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1.0     scope

This end item specification establishes requirements for the small cell Battery assembly option for the Space Shuttle Orbiter Electric Auxiliary Power Unit (EAPU) System.  The Battery Assembly will be installed in the mid-body (i.e. payload bay) of the Space Shuttle Orbiter vehicle. The requirements are specified herein by defining capabilities in terms of its performance, external environment, internal / external interfaces, safety, weight / volume constraints, design / construction constraints, and quality factors.  This specification also defines the verification requirements.   An asterisk (*) appears next to the title of certain requirements. This denotes requirements which are applicable to engineering development hardware.  All requirements (those with and without an asterisk) apply to the flight hardware.

1.1
Electric Auxiliary Power Unit Description

The Space Shuttle Orbiter currently uses monopropellant hydrazine fuel Auxiliary Power Units (APU) to power hydraulic systems.  Each of three APUs provides rotational shaft power to drive a hydraulic pump which generates hydraulic power for hydraulic actuators, controls, and landing devices.  As part of continuous improved initiatives, these APUs have undergone numerous changes since program inception to reduce safety concerns and improve reliability.  Hazards associated with hydrazine and a high speed turbine provide incentive for an upgrade that provides improvement over the current hydrazine system.

An electric APU employing an electric hydraulic drive unit (EHDU) powered by a battery is the approach for replacing the hydrazine APU system.  This upgrade is being pursued by the NASA Johnson Space Center along with other government organizations and a number of contractors.   A schematic for this EAPU concept is provided below.
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EAPU Subsystem (1 of 3)

1.2     EAPU Operations Concept

Each EAPU battery provides high voltage electrical power to an EHDU.  The EHDU, in turn, provides hydraulic power that, through external hydraulic actuators, provides mechanical power for the flight control and auxiliary effector systems.  The flight-control effectors are:  six Space Shuttle Main Engine (SSME) thrust vector actuators for pitch and yaw axes of each SSME and seven aerosurfaces (two inboard and two outboard elevons, rudder, speed-brake, and body-flap).  The auxiliary effectors utilize the hydraulic power to operate the nose-wheel steering system, landing gear brakes, landing-gear up-locks, External Tank (ET) umbilical retractors, and SSME propellant valves.

The EAPU system interfaces include the Orbiter avionics system and hydraulic fluid system.  During ground processing, the EAPU system interfaces with unique Ground Support Equipment (GSE) that provides high voltage electrical power required to power the EAPU during ground operations and charge the batteries for flight.  In addition, GSE provides ground cooling necessary to thermally condition the EAPU components.

The following paragraphs provide an overview of the concept of operations for the EAPU subsystem, both during flight operations and ground processing.

Ground Processing

The battery will be installed during ground processing prior to each mission, unless the battery results in the capability for a second mission.  If a second mission is possible, the battery will remain on the vehicle between flights.  A majority of the planned system checkout and maintenance of the EAPU system will be performed in the OPF.  Prior to system checkout and maintenance, unique EAPU  GSE will be connected to the Orbiter.  The GSE will provide high voltage power necessary to power the EAPU during ground processing operations.  Because the batteries have a limited life and maximum number of charge and discharge cycles, it is necessary to run the EAPU using power supplied from a facility power source rather than the batteries themselves.  Thermal conditioning for the EAPU components will also be supplied by ground cooling.  Once the ground power and cooling GSE has been connected, planned system checkout and maintenance will begin.  During OPF turnaround processing, the following tasks will be performed: perform EAPU system checkout, perform battery charge/discharge checkout, provide hydraulic pressure for Orbiter testing and checkout, as required (may include aerosurface positioning, retracting and extending ET umbilical plates, opening and closing landing gear doors, repositioning SSMEs, flight control system frequency response test, and hydraulic system checkout and maintenance).  Battery will be charged for flight approximately 1 week prior to launch with launch occurring no later than 2 weeks after the final charge.

Launch Countdown

During the launch countdown, final EAPU system checkouts to verify battery charge level and battery cell status may be performed.  At T-5 minutes, the crew will start the EAPU system utilizing battery power.  Hydraulic power will be used to perform the SSME actuator checkout and position the three SSMEs prior to engine start-up, control various SSME propellant valves, and perform an Orbiter aerosurface checkout and position the aerosurfaces for ascent.
Multiple Launch Scrubs

The battery system shall be designed to handle up to 2 launch scrubs and still meet all mission requirements for the 3rd launch attempt. Each launch scrub and the 3rd attempt will consist of a full recharge followed with a maximum wait of 2 weeks (before the scrub or launch). If a scrub is declared that will require more than 2 weeks before launch is reattempted, the battery will be discharged within 48 hours to preserve its calendar life.
Ascent

During ascent, the EAPUs operate to provide hydraulic power necessary to move the various aerosurfaces and SSME thrust vector control actuators, operate the SSME propellant valves, and retract the (ET) umbilical plates using the ET umbilical retractors.  After SSME cutoff, the crew will shut down all three EAPUs.

24-Hour Scrub Turnaround

In the event of a launch scrub, recharging or topping off the EAPU batteries may be required.  The need to recharge the batteries will be dependent on the point at which the launch scrub was declared.  Recharging the batteries may not be required if the launch scrub was declared prior to the start of the EAPUs.  However, if the launch scrub occurred after the start of the EAPUs, then recharging the batteries to a 100% state-of-charge may be required.  The battery recharging tasks will be performed during the scrub turnaround window, which is a minimum of 24 hours in duration.
On-Orbit

While on-orbit, EAPU operation for hydraulic pressure is not required during on-Orbiter activities.  However, approximately 24 hours prior to landing, the crew will start two EAPU strings to provide hydraulic pressure for a checkout of the Orbiter flight control system and associated aerosurfaces (elevons, rudder/speed brake, and body flap).
Reentry/Landing

During the reentry/landing phase, the EAPU system provides hydraulic power necessary to move the various aerosurfaces and operate the nose wheel steering system, landing gear brakes, and landing gear struts and up-locks.  The crew will start the EAPU system prior to entry.  The EAPU will continue to run through reentry and landing until Orbiter wheel stop.  After wheel stop, the crew will shut down the EAPU system.  After crew egress, the EAPU system will be restarted to reposition the SSMEs.  Upon completion of SSME repositioning, the EAPU will be shut down.  .

