardware and critical support equipment.

3.2.6.7 Printed Wiring Board Design
The custom assemblies within the battery shall be in accordance with rigid printed wiring boards design requirements of MSFC-STD-3425, Design Requirements for Rigid Printed Circuit Boards and Assemblies.

Rationale: This requirement will assure that printed wiring board designs will meet the high reliability required for Class 3 hardware and survive the harsh environments imposed by space flight.

3.2.6.8 Electrostatic Discharge Controls

The battery shall be produced, manufactured, and handled using ESD controls in accordance with ANSI/ESD S20.20-1999, ESD Association Standard for the Development of an Electrostatic Discharge Control Program for Protection of Electrical and Electronic Parts, Assemblies and Equipment (excluding Electrically Initiated Explosive Devices).
3.2.7 Interchangeability
N/A
3.2.8 Software Safety
N/A
3.2.9 Human Engineering
3.2.9.1 Ground Crew Interfaces

N/A
3.2.10 Communications
N/A
3.2.11 Other
3.2.11.1 Electromagnetic Effects, Induced Electromagnetic Environment
The battery shall meet its requirements while in the presence of another vehicle system's induced electromagnetic environment in accordance with SLS Program Electromagnetic Environmental Effects (E3) Requirements Document.

Rationale: All subsystems and equipment will create a complex electromagnetic environment that will vary with time mission phase, system operation, and so forth. Incompatibilities with this electromagnetic environment will impact vehicle operations.
3.2.11.2 Environmental Qualification and Acceptance Testing

The battery shall comply with the requirements of SLS Environmental Qualification and Acceptance Testing Requirements Document, for environmental qualification and acceptance testing.

Rationale:  This requirement is necessary to ensure that the qualification and acceptance of flight hardware, systems, and major assemblies are designed and verified in accordance with the approved requirements in XXXXXXXX.
3.2.11.3 Cleanliness Requirements
The battery shall comply with the SLS vehicle Contamination Control Plan, SLS-XXXXXXX.

Rationale: This requirement is needed to provide a consistent and acceptable approach across the project. The vehicle requires cleanliness program for safety and mission success.

3.2.11.4 System Safety and Mission Assurance
The battery shall comply with the requirements specified in SLS Program Safety and Mission Assurance Plan.

Rationale:  SLS-PLAN-013 contains system Safety and Mission Assurance top-level requirements, roles, and responsibilities that provide a systematic and objective approach for all launch projects, including lower level project elements, during all phases of the life cycle from launch vehicle design, development, testing, and to the design of all ELP processes from manufacturing to final disposal and/or disposition.
3.2.11.5 Temporary Installed Hardware Identification
All battery temporarily installed devices shall be marked in accordance with MWI 8730.2, MPD 1280.1 (Remove Before Flight).
Rationale:  The color draws attention to any test or temporarily installed hardware (i.e. safety pins or other such items).  This includes but is not limited to; test equipment, caps, plugs, covers, support brackets, protective plates, etc. 
3.2.11.6 Cross Connection Prevention

The battery shall prevent mismating of connectors in close proximity by utilizing clear labeling, connector sizing and insert arrangements, or physical routing for those connectors.

Rationale:  The accidental connection of incompatible cables or the disconnections of cables during flight are safety concerns.  It is expected that cable slack will be limited, which will prevent many possible misconnections (thus not all connectors need to be unique).  For other components, use of differing connectors should help avoid misrouting of cables.
3.2.11.7   Hole Pattern
The battery shall be compatible w/a mounting hole pattern as identified in Figure 3.2.11.7-1. 

Rationale: Must ensure that components are built to accept the specified fasteners.
[image: image1.png]



Figure 3.2.11.7-1 Battery Mounting Hole Pattern (TBR)
3.2.11.8  Provide Captive Fasteners
The battery shall provide captive fasteners with all components requiring any disassembly to aid in installation into the MSA. 

Rationale: Protects from loose fasteners falling down into the vehicle during payload/deployer installation.
3.2.11.9 Battery Wire Connectors to Ground Trickle Power
The battery shall use a D38999/21GA98PN mil standard connector (6 contacts size 20)TBR  for trickle power while in the VAB.
Rationale: The use of a D38999/21GA98PN mil standard socket connector satisfies the standard set by ground services.

3.2.11.10   Battery to Ground Connector Pin-Out
The battery shall use a D38999/21GA98PN mil standard socket connector TBR pin-out as shown in Figure 3.2.11.10-1.

Rationale: The pin-out needs to be standardized for system wiring and battery pin-out design considerations.  Pin-out shows optional functions that may be used in future configurations.

TBD
Figure 3.2.11.10-1 Battery to Ground Pin-Out Interface Configuration

3.2.11.11   Sequencer Wire Connectors to System Power Connector
The battery shall use a D38999/21GA98PN mil standard connector (6 contacts size 20) TBR.
Rationale: The connector may be waived if battery unit is structurally an integral part of the sequencer.

3.2.11.12   Sequencer to Power Connector Pin-Out
The battery shall use a D38999/21GA98PN connector pin-out as shown in Figure 3.2.11.12-1.

Rationale: The pin-out needs to match the system power interface. 

TBD

Figure 3.2.11.12-1 Sequencer to System Power Pin-Out Interface Configuration (TBR)
3.2.12 Maintainability and Supportability

3.2.12.1 Service Life

The battery shall meet its performance and functional requirements for a period of at least 4 years TBR after acceptance.

Rationale: Requirement provides maximum flexibility for hardware utilization taking into account rework, launch delays, and manifest changes. Consumable products, such as batteries, are not included under service life requirements but are covered as part of normal launch operations processing.

3.2.12.2 Mean Time To Failure

The battery Mean Time To Failure (MTTF) shall be at least 1,500 hours TBR.