Post Landing

After runway operations are completed, the Orbiter is rolled to the Orbiter Processing Facility (OPF) for ground turnaround processing.   The EAPU batteries will be discharged and removed.
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EAPU Mission Timeline

Battery Number of Cycles Summary

	
	Mission No.
	Ground Checkout Cycles
	Launch Scrub Cycles
	Mission Cycles

	
	1
	3
	2
	1

	
	2
	3
	1
	1

	
	3
	2
	2
	1

	
	4
	3
	1
	1

	
	5
	3
	1
	1

	
	6
	2
	1
	1

	
	Total Cycles
	16
	8
	6


Battery Life Timeline

	Mission
	Event
	Charge / Discharge Cycle #
	Time
	Temperature Environment

	---
	Vendor Assembly, Test, and Delivery
	
	TBD
	Vendor Controlled

	---
	Pre-Installation Storage
	
	Up to 5 years
	Per Vendor Recommendation

	1
	Pre-Installation Cycle Test
	1
	
	77 deg F

	1
	Installation, Ground Processing, and Checkout
	2, 3
	4 months
	77 deg F

	1
	Pre Flight Charge to Full Capacity
	4
	2 weeks before launch
	77 deg F

	1
	Launch Day
	4
	 1 day
	Per Mission Mix and Environment of Figures 2-4

	1
	Launch Scrub Requires Discharge
	4
	Day After Scrub
	77 deg F

	1
	Pre Flight Charge to Full Capacity
	5
	1 week before launch
	77 deg F

	1
	Launch Day
	5
	 1 day
	Per Mission Mix and Environment of Figures 2-4

	1
	Launch Scrub Requires Discharge
	5
	Day After Scrub
	77 deg F

	1
	Pre Flight Charge to Full Capacity
	6
	1 week before launch
	77 deg F

	1
	Launch Day
	6
	1 day
	Per Mission Mix and Environment of Figures 2-4

	1
	Ascent and Orbit
	6
	21 days
	Per Mission Mix and Environment of Figure 5, 6

	1
	Descent and Post Landing 
	6
	<1 day
	Per Mission Mix and Environment of Figure 7-9

	1
	Post Landing Discharge to Low State of Charge
	6
	1 mo after landing
	77 deg F

	2
	Ground Processing and Checkout
	7, 8, 9
	4 months   
	77 deg F

	2
	Pre Flight Charge to Full Capacity
	10
	2 weeks before launch
	77 deg F

	2
	Launch Day
	10
	 1 day
	Per Mission Mix and Environment of Figures 2-4

	2
	Launch Scrub Requires Discharge
	10
	Day After Scrub
	77 deg F

	2
	Pre Flight Charge to Full Capacity
	11
	1 week before launch
	77 deg F

	2
	Ascent and Orbit
	11
	21 days
	Per Mission Mix and Environment of Figure 5, 6

	2
	Descent and Post Landing 
	11
	1 day
	Per Mission Mix and Environment of Figure 7-9

	2
	Discharge to Low State of Charge
	11
	1 mo after landing
	77 deg F

	3
	Ground Processing and Checkout
	12, 13
	3 months   
	77 deg F

	3
	Pre Flight Charge to Full Capacity
	14
	2 weeks before launch
	77 deg F

	3
	Launch Day
	14
	 1 day
	Per Mission Mix and Environment of Figures 2-4

	3
	Launch Scrub Requires Discharge
	14
	Day After Scrub
	77 deg F

	3
	Pre Flight Charge to Full Capacity
	15
	1 week before launch
	77 deg F

	3
	Launch Day
	15
	 1 day
	Per Mission Mix and Environment of Figures 2-4

	3
	Launch Scrub Requires Discharge
	15
	Day After Scrub
	77 deg F


	Mission
	Event
	Charge / Discharge Cycle #
	Time
	Temperature Environment

	3
	Pre Flight Charge to Full Capacity
	16
	1 week before launch
	77 deg F

	3
	Launch Day
	16
	 1 day
	Per Mission Mix and Environment of Figures 2-4

	3
	Ascent and Orbit
	16
	15 days
	Per Mission Mix and Environment of Figure 5, 6

	3
	Descent and Post Landing 
	16
	1 day
	Per Mission Mix and Environment of Figure 7-9

	3
	Discharge to Low State of Charge
	16
	1 mo after landing
	77 deg F

	4
	Ground Processing and Checkout
	17, 18, 19
	4 months   
	77 deg F

	4
	Pre Flight Charge to Full Capacity
	20
	2 weeks before launch
	77 deg F

	4
	Launch Day
	20
	 1 day
	Per Mission Mix and Environment of Figures 2-4

	4
	Launch Scrub Requires Discharge
	20
	Day After Scrub
	77 deg F

	4
	Pre Flight Charge to Full Capacity
	21
	1 week before launch
	77 deg F

	4
	Ascent and Orbit
	21
	15 days
	Per Mission Mix and Environment of Figure 5, 6

	4
	Descent and Post Landing 
	21
	1 day
	Per Mission Mix and Environment of Figure 7-9

	4
	Discharge to Low State of Charge
	21
	1 mo after landing
	77 deg F

	5
	Ground Processing and Checkout
	22, 23, 24
	4 months   
	77 deg F

	5
	Pre Flight Charge to Full Capacity
	25
	2 weeks before launch
	77 deg F

	5
	Launch Day
	25
	 1 day
	Per Mission Mix and Environment of Figures 2-4

	5
	Launch Scrub Requires Discharge
	25
	Day After Scrub
	77 deg F

	5
	Pre Flight Charge to Full Capacity
	26
	1 week before launch
	77 deg F

	5
	Launch Day
	26
	 1 day
	Per Mission Mix and Environment of Figures 2-4

	5
	Ascent and Orbit
	26
	15 days
	Per Mission Mix and Environment of Figure 5, 6

	5
	Descent and Post Landing 
	26
	1 day
	Per Mission Mix and Environment of Figure 7-9

	5
	Discharge to Low State of Charge
	26
	1 mo after landing
	77 deg F

	6
	Ground Processing and Checkout
	27, 28,
	4 months   
	77 deg F

	6
	Pre Flight Charge to Full Capacity
	29
	2 weeks before launch
	77 deg F

	6
	Launch Day
	29
	 1 day
	Per Mission Mix and Environment of Figures 2-4

	6
	Launch Scrub Requires Discharge
	29
	Day After Scrub
	77 deg F

	6
	Pre Flight Charge to Full Capacity
	30
	1 week before launch
	77 deg F

	6
	Ascent and Orbit
	30
	15 days
	Per Mission Mix and Environment of Figure 5, 6

	6
	Descent and Post Landing 
	30
	1 day
	Per Mission Mix and Environment of Figure 7-9

	6
	Discharge to Low State of Charge
	30
	1 mo after landing
	77 deg F

	---
	Remove Battery from Vehicle 
	
	2 months after landing
	77 deg F


2.0   Applicable Documents

The following documents of the exact issue shown form a part of this specification to the extent specified herein. In the event of a conflict between the documents referenced herein and the contents of this specification, the contents of this specification shall take precedence.  If date or revision number is not identified, use latest version.
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	Indicator, Humidity, Plug, Color Change
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	Cosmic Ray Effects on Microelectronics
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	FED-STD-101