3.2.13 Natural Environmental Conditions
3.2.13.1 Natural Environments
The battery shall meet all functional and performance requirements within the range of environmental conditions specified in SLS Program Design Specification for Natural Environments, Sections x.x.x, x.x.x, x.x.x.

 Rationale: This is an allocated requirement.
Table 3.2.13-1 Natural Environments 

	Operational Phase
	Ground Interface Name
	GSDO Baseline
	Media
	Mass Flow Rate5
	Max Back Pressure @ Max Flow Rate9
(psig)
	Temperature3, 4
(°F)
	Maximum Humidity Ratio
(gr/lb DA)6
	Maximum Hydrocarbons
(ppm)
	Airborne Particle Specification
	Comments

	ML @ the VAB
	SLS/FWD (MSA)10
	Y
	Conditioned Air1
	12 <TBR-001>
	0.7
	65 - 85
	37
	15
	ISO 14644-1, Class 8
	 

	ML @ during rollout
	SLS/FWD (MSA)
	N
	---
	---
	---
	---
	---
	---
	---
	No ECS during Rollout required for Block 1 MPCV configuration.  ECS will be needed for cargo missions

	ML @ the Pad
	SLS/FWD (MSA)10
	Y
	Conditioned Air1
	12 <TBR-016>
	0.7
	65-85
	37
	15
	ISO 14644-1, Class 8
	 

	
	
	Y
	Gaseous Nitrogen2,7
	14
	0.8
	65-150
	1
	
	
	


Notes:

1. LVSA, MSA and Equip Shelf I/F will get air of the same selected temperature

2. LVSA and MSA I/F will get GN2 of the same selected temperature

3. SLS I/F set point accuracy ±5°F for GN2.  Set point accuracy is 15°F for first 15 minutes after air to GN2, GN2 to air and flow rate adjustments.

4. SLS I/F set point accuracy +10° / -5° F for air only.

5. Flow rate to be adjustable over the range specified and controllable within ±5% of the set point.

6. gr/lbm DGN2

7. GN2 moisture content remains at the air moisture level and decreases following air to GN2 changeover.

8. Temperature, pressure, and humidity sensor will not be located on umbilical arms or at the end of flexible duct connecting to the flight hardware.

9. Max back pressure@ max flow rate at the vehicle I/F.

10. SLS shall be capable of withstanding up to 95% relative humidity (without dry inert gas purge or desiccation) for temperatures up to 95° F, and up to dew point of 91° F for temperatures above 95° F, for cumulative period of up to 24 hours within any 72 hour period.

3.2.14 Induced Environmental Conditions

3.2.14.1 Thermal Environments
The battery shall meet the thermal environments defined in the MSA volume.
Rationale: The battery must be able to operate within the induced environments present in the MSA.
3.2.14.2 Random Vibration and Shock
The battery shall satisfy all flight performance requirements during and after exposure to vibration and shock environments as defined in SLS Vibroacoustic and Shock Environments Databook.
Table 3.2.14-1 Random Vibrations (less vibration isolation) 

[image: image2.png]Long. and Tang. Axes

(Hz) (e*/Hz)
20 0.001
110 0.13
460 0.13
650 0.03
1400 0.03
2000 0.01

Composite =9.3 grms





Table 3.2.14-2 Shock (from spacecraft separation) 

	D=Distance from Component to Shock Interface (in)
	Spectrum Amplitude (G)
	Frequency Points (Hz)

	
	A
	B
	C
	a
	b
	c

	12< D < 24
	55
	3,340
	3,340
	100
	3,960
	10,000


Note: G levels have not been reduced by 70% to reflect system configuration.
3.2.14.3 Induced Environments

The battery shall meet the requirements during and after exposure to the induced environments, as specified as in SLS Induced Environment Design Specification (IEDS).

Rationale: The battery must be able to operate within the induced environments present on the SLS.
3.2.14.4 Structural Loads

The battery shall use the structural loads defined in SLS Structural Dynamics Loads and Models Data book in all design, analysis and testing activities.

Rationale: The battery must be able to operate within the induced environments present in the MSA.  This Data book should identify the loads at the mounting location for the subsystem box.  

3.2.15  Transportability
3.2.15.1 Packaging and Packing
The battery shall comply with the requirements of NPR 6000.1 for packaging and packing for shipment to the launch site or to any facility from the contractor's site.

 Rationale:  The requirement is needed to establish packaging requirements for shipment which are adequate to maintain the reliability of NASA items and to achieve their damage-free delivery to the place and time of ultimate use.
4 Verification  

The verification program shall ensure that the sequencer will conform to the design and performance requirements specified in Section 3. For each Section 3 requirement, there shall be a corresponding Section 4 verification requirement that contains the requirements necessary to show compliance with each “shall” statement. The verification requirement must have three parts: the method of verification, a description of the verification work to be performed, and success criteria that determines when the verification is complete. Non- “shall” statements will not have a verification requirement for compliance.

This following section identifies the how, what, and when the requirements will be verified and the required verification data. 
4.1 Description 
4.1.1 Verification Methods 
Verification methods are the methods by which the requirements in Section 3.0 are to be verified. One or more of the following methods will be used:
1. Test—Verification by test is the actual operation of equipment during ambient conditions or when hardware is subjected to specified environments to evaluate performance.

1a. Functional Test—Functional testing is an individual test or series of electrical or mechanical performance tests conducted on flight or flight-configured hardware and/or software at conditions equal to or less than design specifications. Its purpose is to establish that the system performs satisfactorily in accordance with design and performance specifications. Functional testing generally is performed at ambient conditions. Functional testing is performed before and after each environmental test or major move in order to verify system performance prior to the next test/operation.

1b. Environmental Test—Environmental testing is an individual test or series of tests conducted on flight or flight-configured hardware and/or software to assure the hardware will perform satisfactorily in its flight environment. Environmental tests include vibration, acoustic and thermal vacuum and may or may not be combined with functional testing depending on the objectives of the test.

2. Analysis—Verification by analysis is a process used in lieu of or in addition to testing to verify compliance to requirements. The selected techniques may include systems engineering analysis, statistics and qualitative analysis, computer and hardware simulations, analog modeling, similarity assessment, and verification of records.

3. Demonstration—Verification by demonstration is the use of actual demonstration techniques in conjunction with requirements such as operational performance, serviceability, accessibility, transportability, human engineering features, and display data.

4. Inspection—Verification by inspection is the physical evaluation of hardware and/or documentation/drawings to verify design features. Inspection is used to verify construction features, workmanship, dimension and physical condition, such as cleanliness, surface finish, and locking hardware.  
4.1.2 Verification Cross Reference Matrix 

A Verification Cross Reference Matrix (VCRM) is generated to show the requirement trace and closure methods. The VCRM is an appendix to this document.

4.1.3 Test Equipment and Facilities 
Unit Tester - Portable, self-contained hardware and software necessary to functionally test both the requirements and the design of a standard deployer in a stand-alone configuration.  

4.1.4 Acceptance and Rejection Criteria 

The battery which has passed all of the inspections shall be accepted.  Assemblies which are not accepted will be considered rejected.  The full particulars concerning rejection and the necessary action taken to correct the defect will be made available to the Government inspector before resubmittal of the assembly for retest.
4.1.5 Requests for Deviation or Waiver 

Requests for deviation or waiver from this specification, applicable drawings, specifications, publications, and materials or processes herein, shall be submitted to the procuring activity for approval.  
4.1.6 Government Acceptance Inspections 

The Government acceptance inspection shall be conducted in accordance with the provisions of the contract.  
4.1.7 Acceptance Tests 

Each assembly submitted for acceptance under the contract shall successfully comply with acceptance test requirements in by the test methods in Acceptance Test Procedure for the assembly.  
4.1.8 Preproduction and Periodic Production Tests 

Preproduction and periodic production tests shall be performed at a test activity designated by the Government when the frequency and quantity are in the contract.  Preproduction tests will be conducted after the award of the contract.  Failure of a periodic production sample will result in the rejection of the lot represented by the sample or the cessation of production as determined by the procuring activity.
4.1.9 Production Tests and Inspections 

Production tests and inspections shall be conducted in accordance with the production, test, and inspection plan.  

4.2 Battery Design and Construction Characteristics 
4.2.1 Battery Usage Characteristics
4.2.1.1 Criticality
N/A

4.2.1.2 Existing Commercial and Military Equipment
N/A

4.2.2 Electrical Design 
4.2.2.1 Battery Power for Deployment
Verification shall be by test.  A test shall be performed to show that the battery provides at or above required voltage & amperage.  Testing shall be performed to monitor the voltage parameters and time to perform the required operation.  Verification shall be considered successful when it is shown that the battery power falls within the required voltage & amperage.
4.2.2.2 Battery Duty Power
Verification shall be by test.  Testing shall be performed to monitor the voltage parameters and time to perform the required operation.  Verification shall be considered successful when it is shown that the battery power falls within the required power and time.

4.2.2.3 Battery Mission Time

Verification shall be by test.  Testing shall be performed show that the battery will meet the required operation time.  Verification shall be considered successful when it is shown that the battery performs for the required time period.
4.2.2.4 Battery Trickle Charge
Verification shall be by test.  Testing shall be performed to monitor the power parameters to perform the required operation.  Verification shall be considered successful when it is shown that the battery operation falls within the requirement.
4.2.2.5 EEE Parts

Verification method shall be analysis by verification of records. (a) EEE Parts Control Plan data items shall be analyzed to determine what EEE parts management and control processes are applied. (b) As-designed EEE Parts List data items shall be analyzed to determine what EEE parts are used by design. (c) Nonstandard Part Approval Requests (NSPAR) data items shall be analyzed to determine the terms for acceptance and use of the applicable EEE parts. (d) EEE Parts Derating Analysis Report data items shall be analyzed to determine what derating is achieved for the application. (e) As-built EEE Parts List data items shall be analyzed to determine that only traceable approved EEE parts and sources are used. Success criteria shall be that the analyses of (a), (b), (c), (d), and (e) show compliance.
4.2.2.6 Electromagnetic Environmental Effects

Electromagnetic Environmental shall be verified by test and analysis. Tests shall be performed on the battery flight hardware which exposes the battery to the electromagnetic environment defined in SLS Program Electromagnetic Environmental Effects (E3) Requirements Document to show that the sequencer still meets flight performance requirements during exposure to this environment. An analysis shall be performed for those battery components, which cannot be directly tested within the electromagnetic environment to show compliance of these components with SLS Program Electromagnetic Environmental Effects (E3) Requirements Document (TBR). Verification shall be considered successful when it is shown that all battery components meet performance requirements during exposure to the electromagnetic environment defined SLS Program Electromagnetic Environmental Effects (E3) Requirements Document.

4.2.2.7 Lightning Protection

The battery lightning protection shall be verified by an analysis.  Successful verification shall be achieved when analysis of immunity to damage or upset due to lightning transient design levels, demonstrate compliance with SLS Program Electromagnetic Environmental Effects (E3) Requirements Document E3 Requirements. 
4.2.2.8 Bonding

Electrical Bonding shall be verified by analysis, inspection, and test. Testing shall verify the adequacy of electrical bonding processes and procedures for each bonding class. Analysis shall verify that correct bond classes have been identified and bonding paths are designed to meet identified bonding class requirements. Inspection shall verify that proper bonding processes, procedures, and classes have been identified in hardware drawings and documentation. Inspection shall also verify that hardware fabrication and installation measurements demonstrate proper electrical bonding has been achieved. Verification shall be considered successful when each bonding joint is shown to have the correct bonding class requirement, the fabrication and installation procedure will result in a proper electrical bond, and the tested bonds meet the identified bond class resistance limits.
4.2.2.9 Electrical Grounding

Electrical shall be verified by analysis and inspection. An inspection of the battery flight hardware shall be performed to ensure that battery components are grounded in accordance with SLS Program Electromagnetic Environmental Effects (E3) Requirements Document.  An analysis shall be generated for those battery components, which cannot be verified by direct inspection that shows that all battery components are grounded. Verification shall be considered successful when it is shown that all battery is grounded in accordance with SLS Program Electromagnetic Environmental Effects (E3) Requirements Document.