13 MAR 1980
	Test Procedures For Packaging Materials

	
	

	Federal Handbook H4-1
	Federal Supply Code for Manufacturers

	
	


Industry
	RTCA DO 160
	Environmental Conditions and Test Procedures for Airborne Equipment

	
	

	
	


3.0  Requirements

3.1    Item Definition

The Battery Assembly is one configuration item (CI) of the EAPU system.  Each Battery Assembly provides direct current (DC) electrical power to the high voltage power distribution and control CI which distributes power to the Electro-Hydraulic Drive Unit (EHDU) which drives the pumps to provide hydraulic fluid pressure for mechanical actuators.  Three (3) Battery Assemblies are required for each shuttle orbiter.    Each battery assembly is comprised of two half battery modules (HBM).  Each battery assembly or HBM includes cells, wiring, structure, heaters, control electronics, interface connections, and any other features necessary to meet the requirements of this specification.  External thermal insulation will be provided on each HBM for installation in the vehicle.
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3.2    Functional and Performance Requirements

3.2.1    Voltage Output*

The Battery Assembly shall provide output voltage of 230 - 360 VDC for the power levels and timeline defined in the design mission profile shown in Figure 1.

3.2.2    Power Output*
The Battery Assembly shall provide output power per the power profile specified in Figure 1 while operating in the specified voltage range in 3.2.1: This profile contains its highest power peak of 130 kW for 3 seconds occurring 93 minutes into the total 99 minute profile.  

3.2.3    Total Energy Output*

The Battery Assembly shall provide a minimum of 28 kWh of output energy while discharging for a minimum of 99 minutes under the power profile specified 3.2.2 while under worst case hot and cold conditions specified in 3.5.3.

3.2.4    Cell Chemistry and Size*

The Battery Assembly shall utilize a lithium ion cell that is commercially available, manufactured in an automated production line at production levels exceeding 10,000 per year, and of a size produced by at least one other manufacturer. 

3.2.5    Envelope*

Each battery assembly shall be comprised of 2 half-battery modules (HBM).  The volumetric envelope of each half-battery module shall not exceed 21.25” x 36.00” x 13.16”.  There are no keep out zones within this volume.  This volume includes cells, wiring, structure, heaters, control electronics, interface connections, and any other features necessary to meet the requirements of this specification.  Insulation will be added outside this for vehicle installation.  Location in the vehicle is depicted in Figure 15a –d.
3.2.6    Weight*

The weight of each HBM shall not exceed 450 lb.

3.2.7    Operating Life*

The Battery Assembly shall support 6 missions, after installation into the vehicle up to 5 months prior to the first mission.   The battery will be discharged within 1 month of landing and remain on the vehicle at 77 deg F for this timeframe.
3.2.8    Cycle Life*

The Battery Assembly shall be capable of successful performance for 6 missions including all conditions of test, checkout, pre-launch, and mission operations.   

3.2.9    Useful Life

The Battery Assembly shall be capable of meeting all requirements specified herein following a period of storage of up to 5 years from date of delivery when stored in thermal environments between 14 (-10 deg. C) and 30 degrees F (-1.1 deg. C). 

3.2.10    Non-operational State-of-Charge*

The supplier shall define and document the acceptable state of charge (SOC) during non-operating periods on the vehicle and in storage.

3.2.11    On-Orbit Duration*

The Battery Assembly shall meet all requirements for on-orbit mission duration of 21 days maximum.

3.2.12    Storage Life

The Battery Assembly shall be capable of meeting all requirements specified herein following a period of storage of up to 3 years from date of delivery when stored in thermal environments defined by the supplier.  Storage thermal environment is assumed to be between 14 (-10 (C) and 30 (F (-1.1. (C). 

3.2.13    Cell Rupture*

Battery cell vent pressure shall be less than its burst pressure divided by 2.5.

3.2.14    Electrolyte Leakage*

The Battery Assembly shall trap any leaking liquid electrolyte inside the battery assembly.

3.2.15    Venting*

The Battery Assembly shall not require external plumbing interfaces for venting gases overboard because the design shall have two credible failure tolerance to venting. Credible failures exclude internal shorts due to crushing and thermal runaway conditions due to external heating. 

3.2.16    Input Power* - Deleted
3.2.17    Health Monitoring*

The Half-Battery Module design shall provide analog outputs that will enable monitoring of voltage, current, and temperature.  These measurements are specified in section 3.3.

3.2.18    Heat Rejection*

The Half-Battery Module shall not require active cooling or conductive heat sinking and shall be capable of  discharge under mission worst case electrical and thermal conditions specified herein.

3.2.19    Connector Dead-Facing and Interlocks*

The Half-Battery Module, or any deliverable submodule assembly of greater than 42 volts, shall preclude mating/demating of any connectors/contacts while energized with greater than 42 volts.  This dead-facing protection feature shall be accomplished mechanically rather than with an electrically energized contactor.  If terminal posts for the high power connections are used, the terminal post cover(s) shall be designed to only be removed when the dead-facing protection feature is open. 
3.2.20    Fault Tolerance*

The battery assembly shall meet functional and performance requirements after one failure and be fail safe after a second failure.

3.2.21   Reliability
Battery Assembly reliability for successful mission completion shall be no less than 0.99995 (at the mean). 

3.2.22    Safety*

EAPU Battery shall comply with the battery safety requirements of JSC 20793 and comply with the NSTS 07700, which requires the design to be 2 failure tolerant to a catastrophic hazard and 1 failure tolerance to a critical hazard

3.3    Interface Requirements

3.3.1    Electrical Connectors

The external electrical connectors shall be selected from the Orbiter Project Parts Requirements (OPPR) in accordance with MF0004-400.. Separating the charge and discharge connector is allowed on the HBM.  Also allowed are terminal posts for the high power connections as long as they are isolated from the HBM and are not exposed. Power circuits greater than 10 amps shall utilize dedicated return lines in accordance with MF0004-002B.  