4.2.2.10 Circuit Classification 

Circuit classification shall be verified by analysis.  An analysis shall be generated for the battery that shows that the battery is grounded. Verification shall be considered successful when it is shown that the battery is grounded in accordance with SLS Program Electromagnetic Environmental Effects (E3) Requirements Document.

4.2.2.11 Electromagnetic Interference (EMI)

Electromagnetic Interference shall be verified by test. Testing shall be conducted on the battery representative flight hardware to determine the level of electromagnetic interference (EMI) produced in all operational modes. The requirement shall be considered verified if the level of potential EMI produced by the unit in all operational modes is at or below the maximum allowable SLS Requirements for Control of Electromagnetic Interference Characteristics of Subsystems and Equipment 

4.2.2.12 Electrostatic Discharge Protection

Electrostatic Discharge (ESD) Protection shall be verified by analysis.  Analysis of the battery design shall be conducted with respect to electrostatic discharge protection in accordance with the requirements of SLS Program Electromagnetic Environmental Effects (E3) Requirements Document, E3 Requirements. The requirement shall be considered verified if analysis indicates that the unit meets all of the requirements.

4.2.2.13 Ignition Source Avoidance

Ignition Source Avoidance shall be verified by analysis and inspection.  An inspection of the flight hardware shall be performed to ensure that electrical components and wires are conformally coated, or otherwise ignition-proofed, to prevent ignition of potentially flammable or explosive gases/fluids existing in the vehicle instrument unit or the interstage volumes. An analysis shall be generated for those components and wires which cannot be verified by direct inspection that shows that the conformal coating or other ignition-proofing prevents ignition of potentially flammable or explosive gases/fluids which may exist in the vehicle instrument unit or interstages. Verification shall be considered successful when it is shown that the conformal coating or other ignition-proofing prevents ignition of potentially flammable or explosive gases/fluids which may exist in the vehicle MSA.

4.2.3 Structural and Mechanical
4.2.3.1 Fracture Control

Fracture Control shall be verified by analysis.  An analysis of the battery shall be performed to ensure the unit is in compliance with the requirements of NASA-STD-5019, Fracture Control Requirements for Manned Space Flight Systems. Verification shall be considered successful when it is shown that the battery complies with the requirements in NASA-STD-5019, Fracture Control Requirements for Manned Flight Systems.

4.2.3.2  Structural Design and Verification

Structural Design and Verification shall be verified by analysis.  An analysis shall be performed to verify that the battery is in compliance with SLS Structural Design and Verification Requirements Document.  Verification shall be considered successful when the analysis shows that the battery is in compliance with SLS Structural Design and Verification Requirements Document.
4.2.3.3 Failure of Containment
Explosion Containment shall be verified by analysis and test.  An analysis shall be performed to verify that the battery can contain any over pressure, generated from within the battery.   A test shall be performed to show that the battery provides containment of an over pressure potentially generated by a failed battery.   Verification shall be considered successful when the analysis and test shows that the battery can contain a self-generated over pressurization.
4.2.3.4 Fasteners

Fasteners shall be verified by analysis.  An analysis of the fasteners used within the battery flight hardware shall be performed to ensure they meet the structural requirements of NASA-STD-5001, MIL-S-8879, and the fracture control requirements of NASA-STD-5019 Verification shall be considered successful when it is shown that all fasteners used within the battery flight hardware shall be performed to ensure they meet the structural requirements of NASA-STD-5001, MIL-S-8879, and the fracture control requirements of NASA-STD-5019.

4.2.3.5 Battery Mass
The battery mass shall be verified by test.  A test shall be performed of the battery to ensure that it has a mass less than or equal to 20 lbs. (9.07 Kg).  Verification shall be considered successful when it is shown that the battery has a mass less than or equal to 20 lbs. (9.07 Kg).
4.2.3.6 Battery Envelope

The battery envelope shall be verified by test.  A test shall be performed of the battery to ensure that it has dimensions less than or equal to 5.5” (139.7mm) high x 7.5” (190.5 mm) wide x 12.0” (304.8 mm) long.  Verification shall be considered successful when it is shown that the battery has dimensions less than or equal to 5.5” (139.7mm) high x 7.5” (190.5 mm) wide x 12.0” (304.80 mm).
4.2.4 Materials

4.2.4.1 Flammability

Flammability shall be verified by analysis.  An analysis of the battery flight hardware shall be performed to show that the components meet the requirements for flammability as specified in NASA-STD-6016, paragraph 4.2.1.1, as assessed in accordance with JSC 29353, Flammability Configuration Analysis for Spacecraft Applications. Verification shall be considered successful when it is shown that the components meet the requirements for flammability as specified in NASA-STD-6016, paragraph 4.2.1.1, as assessed in accordance with JSC 29353, Flammability Configuration Analysis for Spacecraft Applications.

4.2.4.2 Incompatible Materials
Incompatible Materials requirement shall be verified by analysis.  An analysis of the battery flight hardware shall be performed to show that connections occur only between compatible materials. For situations where the connected materials are incompatible, the analysis will show that protective coatings, sealants and insulation are used in accordance with MSFC-SPEC-250. Verification shall be considered successful when it is shown that the battery is protected against galvanic corrosion either by connecting only compatible materials or, when incompatible materials are connected, that protective coatings, sealants and insulation is used in accordance with MSFC-SPEC-250.