3.3.2    Orbiter Power Interface*

The Battery Assembly shall be designed to receive 28 ( 4 VDC power from the Orbiter.  The design shall be in accordance with MF0004-002B for 28-volt dc main power under normal, abnormal, and emergency conditions for orbital missions.  Power consumption from this source shall be 150 watts maximum at 28 VDC for each battery assembly and shall consume less than 25 kw-hr of electric energy for a mission profile.

3.3.3    Input Power Transients

Normal, abnormal, or emergency switching power transients within the limits defined in MF0004-002B shall not cause damage or spurious behavior.

3.3.4    Ground Support Equipment (GSE) Check-out  Interface*

The Half Battery Modules shall have interfaces necessary to enable the GSE to assess that all strings of the HBM are connected and healthy. This assessment must be done after HBM acceptance testing prior to installation into the Shuttle.  .  

3.3.5    Mechanical Interface

The Half-Battery Modules shall be modular and designed as a Line Replacement Unit (see definition in Section 4.0) for ease of installation/removal.   Mounting to the vehicle shall be accomplished through four attachment points for each HBM.  These four points are in a single plane each at one corner of the rectangular bottom (36 x 21.25 in) of the envelope.  

3.3.6  Input/Output Signals

Each half battery module shall provide and accept input/output signals listed in the table below.  All signals shall be isolated from each other and from the main power output.   Accuracy for all measurements shall be +/- 2% for the purposes of preliminary design.  A sensor-by-sensor allocation will be developed for final design requirement.

HBM Input / Output Signals

	Signal
	Interfaces With
	Range
	Type
	Use

	Output Power (+)
	EAPU PD&C
	0 to 125 kw
	Analog
	EHDU Power

	Output Power (-)
	EAPU PD&C
	0 to 125 kw
	Analog
	EHDU Power Return

	Chassis Ground
	Orbiter Structure
	TBD
	Analog
	Chassis Ground

	Heater Power A
	Orbiter Via Battery Measurement Unit (BMU)
	0 to 32 VDC
	Analog
	On / Off Heater Control

	Heater Power B
	Orbiter Via BMU
	0 to 32 VDC
	Analog
	On / Off Heater Control

	Heater Return A
	Orbiter Via BMU
	0 to 32 VDC
	Analog
	On / Off Heater Control

	Heater Return B
	Orbiter Via BMU
	0 to 32 VDC
	Analog
	On / Off Heater Control

	Heater Temp A1
	BMU
	-60 to 200 deg F
	TBD
	Heater Control

	Heater Temp A2
	BMU
	-60 to 200 deg F
	TBD
	Heater Control (backup)

	Heater Temp B1
	BMU
	-60 to 200 deg F
	TBD
	Heater Control

	Heater Temp B2
	BMU
	-60 to 200 deg F
	TBD
	Heater Control (backup)

	HBM Temperature A1
	Orbiter
	-60 to 200 deg F
	TBD
	Downlink to Ground and Battery Gauging Calculation

	HBM Temperature B1
	Orbiter
	-60 to 200 deg F
	TBD
	Downlink to Ground and Battery Gauging Calculation

	HBM Temperature C1
	Orbiter
	-60 to 200 deg F
	TBD
	Downlink to Ground and Battery Gauging Calculation

	HBM Temperature D1
	Orbiter
	-60 to 200 deg F
	TBD
	Downlink to Ground and Battery Gauging Calculation

	HBM Temperature A2
	Spare
	-60 to 200 deg F
	TBD
	Spare

	HBM Temperature B2
	Spare
	-60 to 200 deg F
	TBD
	Spare

	HBM Temperature C2
	Spare
	-60 to 200 deg F
	TBD
	Spare

	HBM Temperature D2
	Spare
	-60 to 200 deg F
	TBD
	Spare

	String Center Tap Voltage (1 for each string)
	Ground Support Equipment
	0 to 200 VDC
	TBD
	Ground Operations to Determine Battery Health

	String Temperature (qty is TBD; will be determined in thermal analysis)
	Ground Support Equipment
	0 to 200 deg F
	TBD
	Ground Operations to Determine Battery Health


3.4    General Design Requirements

3.4.1    Bonding*

Electrical bonding shall be in accordance with NSTS 37330 (previously MIL-B-5087), Bonding, Electrical, and Lightning Protection for Aerospace Systems, and shall comply with MIL-STD-464, Electromagnetic Environmental Effects, Requirements for Systems. Basically, each external connector shall have a static ground pin whose resistance relative to each structural component of the Half-Battery Module is < 0.1 ohm.

3.4.2    Grounding*

The Half-Battery Module shall incorporate means for grounding during all phases to including storage, transportation, installation, and removal. Battery hardware using or interfacing with Orbiter provided 28 electrical power shall comply with MF0004-002, paragraph 3.4.10 grounding requirements.

3.4.3    Insulation Resistance*

The values of insulation resistance in the Battery Assembly shall be greater than or equal to those values listed for comparable equipment in MF0004-002B. Basically, each connector pin shall have a resistance > 1 Mohm relative to each static ground pin and each structural component of the Half-Battery Module.

3.4.4    Materials and Processes  

Materials and processes for the Battery Assembly shall be in accordance with NSTS07700, Vol. X, Book 1, Section 3.6.2 and SE-R-0006. 

3.4.5    Parts Standardization  
For the purposes of this paragraph, 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. 

3.4.5.1  Parts Control Plan

Battery supplier shall develop and implement a Parts Control Plan that meets the requirements of the Electrical, Electronic, and Electromechanical Orbiter Project Parts Requirements (OPPR) document, MF0004-400, Rev F.   Customer Electrical, Electronic and Electromechanical (EEE) and Mechanical Parts Control Panels will approve and oversee the administration of EAPU parts control plans and monitor parts selections, procurements, fabrications, and tests.   The Parts Control Plan shall specifically address  parts obsolescence, with special treatment of unique and nonstandard high technology parts (i.e., hybrids, ASICs and microprocessor-based parts including Commercial Off-The-Shelf (COTS), Military Off-The-Shelf (MOTS) and Plastic Encapsulated Microcircuits (PEMs).

3.4.5.2
Parts Selection

Battery EEE parts selection shall be in accordance with the Electrical, Electronic, and Electromechanical Orbiter Project Parts Requirements (OPPR) document, MF0004-400, Rev F. Standard parts are EEE parts that meet all OPPR requirements.  All standard parts shall be manufactured on a military, QS9000, or ISO 9000 certified line

Parts not meeting all of the OPPR requirements are considered Non Standard.  All non standard parts shall be processed in accordance with OPPR appendix D, NOPAR.  The Battery supplier shall submit and obtain approval for all non standard parts from the EEE Parts Control Panel prior to procurement.