4.2.4.3  Surface Finish

Surface finish shall be verified by analysis and inspection. An inspection of the battery flight hardware shall be performed to ensure that the deployer components have a surface finish in accordance with MSFC-SPEC-250.  An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that all battery components have a surface finish in accordance with MSFC-SPEC-250.  Verification shall be considered successful when it is shown that all battery components have a surface finish in accordance with MSFC-SPEC-250.

4.2.4.4 Dimensioning and Tolerancing

Dimensioning and Tolerancing shall be verified by analysis.  An analysis of lower level documentation shall be performed to show that the battery documentation complies with ASME Y14.5M-1994, Dimensioning and Tolerancing.  Verification shall be considered successful when the analysis shows that the battery is in compliance with ASME Y14.5M-1994.
4.2.5 Product Marking

4.2.5.1 Part Marking

Part marking shall be verified by inspection. Battery shall be examined to ensure that the part marking on the battery is in compliance with the requirements of MIL-STD-130. Verification shall be considered successful when it is shown that the battery has part markings which are in compliance with the requirements of MIL-STD-130.

4.2.5.2 Marking Label Readability

Marking label readability shall be verified by inspection.  Battery shall be examined to ensure that labels on the battery comply with the requirements of the Human Factors Engineering Design Criteria for Labeling. Verification shall be considered successful when it is shown that all labels on the battery comply with the requirements of the Human Factors Engineering Design Criteria for Labeling.
4.2.5.3 Units of Measure

The units of measure shall be verified by inspection of the battery documentation. Successful verification shall be achieved when the inspection confirms use of English units with SI in parenthesis for all documentation delivered with the battery.
4.2.6 Workmanship

4.2.6.1 OTS Workmanship

OTS workmanship shall be verified by analysis. An analysis of OTS assemblies shall be made to determine if any workmanship standards are applicable per CxP 70165 TBD-SC8 OTS exclusions of NASA-STD-8739 and J-STD-001DS.

4.2.6.2 Staking and Conformal Coating of Printed Wiring Boards
Staking and Conformal Coating of Custom Printed Wiring Boards shall be verified by analysis and inspection. An inspection of the battery components shall be performed to ensure that staking and conformal coatings are in compliance with the requirements of NASA-STD-8739.1 (Rev TBS), Workmanship Standard for Staking and Conformal Coating of Printed Wiring Boards and Electronic Assemblies. An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that the staking and conformal coating of each component complies with NASA-STD-8739.1. Verification shall be considered successful when it is shown that the staking and conformal coating of all battery components comply with the requirements in NASA-STD-8739.1 (Rev TBS), Workmanship Standard for Staking and Conformal Coating of Printed Wiring Boards and Electronic Assemblies.

4.2.6.3 
Surface Mount Technology
Surface Mount Technology of custom components shall be verified by analysis and inspection. An inspection of the battery components shall be performed to ensure that soldering of surface mount electrical connections and surface mount area array packages are in compliance with NASA-STD-8739.2, Workmanship Standard for Surface Mount Technology, as supplemented by J-STD-001DS, Space Applications Electronic Addendum to J-STD-001D, Requirements for Soldered Electrical and Electronic Assemblies. An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that the soldering of surface mount electrical connections and surface mount area array packages of each component complies with NASA-STD-8739.2 and J-STD-001DS. Verification shall be considered successful when it is shown that the soldering of surface mount electrical connections and surface mount area array packages of all battery components comply with the requirements in NASA-STD-8739.2, Workmanship Standard for Surface Mount Technology, as supplemented by J-STD-001JS, Space Applications Electronic Addendum to J-STD-001D, Requirements for Soldered Electrical and Electronic Assemblies.

4.2.6.4 Soldered Electrical Connections
Soldered Electrical Connections of any custom assemblies shall be verified by analysis and inspection. An inspection of the battery components shall be performed to ensure that soldering of electrical connections is in compliance with the requirements of NASA-STD-8739.3, Soldered Electrical Connections. An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that the soldering of electrical connections for each component complies with NASA-STD-8739.3. Verification shall be considered successful when it is shown that the soldering of electrical connections of all battery components complies with the requirements in NASA-STD-8739.3, Soldered Electrical Connections.

4.2.6.5 Crimping, Interconnecting Cables, Harness, and Wiring
Crimping, Interconnecting Cables, Harness, and Wiring of any custom assemblies within the battery shall be verified by analysis and inspection. An inspection of the battery components shall be performed to ensure that any crimping, interconnecting cables, harness and wiring used to connect electrical/electronic and electromechanical components is in compliance with the requirements of NASA-STD-8739.4, Crimping, Interconnecting Cables, Harness, and Wiring. An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that any crimping, interconnecting cables, harness and wiring used to connect electrical/electronic and electromechanical components for each component complies with NASA-STD-8739.4. Verification shall be considered successful when it is shown that any crimping, interconnecting cables, harness, and wiring used to connect electrical/electronic and electromechanical components of all battery components complies with the requirements in NASA-STD-8739.4, Crimping, Interconnecting Cables, Harness, and Wiring.

4.2.6.6 Rigid Printed Wiring Board Products
Rigid Printed Wiring Board Products of custom boards shall be verified by analysis.  An analysis of the battery components shall be performed to ensure each component is in compliance with IPC-6012B, Class 3, Qualification and Performance Specification for Rigid Printed Wiring Boards. Verification shall be considered successful when it is shown that all battery components comply with IPC-6012B, Class 3, Qualification and Performance Specification for Rigid Printed Wiring Boards.

4.2.6.7 Printed Wiring Board Design
Printed Wiring Board Design of any custom board designs shall be verified by analysis.  An analysis of the battery components shall be performed to ensure each component is in compliance with the requirements of MSFC-STD-3425, Design Requirements for Rigid Printed Circuit Boards and Assemblies. Verification shall be considered successful when it is shown that all battery components comply with the requirements of MSFC-STD-3425, Design Requirements for Rigid Printed Circuit Boards and Assemblies.