3.4.5.3
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 or could cause a scrub/abort of a launch.  The battery supplier will perform piece part level failure analysis on every failure to gain a full understanding of the failure mechanisms.  This will continue until adequate confidence is achieved in the overall EAPU System design.   This is in accordance with “Memorandum of Understanding (MOU)” – MV-98-098 entitled “Contract NAS 9-20000, Criteria for the Performance of Test, Teardown, and Evaluation (TT&E)/Failure Analysis (F/A),”  under Condition 2--Hardware Requirements

3.4.5.4
Destructive Physical Analysis

The battery supplier shall meet the full requirements of MF0004-400, Rev. F (OPPR--Orbiter Project Parts Requirements) document for destructive physical analysis (DPA).   In accordance to Appendix K--Requirements for Destructive Physical Analysis (DPA), Paragraph 1.0--This document defines and standardizes the technical requirements for destructive physical analysis of EEE parts.  A sample from each first production lot date code or first procured lot date code 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).

3.4.5.5
Derating

Battery EEE part electrical and thermal derating shall be in accordance with  Appendix B - Derating of EEE parts of MF0004-400.   Wiring derating shall be compliant with NASA TM 102179.
3.4.5.6
Radiation

Battery assembly shall comply with radiation requirements of NSTS 07700, Volume X, Book 2, Section 8.2.   
[a] Radiation Capability:  

The capability to meet battery requirements in the radiation environment shall be established by failure rate estimations at the piece-part, assembly and/or sub-assembly level.  These failure rate estimations shall be based on actual test data although the use of part similarity data shall be allowed.

[b]  Radiation Testing and Test Data:

Radiation testing may be conducted at the part, board, sub-assembly and/or system level.  Proper test data obtained from other tests may be used where appropriate.  The minimum radiation testing level required to establish performance and operability levels shall be by exposure of the test article to:

1. 200 MeV (+/- 10 MeV) protons to a fluence of 1 x 1010 protons/cm2, or

In the former case, the Bendel A data reduction technique is sufficient for estimating the proton cross section curve.  In the later case, the cross section curves must be establish from threshold to an LET of 14 MeV/mg/cm2 .  Radiation induced failure modes not seen during this testing can be expected to have Mean Time Between Failure (MTBF) intervals of ten years or greater.

[c] Use of Part Similarity Data in Estimating Radiation Susceptibility

The usage of similarity to establish radiation susceptibility shall be documented in the certification plan.  When similarity is used to establish the radiation susceptibility of an EEE part by comparison to a similar EEE part that has known radiation characteristics, all elements of the following criteria shall be satisfied.

1. Both EEE parts must be the product of the same approved QPL, QML, and/or ISO 9000 manufacturer.

2. Both parts must have been manufactured on the same line.

3. The processing of both parts must have been identical, especially the critical parameters of rate of oxide growth, temperature of the oxide growing process and final oxide thickness.

4. The two parts must be similar in function and identical in technology including the same mask design, identical feature size, deposition and doping

5. The same foundry, off shore or on shore, must have produced both wafers.

Allowable technologies for radiation similarity consideration are DMOS, CMOS, VMOS, diffused junction, and alloy junction.

3.4.6    Ultimate Factors of Safety*

The ultimate factors of safety specified below are minimums and shall be used in addition to casting factors, heating factors, etc. for structural components. 

General Structure
1.4

Pressure Vessels
1.5

Lines / Fittings
4.0 (diameter <1.5 in)

Lines / Fittings
1.5 (diameter >1.5 in)

3.4.7    Fracture Control

Fracture critical parts shall be identified per SD73-SH-0082B.  Parts determined to be fracture critical shall be controlled in design, fabrication, test, inspection, and operation as specified in SD73-SH-0082B. 
3.4.8    Positive Locking*
Safety critical applications of threaded parts and fasteners shall be positively locked to prevent loosening during service. Each bolt, screw, nut, pin, or other fastener used in a safety critical application shall incorporate two separate verifiable locking features. Preload may be used as one of the features combined with a conventional aerospace secondary locking feature that is positive locking and vibration rated. Joints that are subject to rotation in operation shall use at least one non-friction locking device. Other retention methods, including non-positive and non-verifiable locking techniques such as liquid locking compounds, shall not be used in safety critical applications without prior approval from NASA.

3.4.9    Bench Verification*

The Half-Battery Modules shall be designed to allow bench verification, at any angular orientation, of the interfaces and internal functions using suitable support equipment.

3.4.10    Design for Safety*

The design, construction, and operation shall comply with the safety requirements of NSTS 07700 Vol. X, Book 1, Section 3.5.4, JSC-20793, NSTS 8080-1, and JPL 86-14.  The physical form or shape, as designed and built, shall preclude sharp points, corners, edges, etc., which present a hazard to operations personnel, or to their personal clothing or equipment, in accordance with NASA-STD-3000.   

3.4.11    Fatigue

The Battery Assembly structure shall be capable of surviving without failure a total number of cycles that is four times greater than the total number of mission cycles expected in service (shown by analysis).  This does not preclude fail-safe structural features.
3.4.12    Creep
The Battery Assembly design shall preclude cumulative creep strain leading to rupture detrimental deformation, or creep buckling or compression members during their service life.  Analysis shall be supplemented by test to verify the creep characteristics for the critical combination loads and temperatures.
3.4.13    Critical Welds and Resistive Spot Welds*
Critical weld safety shall comply with NSTS 07700, Volume X Book 1, Section 3.6.2.1 and MC999-0096 and resistive spot welds shall comply with PRC-0009C

3.4.14    CG and Moments of Inertia*

The center of gravity (CG) of the Battery Assembly shall be determined and documented in three axes from a defined datum, and the moments of inertia shall be calculated about this CG.

3.4.15    Contamination Control*

Cleanliness and contamination control shall be in accordance with the requirements of SN-C-0005.

3.4.16    Interchangeability and Replaceability*

The Battery Assembly shall comply with the interchangeability and replaceability requirements of NSTS 07700, Vol. X, Book 1, Section 3.6.6.  Violation of this requirement can be accepted, where sufficient rationale can be provided by the contractor.

3.4.17    Identification and Marking 

3.4.17.1   Identification of Parts  

Each part fabricated shall be identified with a part number.  The same specification or part number shall be used to identify all like materials, processes, and parts.  Seller shall assign a new part number to the part when Buyer authorized changes make the superseded part not interchangeable with respect to interface, reliability, safety, logistics, traceability, or performance.  For traceable items the part identification shall additionally include the manufacturer’s identification code in accordance with Federal Handbook H 4-1, and be lot numbered or serial numbered when required.