4.2.6.8 Electrostatic Discharge Controls

Electrostatic Discharge Controls shall be verified by analysis and inspection. An inspection of the battery components shall be performed to ensure that handling and marking of ESD sensitive equipment is in compliance with the requirements of ANSI/ESD 20-20-1999 for Electrostatic Discharge (ESD) Control. An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that the handling and marking of ESD sensitive equipment complies with ANSI/ESD 20-20-1999. Verification shall be considered successful when it is shown that the handling and marking of all ESD sensitive equipment within the battery complies with the requirements of ANSI/ESD 20-20-1999 for Electrostatic Discharge (ESD) Control.

4.2.7 Interchangeability
N/A
4.2.8 Software Safety
N/A
4.2.9 Human Engineering
4.2.9.1 Ground Crew Interfaces

N/A
4.2.10 Communications
N/A
4.2.11 Other
4.2.11.1 Electromagnetic Effects, Induced Electromagnetic Environment

Electromagnetic Effects, Induced Electromagnetic Environment shall be verified by test and analysis. Tests shall be performed on the battery flight hardware which exposes the battery to an induced electromagnetic environment defined in SLS Program Electromagnetic Environmental Effects (E3) Requirements Document to show that the battery still meets flight performance requirements during exposure to this environment. An analysis shall be performed for those battery components which cannot be directly tested within the induced electromagnetic environment to show compliance of these components with XXXXXXX. Verification shall be considered successful when it is shown that all battery components meet performance requirements during exposure to the induced electromagnetic environment defined in SLS Program Electromagnetic Environmental Effects (E3) Requirements Document.
4.2.11.2  Environmental Qualification and Acceptance Testing

Environmental Qualification and Acceptance Testing shall be verified by test and/or analysis. Testing and/or analysis shall be performed to verify that the battery is in compliance with the requirements SLS Environmental Qualification and Acceptance Testing Requirements Document, for environmental qualification and acceptance testing. Verification shall be considered successful when the analysis shows that the battery is in compliance with the requirements SLS Environmental Qualification and Acceptance Testing Requirements Document, for environmental qualification and acceptance testing.
4.2.11.3 Cleanliness Requirements

Cleanliness requirements shall be verified inspection.  An inspection of the battery components shall be performed to ensure each component is in compliance with the requirements of SLS-XXXXXXX. Verification shall be considered successful when it is shown that all battery components comply with the requirements of SLS-XXXXXXXX.

4.2.11.4 System SR&QA

System Safety and Mission Assurance shall be verified by analysis.  An analysis of the battery flight hardware shall be performed to ensure each component is in compliance with the requirements of the SLS Program Safety and Mission Assurance Plan.  . Verification shall be considered successful when it is shown that all battery components comply with the requirements of the SLS Safety and Mission Assurance Plan.

4.2.11.5 Temporary Installed Hardware Identification

Temporary installed hardware identification shall be verified by analysis and inspection.  An inspection of the battery flight hardware shall be performed to ensure that any temporarily installed devices are marked in accordance with MWI 8730.2, MPD 1280.1 (Remove Before Flight).  An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that all battery temporarily installed devices are marked in accordance with MWI 8730.2, MPD 1280.1 (Remove Before Flight). Verification shall be considered successful when it is shown that all battery temporarily installed devices are marked in accordance with MWI 8730.2, MPD 1280.1 (Remove Before Flight).

4.2.11.6 Cross Connection Prevention

Cross Connection Prevention shall be verified by analysis and inspection.  An analysis of the battery flight hardware design shall be performed to discuss how the design ensures that mating of connectors within close proximity will not occur. An inspection of the battery design documents (design docs, schematics, etc.) shall be performed to support the analysis.  Verification shall be considered successful when it is shown that the battery design prevents the mating of all connectors in close proximity.

4.2.11.7  Hole Pattern
The requirement for mounting holes for fasteners shall be verified by analysis and inspection. An inspection of the battery flight hardware shall be performed to ensure that battery components provide fastener compatible holes in accordance with Figure 3.2.11.7-1.  An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that all battery components provide fastener compatible holes in accordance with Figure 3.2.11.7-1. Verification shall be considered successful when it is shown that all battery components provide fastener compatible holes in accordance with Figure 3.2.11.7-1.

4.2.11.8  Provide Captive Fasteners

The requirement for captive fasteners shall be verified by analysis and inspection. An inspection of the battery flight hardware shall be performed to ensure that deployer components provide captive fasteners.  An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that all battery components provide captive fasteners. Verification shall be considered successful when it is shown that all battery components provide captive fasteners.

4.2.11.9 Battery Wire Connectors to Ground Trickle Power
Standard for Wire Connectors shall be verified by analysis and inspection.  An inspection of the battery flight hardware shall be performed to ensure that battery components use connectors, which are D38999/21GA98PN mil standard connector.  An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that all battery components use connectors, which are D38999/21GA98PN mil standard connector.  Verification shall be considered successful when it is shown that all battery components use D38999/21GA98PN mil standard connector.

4.2.11.10   Battery to Ground Connector Pin-Out
The requirement for connector pin-out shall be verified by analysis and inspection.  An inspection of the battery flight hardware shall be performed to ensure that battery components provide pin functions as shown in Figure 3.2.11.10-1.  An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that all battery components provide pin functions are in accordance with Figure 3.2.11.10-1. Verification shall be considered successful when it is shown that all battery components provide pin functions in accordance with Figure 3.2.11.10-1.
4.2.11.11   Sequencer Wire Connectors to System Power Connector
Standard for Wire Connectors shall be verified by analysis and inspection.  An inspection of the battery flight hardware shall be performed to ensure that battery components use connectors, which are D38999/21GA98PN socket connector.  An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that all battery components use connectors, which are D38999/21GA98PN socket connector.  Verification shall be considered successful when it is shown that all battery components use D38999/21GA98PN socket connectors.