3.4.17.2   Identification of Test Specimens  

Test specimens shall be permanently and obviously identified prior to testing in addition to the identification required by the Drawing/Specification to preclude their use on production items.  The letters shall be indelible and provide a distinctive and vivid contrast with the color of the specimen.  The lettering size and identification location shall be clearly visible to casual observation.  Materials used for the identification shall be compatible with the test specimen and its operating environment.  When the size or configuration of the test specimen is such the identification cannot appear on the specimen, other suitable means such as attached metal tags shall be used.

3.4.17.3   End Item Marking  

Marking shall be in accordance with MIL-STD-130 and shall include (as applicable) item name; buyer’s control number; Federal Stock Number/North Atlantic Treaty Organization (FSN/NATO); manufacturer; date of manufacture, manufacturer’s serial number, part number, lot number, cell lot number, cell manufacture date, and code identification number.  Abbreviations, in accordance with MIL-STD-12, may be used.

3.4.17.4   Hazard Marking Labels

A hazard-warning label shall be provided on instruction plates and service placards in accordance with MF0004-25.

3.4.17.5   Interface Identification

All interface fluid, gaseous, mechanical, and electrical connections shall be identified in a manner to provide ease of viewing with and without GSE installed, and in any orientation.

3.4.18    Traceability  

Traceability shall be provided by assigning traceability identification to end items or major components.  Each component, part, and subassembly comprising or contained within the end item or major component shall be classified and processed as exempt or traceable, in accordance with the criteria contained herein.

3.4.18.1   Traceability Classification  

Each component, subassembly, and part within the end item shall be evaluated and receive a traceability classification.  Seller and subordinate supplier engineering documentation (e.g., drawings and specifications) shall specify the traceability classification for each part, component, and subassembly as classified by the seller.

3.4.18.2   Serial Traceability  

Sub-tier items comprising or contained within the end item which satisfy any of the following criteria shall be traceable by serialization:

a. The item is contained in the Critical Items List (CIL).

b. The item has a limited useful life.

c. The item is to be subjected to acceptance induced environmental test (thermal and/or vibration).

d. The item requires progressive comparative measurements of performance (i.e., transducer curves).

e. The item is subject to fracture control.

f. The item contains traceable subordinate units, assemblies or parts.

3.4.18.3   Lot Traceability 

Sub-tier items that satisfy the following criteria shall be lot traceable:

a. All functional electrical, electronic, and electromechanical (EEE) parts in accordance with MF0004-400.

b. Parts with materials identified by the seller as critical.

c. Parts identified by the seller as controlled by unique manufacturing process(es).

d. A cell lot shall be defined as a set of cells of identical part number manufactured from the same vendor production line within the same day.

3.4.18.4   Member Traceability 

Member traceability shall be used on all items requiring both serial and lot traceability so that they can be handled as members of a lot and also controlled as individual items.  Items to be controlled by member traceability shall be so classified through evaluation of manufacturing and quality processes (normally applicable to ordinance/pyrotechnic items only).

3.4.18.5   Traceability Identification  

Each item identified as traceable (TS , TL or TM ) shall have a traceability identifier consisting of the manufacturer’s code identification number as listed in DoD Handbook H 4-1 and a serial, lot or member number as illustrated below.  The serial, lot or member number shall be assigned by the manufacturer and shall not exceed a total of ten characters (alphas, numerics, dashes, etc.).  Serial numbers for components within each HBM not identified as traceable can exceed the 10 character limit.  




3.4.19 Workmanship Standards

Workmanship for the following processes will be controlled to the stated standards, or equivalent.

NASA-STD-8739.1 / NHB 5300.4(3J-1) - Staking and conformal coating

NASA-STD-8739.2 / NHB 5300.4(3M) - Workmanship for Surface Mount Technology 

NASA-STD-8739.3 / NHB 5300.4(3A-2) - Soldered Electrical Connections

NASA-STD-8739.4 / NHB 5300.4(3G-1) - Crimping, interconnecting cables..

NASA-STD-8739.5
- Fiber Optic Terminations

NASA-STD-8739.7 / NHB 5300.4(3L) - Electrostatic Discharge Control

PRC-0009C, Specification for Resistive Spot Welding of Batteries
3.5    Environmental Requirements

3.5.1    Pressure*

The Battery Assembly shall meet performance requirements at pressure extremes from 15.23 psia to 1 x 10-10 Torr.  Helium, nitrogen, or air constitutes the background gas providing pressurizing the environment.  
3.5.2    Pressurization/Depressurization*

The Battery Assembly shall meet performance requirements at a pressurization rate of 0.2 psi/sec max., and a depressurization rate of 0.35 psi/sec max.

3.5.3    Thermal*

The Battery Assembly shall meet performance requirements when subjected to a 77 deg F thermal environment while on the vehicle between missions and an environment defined in Thermal Environment Figures below during the mission.  These profiles show a range of possible environments from cold cases to hot cases.  Mission mix is defined in the table below.  Maximum thermal conductivity of the mechanical interface of each HBM to the Shuttle should be assumed a 0.75 BTU/hr-°F.

“Mission Mix” Environments
	Case
	Mission Quantity
	Description
	Duration 
	Pre-Launch
	Orbit
	Entry
	EAPU Heat Generation

	1
	1
	Worst Case Hot
	15 day
	Hot Day, 100 F Purge

(Figures 2-4)
	Top Sun, Pitch Down 45

(Figure 6)
	Design Hot Case

(Figure 7)
	2 EAPU at 99 minutes & 28 kw-hr

	2
	1
	Beta 66 Medium Hot
	15 day
	Hot Day, 80 F Purge

(Figures 2-4)
	Beta 66°
(Figure 5)
	Max Flight Data

 (Figure 8)
	3 EAPU at 76 minutes & 18 kw-hr

	3
	1
	Beta 66 Average Hot
	15 day
	80 F Initial Battery Temp
	Beta 66°
(Figure 5)
	Average Case 

(Figure 9)
	3 EAPU at 76 minutes & 18 kw-hr

	4
	1
	Beta 60 Hot Day
	15 day
	Hot Day, 80 F Purge

(Figures 2-4)
	Beta 60°
(Figure 5)
	Average Case

(Figure 9)
	3 EAPU at 76 minutes & 18 kw-hr

	5
	1
	Beta 60 Constant Environment
	15 day
	70 F Initial Battery Temp
	Beta 60°
(Figure 5)
	Average Case