4.2.11.12   Sequencer to Power Connector Pin-Out
The requirement for connector pin-out shall be verified by analysis and inspection.  An inspection of the battery flight hardware shall be performed to ensure that battery components provide pin functions as shown in Figure 3.2.11.12-1.  An analysis shall be generated for those battery components which cannot be verified by direct inspection that shows that all battery components provide pin functions in accordance with Figure 3.2.11.12-1. Verification shall be considered successful when it is shown that all battery components provide pin functions in accordance with Figure 3.2.11.12-1.

4.2.12 
Maintainability and Supportability
4.2.12.1 Service Life
Service Life shall be verified by analysis. An analysis of battery and component verification data shall be performed to ensure that the battery meets its performance and functional requirements for a period of at least four years after acceptance, when maintained per the recommended procedures of the manufacturer.  Verification shall be considered successful when the analysis shows the battery will meet its performance and functional requirements for a period of at four years after acceptance, when maintained per the recommended procedures of the manufacturer.

4.2.12.2 Mean Time To Failure

The mean time to failure shall be verified by analysis.  An analysis of battery and component verification data shall be performed to ensure that the battery meets its performance and functional requirements for a period of at least 1,500 hours.  Verification shall be considered successful when the analysis shows the battery will meet its performance and functional requirements for a period of at least 1,500 hours.

4.2.13 Natural Environmental Conditions

4.2.13.1 Natural Environments

Natural Environments shall be verified by test and analysis. Tests shall be performed on the battery flight hardware which exposes the battery to the range of natural environments defined in SLS Program Design Specification For Natural Environments to show that the battery still meets flight performance requirements during exposure to these environment. An analysis shall be performed for those battery components which cannot be directly tested within the range of natural environments to show compliance of these components. Verification shall be considered successful when it is shown that all battery components meet performance requirements during exposure to the range of natural environments defined in SLS Program Design Specification for Natural Environments.

4.2.14 Induce Environmental Conditions

4.2.14.1 Thermal Environments

Thermal Environments shall be verified by test and analysis. Tests shall be performed on the battery flight hardware which exposes the battery to the thermal environments defined in SLS Thermal Environments Report, to show that the battery still meets flight performance requirements during exposure to these environments. An analysis shall be performed for those battery components which cannot be directly tested within the thermal environments to show compliance of these components. Verification shall be considered successful when it is shown that all battery components meet performance requirements during exposure to the thermal environments defined in SLS Thermal Environments Report.

4.2.14.2 Random Vibration and Shock   

Random Vibration and Shock Performance shall be verified by test and analysis. Tests shall be performed on the battery flight hardware to show that they meet the flight performance requirements after exposure to the vibration and shock environments defined in SLS Vibroacoustic and Shock Environments Databook.  An analysis shall be performed for those battery components which cannot be directly tested to show that they meet flight performance requirements after exposure to the vibration and shock environments. Verification shall be considered successful when it is shown that all battery components meet the flight performance requirements after exposure to the vibration and shock environments defined in SLS Vibroacoustic and Shock Environments Databook.

4.2.14.3 Induced Environments

The induced environments requirement shall be verified by test and analysis. Tests shall be performed on the battery flight hardware which exposes the battery to an induced electromagnetic environment defined in Induced Environment Design Specification (IEDS) to show that the battery still meets flight performance requirements before, during and after exposure to this environment. An analysis shall be performed for those battery components which cannot be directly tested within the induced electromagnetic environment to show compliance of these components. Verification shall be considered successful when it is shown that all battery components meet performance requirements before, during, and after exposure to the induced electromagnetic environment defined in SLS Induced Environment Design Specification (IEDS).

4.2.14.4 Structural Loads

Structural Loads shall be verified by analysis.  An analysis shall be performed to verify that the battery meets the structural loads defined in SLS Structural Dynamics Loads and Models Data Book.  Verification shall be considered successful when the analysis shows that the battery meets the structural loads defined in SLS Structural Dynamics Loads and Models Data Book.

4.2.15 Transportability

4.2.15.1 Packaging and Packing

Packaging and Packing shall be verified by inspection. The battery components, along with any packaging and packing materials, shall be inspected to ensure compliance with the requirements of NPR 6000.1. Verification shall be considered successful when it is shown that all battery components, along with the associated packaging and packing material, comply with the requirements of NPR 6000.1.

APPENDIx A 
Acronyms and Abbreviations
Acronyms and Abbreviations
AWG 

American Wire Gage 

CEI

Component End Item 

dB

decibel 

ESD

Electro Static Discharge 


EMC

Electro Magnetic Compatibility 

F

Fahrenheit 

FDIR 

Fault Detection, Isolation, and Recovery 
FU

Flight Units 

g

gravity 

GSE 

Ground Support Equipment 

HSIR 

Human-Systems Integration Requirements  

Hz

Hertz 

LRU 

Line Replaceable Unit 

NEDD 
Natural Environments Design Document 

OA

Organic Acid 

RMS 

Root Mean Square  

SRU 

Shop Replaceable Unit 

TBD

To Be Determined 

TBR 

To Be Reviewed 

MSFC 

Marshall Space Flight Center 

NASA 

National Aeronautics and Space Agency 

VDC 

Volts Direct Current 
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	3.0
	Standard Battery Requirements 
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	3.1
	Standard Battery Description 
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	3.2
	Standard Battery  Design and Construction Characteristics
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	3.2.1  
	Standard Battery Usage Characteristics 
	X
	
	
	
	

	3.2.1.1
	Criticality
	X
	
	
	
	

	3.2.1.2
	Existing Commercial and Military Equipment
	X
	
	
	
	