(Figure 9)
	3 EAPU at 76 minutes & 18 kw-hr

	
	
	
	
	
	
	
	

	6
	NA
	Worst Case Cold

(heater design case)
	15 Day
	60 F Initial Battery Temp
	Nose-Sun

(Figure 5)
	Average Case

(Figure 9)
	2 EAPU at 99 minutes & 28 kw-hr


Note:  Last mission will be Case 1 or Case 6.  Sequence for the above missions is not defined here.  Contractor sizing should be based on the worst case combination of these (i.e. with this mix of missions, which mission is the most difficult to perform on the 6th mission).  
3.5.4    Vibration*

The Battery Assembly shall meet performance requirements when subjected to Orbiter vibration environments described below.  
	Half Battery Module Vibration Requirements
	Random Vibration Spectrum and Duration
	Comments

	Flight Vibration Levels for Qualification Testing
	20 - 40 hz   
+3.01 db/octave 

40 - 600 hz 
Constant at .03 G2 / Hz

600 – 2000 hz
-6.20 db/octave

Overall   =  5.43 grms

Duration = 24 seconds per mission for each axis


	

	Vibration Levels for Acceptance Testing
	20 - 40 hz   
+3.01 db/octave 

40 - 600 hz 
Constant at .02 G2 / Hz

600 – 2000 hz
-6.20 db/octave

Overall   =  4.43 grms

Duration = 24 seconds for each axis
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3.5.5    Humidity

The Battery Assembly shall be capable of meeting all mission requirements after exposure to relative humidity from 0 to 100%.   

3.5.6    Sand and Dust

The Battery Assembly shall be compatible with a sand and dust environment equivalent to 140-mesh silica flour with particle velocity of 500 feet per minute and a particle density of 0.25 grams per cubic foot. 

3.5.7    Salt Fog

The Battery Assembly shall be compatible with the salt atmosphere encountered in coastal areas, the effect of which is simulated by exposure to a 1% by weight salt (NaCl) solution for 30 days.  

3.5.8    Acceleration*  - Deleted
3.5.9    Fundamental Frequency*

The minimum fundamental frequency of the Battery Assembly shall be > 25 Hz 
3.5.10    Static Load*

The Battery Assembly shall meet performance requirements when subjected to the following static load conditions:

Regime        X-Load factor   Y-Load factor     Z-Load factor 

Lift-off        +4.5 / -7.5 g
  +6 / -6 g
     + 6 / -6 g

Landing       +1.9 / -1.9 g   
  +1.5 / -1.5 g          +4.6 / -2.6 g

3.5.11    Ozone

The Battery Assembly shall be compatible with ozone levels up to 100 parts per hundred million (phm).

3.5.12    Fungus

The Battery Assembly shall meet fungus requirements as specified in MC999-0096 and as specified in MF0004-014D, paragraph 3.1.1.c.

3.5.13    Orientation and Zero-G*

The Battery Assembly shall provide full performance capability in all orientations and under the “zero-g” environment of orbital flight.

3.5.14    High Voltage Discharge / Corona*

The Battery Assembly shall be designed to withstand the effects of high voltage corona discharge will still meeting all mission requirements herein. The supplier shall develop a corona mitigation plan following the guidelines in JSC-29129 and implement it in the battery design and assembly. 

3.5.15    Micrometeoroid and Orbital Debris 

The Battery Assembly shall be designed to meet performance requirements when exposed to impacts by meteoroids and space debris as defined in NASA TM 4527 and NASA TM 104825.

Note: Applicability of this requirement is highly dependent on location of Battery Assembly components.  Verification of this requirement is the responsibility of the vehicle integrator and not the battery supplier.

3.5.16    Nuclear Radiation

The Battery Assembly shall meet the nuclear radiation requirements specified in MF0004-014D Section 3.1.2c and NSTS 07700 Vol. X, Book 2, Appendix10.10, Sections 8.0 and 8.2.

3.5.17    Cosmic Radiation   - Deleted

3.5.17.1   Total Ionizing Dose   - Deleted

3.5.17.2    Latch Ups   - Deleted

3.5.17.3    Integral linear Energy Transfer (silicon) Spectra  - Deleted
3.5.17.4    Differential Energy Spectrum  - Deleted

3.5.18    External Radio Frequency (RF)    
The Battery Assembly performance shall not be affected by the RF environment as described in NSTS 07700, Vol. X, Book 2, Appendix 10.10, Section 13.

3.5.19    Explosive Atmosphere

The Battery Assembly shall be capable of operation within an explosive/flammable atmosphere without causing ignition of that atmosphere. The Battery Assembly shall not cause an explosion when exposed to leakage or spillage of any one of the following fluids: Freon 21, H2O, He, Hydraulic Fluid (83282), GH2, GO2, LH2, LO2, MMH, N2H4, NH3, lube oil, or N2O4.

3.5.20 Shock*

The Battery Assembly shall be capable of meeting all performance requirements after exposure to the Functional Shock and Bench Handling environments identified in MIL-STD-810F. Furthermore, the Half-Battery Module shall withstand the functional shock while under 9 kW load without output voltage fluctuations in excess of ( 0.200V.
3.5.21    Electromagnetic Compatibility  

The battery assembly shall be designed, tested, and operate in accordance with SL-E-0001 and SL-E-0002.
3.5.22    Lightning 

The Battery Assembly shall comply with lightning requirements per NSTS 07636G.

3.5.23 Heaters*

The HBM shall include heaters, temperature measurements, and control signal path required for the HBM to meet mission requirements during worst case cold mission scenario.  On/Off control signals for the heaters based on temperature shall be provided by the Shuttle Orbiter.

3.6    Packing and Transportation Requirements

The requirements specified govern the preparation for shipment of EAPU Battery Assembly to all contractor and Government facilities or test sites.  The methods of packaging together with necessary special control during transportation must adequately protect the deliverable hardware from damage or degradation in reliability or performance, which would be incurred from natural and induced environments encountered during transportation and subsequent storage.  The methods of preservation, packaging, and packing utilized for storage and shipment together with necessary special control during transportation must not expose the hardware to any environmental conditions more severe than that for which it is certified.  The requirements contained herein for the design of GSE used for shipment apply to the extent that the requirements are incorporated in applicable GSE requirement documentation.

3.6.1    Transportability

Packaging, handling, and transportation shall be in accordance with applicable requirements and guidelines of NHB 6000.lD as amended by the following sub-paragraphs.

3.6.2    Preservation and Packaging  

Preservation and packaging shall be in accordance with the requirements of Level A of MIL-STD-2073-1C.