	3.2.2
	Electrical Design 
	X
	
	
	
	

	3.2.2.1
	Battery Power for Deployment
	
	
	X
	
	

	3.2.2.2
	Battery Duty Power
	
	X
	X
	
	

	3.2.2.3
	Battery Mission Time
	
	X
	X
	
	

	3.2.2.4
	Battery Trickle Charge
	
	X
	X
	
	

	3.2.2.5
	EEE Parts 
	
	X
	
	
	

	3.2.2.6
	Electromagnetic Environmental Effects 
	
	X
	X
	
	

	3.2.2.7
	Lightning Protection
	
	X
	
	
	

	3.2.2.8
	Bonding
	
	X
	X
	
	X

	3.2.2.9
	Electrical Grounding
	
	X
	
	
	X

	3.2.2.10
	Circuit Classification
	
	X
	
	
	

	3.2.2.11
	Electromagnetic Interference (EMI)
	
	
	X
	
	

	3.2.2.12
	Electrostatic Discharge Protection
	
	X
	
	
	

	3.2.2.13
	Ignition Source Avoidance
	
	X
	
	
	X

	3.2.3
	Structural and Mechanical
	X
	
	
	
	

	3.2.3.1
	Fracture Control
	
	X
	
	
	

	3.2.3.2
	Structural Design and Verification
	
	X
	
	
	

	3.2.3.3
	Explosion Containment
	
	X
	
	
	

	3.2.3.4
	Fasteners
	
	X
	
	
	

	3.2.3.5
	Battery  Mass
	
	
	X
	
	

	3.2.3.6
	Battery  Envelope
	
	
	X
	
	

	3.2.4
	Materials
	X
	
	
	
	

	3.2.4.1
	Flammability
	
	X
	
	
	

	3.2.4.2
	Incompatible Materials
	
	X
	
	
	

	3.2.4.3
	Surface Finish
	
	X
	
	
	X

	3.2.4.4
	Dimensioning and Tolerancing
	
	X
	
	
	

	3.2.5
	Product Marking 
	X
	
	
	
	

	3.2.5.1
	Part Marking 
	
	
	
	
	X

	3.2.5.2
	Marking Label Readability
	
	
	
	
	X

	3.2.5.3
	Units of Measure
	
	
	
	
	X

	3.2.6
	Workmanship 
	X
	
	
	
	

	3.2.6.1
	OTS Workmanship
	
	X
	
	
	

	3.2.6.2
	Staking and Conformal Coating of Printed Wiring Boards
	
	X
	
	
	X

	3.2.6.3
	Surface Mount Technology
	
	X
	
	
	X

	3.2.6.4
	Soldered Electrical Connections
	
	X
	
	
	X

	3.2.6.5
	Crimping, Interconnection Cables, Harness, and Wiring
	
	X
	
	
	X

	3.2.6.6
	Rigid Printed Wiring Board Products
	
	X
	
	
	

	3.2.6.7
	Printed Wiring Board Design
	
	X
	
	
	

	3.2.6.8
	Electrostatic Discharge (ESD) Control 
	
	X
	
	
	X

	3.2.7
	Interchangeability
	X
	
	
	
	

	3.2.8
	Software Safety
	X
	
	
	
	

	3.2.9
	Human Engineering
	X
	
	
	
	

	3.2.9.1
	Ground Crew Interfaces
	X
	
	
	
	

	3.2.10
	Communications
	X
	
	
	
	

	3.2.11
	Other
	X
	
	
	
	

	3.2.11.1
	Electromagnetic Effects, Induced Electromagnetic Environment
	
	X
	X
	
	

	3.2.11.2
	Environmental Qualification and Acceptance Testing
	
	X
	X
	
	

	3.2.11.3
	Cleanliness Requirements
	
	
	
	
	X

	3.2.11.4
	System SR&QA
	
	X
	
	
	

	3.2.11.5
	Temporary Installed Hardware Identification
	
	X
	
	
	X

	3.2.11.6
	Cross Connection Prevention
	
	X
	
	
	X

	3.2.11.7
	Holes for Captive Fasteners
	
	X
	
	
	X

	3.2.11.8
	Provide for Captive Fasteners
	
	X
	
	
	X

	3.2.11.9
	Battery Wire Connectors to Ground Trickle Power
	
	X
	
	
	X

	3.2.11.10
	Battery  to Ground Connector Pin-Out
	
	X
	
	
	X

	3.2.11.11
	Sequencer Wire Connectors to System Power Connector
	
	X
	
	
	X

	3.2.11.12
	Sequencer to Power Connector Pin-Out
	
	X
	
	
	X

	3.2.12
	Maintainability and Supportability
	X
	
	
	
	

	3.2.12.1
	Service Life
	
	X
	
	
	

	3.2.12.2
	Mean Time To Failure
	
	X
	
	
	

	3.2.13
	Natural Environmental Conditions
	X
	
	
	
	

	3.2.13.1
	Natural Environments
	
	X
	X
	
	

	3.2.14
	Induced Environmental Conditions
	X
	
	
	
	

	3.2.14.1
	Thermal Environments
	
	X
	X
	
	

	3.2.14.2
	Random Shock and Vibration
	
	X
	X
	
	

	3.2.14.3
	Induced Environments
	
	X
	X
	
	

	3.2.14.4
	Structural Loads
	
	X
	
	
	

	3.2.15
	Transportability
	X
	
	
	
	

	3.2.15.1
	Packaging and Packing
	
	
	
	
	X


Appendix c
TBD/TBR Resolution Plans Table 

TBD / TBR Resolution Plans Table

	Identity
	Name
	Type
	Resolution Plan
	Date



	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




























































































Mounting Surface Grid





5 x 1.75” (44.45)





0.50” (12.70)





0.85” (21.60)





6 x 2.100” (53.34)





42 x #10-32        0.38” min.





14.2” (360.68)
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