3.6.3    Packing  

Packing shall be in accordance with the requirements of Level B of MIL-STD-2073-1C.

3.6.4    Design Requirements  

Packaging and protective procedures shall be designed to withstand and protect against the environments and rough handling requirements specified below without damage or degradation to the useful life, performance or reliability of the contained item.  Parts that are sensitive to specific environmental parameters, i.e., temperature, pressure, etc., shall be protected by special design packaging or by methods of controlling the environments to which they will be exposed.

3.6.5    Monitoring Devices  

MIL-I-26860 humidity indicators shall be installed in the container wall, or flexible barrier wall, of all Method II (desiccation) packages. In addition, shock and temperature indicators shall be installed to report if the Half-Battery Modules have been exposed to excessive shock and/or temperature.

3.6.6    Temporarily Installed Hardware Identification  

All temporarily installed devices such as caps, plugs, covers, support bracketry, protective plates, etc., shall be highly visible red in color or shall have attached highly visible red colored streamers to ensure they are easily identified under casual observation.  Reusable protective devices shall be labeled “REUSABLE ITEM, DO NOT DESTROY, RETAIN FOR REUSE.”

3.6.7    Marking for Shipment  

Interior and exterior containers shall be marked and labeled in accordance with MIL-STD-129, except that levels of appropriate size lettering may be used in lieu of stenciling for all markings, including precautionary markings necessary to ensure safety or personnel and facilities and to ensure safe handling, transport, and storage.  

3.6.8    Safety Requirement   

Shipment of Hazardous/Regulated Materials shall adhere to the International (ICAO and/or IATA) and/or Federal (Code of Federal Regulations- Title 49) regulations. 

3.7  Ground Support Equipment (GSE)

3.7.1  Design

Battery GSE shall be provided for the functions and with the features described below, as a minimum.  GSE design, safety, and use shall be in accordance with SW-E-002 and KHB 1700.7.  

3.7.2 Safety Interlocks*

The GSE shall be designed with electrical interlocks to preclude exposing high voltage contacts to personnel.

3.7.3 Check-out Box*

The GSE shall be capable of performing the following;

1) A full functional checkout of each Half Battery Module (HBM) to a load profile described in Figure 1. This shall be performed with the HBM connected to an electronic load, which is not a part of the GSE. While the HBM is connected this electronic load, the GSE will measure HBM battery, current, and temperature to enable a capacity calculation and health assessment. 
2) A quick functional check-out by enabling an internal resistance measurement of the HBM by its load box. 
3) A determination that each HBM string is healthy and connected.
4) A determination that each HBM electrical interface is working nominally.


3.7.4 Internal Resistance 

The load box shall enable determination of the DC internal resistance of the HBM (or of two HBM in series) The loads shall be TBD ± 5% and TBD*10 ± 5% ohms in resistance and sized to safely operate continuously.  Internal resistance shall be determined by measuring the voltage response to switching between these two loads.





3.7.5 Handling and Transport

The battery shall provide attachment point(s) on the HBM to allow "handling and transport" of the HBM by lifting it with a mechanical/electrical lift. These attachment point(s) shall be removable after installation of the HBM in the vehicle. The Contractor shall not be required to provide the lift.

3.7.6 Charger* 

The GSE shall include a battery charger with the following characteristics:

3.7.6.1 Charge Time*

Charger shall be capable of fully recharging a HBM from a 0% state-of-charge (SOC) within 16 hours while using no more that 5 kW maximum average power. It shall also be capable of fully recharging a HBM from 80% SOC within 4 hours.

3.7.6.2 Input/Output Power*

The charger shall use 120Vac or 220Vac for input power. The GSE charger shall provide all the 28V power that the HBM requires to perform the check-outs. 

3.7.6.3 Interface Connectors* 

The charger shall have interface connectors to allow external instrumentation (digital multimeters, oscilloscopes, etc) to monitor HBM voltage, and current, as well as 28V current and voltage supplied to the HBM. These connectors may be implemented as follows: 

a) Battery voltage: This shall connect across the 270V battery connection so that it shows the battery voltage directly and must be compatible with the dead-facing requirement of 3.7.2.

b) Battery current: This may connect directly across a current shunt in the GSE or in the cable between the electronic load and the HBM.



3.7.6.4 Status and Data

At minimum, the charger shall provide one clearly visible indicator to indicate that the GSE is energized with high voltage. The charger shall be capable of real time status indication (not connected, charging, ready, too hot, or too cold). The charger shall also be capable of recording the HBM voltage, current and temperature at profiles during charge and discharge.

3.7.6.5 Start/Stop*

The charger shall have a switch or push button to allow the user to start or stop the charge cycle.

3.7.7 Charger to HBM Connection

A cable of at least 100 ft long to shall connect the GSE charger to the HBM for charging HBMs after installation into the vehicle. It shall also allow direct connection to the HBM to allow bench charging. 

3.7.8 GSE Set Definition

One (1) GSE set equals 1 item 3.7.3, 3.7.5, 3.7.6 and 3.7.7 . Note that the GSE charge and GSE load functions can be contained in a single housing or assembly.

4.0
QUALITY ASSURANCE PROVISIONS

4.1    Quality General

EAPU shall comply with the applicable quality factor requirements of NSTS 07700 Vol. X, Book 1, Section 3.7.

4.2     Configuration Management

EAPU Configuration Management System shall be developed in accordance with the Space Shuttle Vehicle Engineering Office Configuration Management Plan, JSC 09082, and NSTS 07700, Vol. IV, Book 1.

4.3    General Verification Guidelines and Criteria  

The seller shall use the following general requirements in developing a verification program.

a. Each requirement specified in Section 3 of this document shall be verified by test, analysis, inspection, or similarity. 

b. Verification of maintainability, accessibility, and ease of operation shall be demonstrated.

c. As a general guideline, off-limit testing will not be conducted.  However, off-limit testing will be considered:

· When design margins are relatively small with respect to off-nominal abort conditions.

·  When uncertainty exists in the definition of the design criteria.

· When single point failure modes exist. 

· When failures will create an off-limit condition.

· Testing of this nature must have prior approval of the buyer and must have considered preservation of at least one specimen of certification hardware for later testing.

d. Certification shall be structured to verify the full range of the design requirements under specified environments.

e. Wherever practical and technically sound, accelerated life test techniques shall be utilized.

f. Testing shall be conducted at the most cost-effective level of assembly.

g. Qualification test hardware shall be identical to the flight hardware.

h. All qualification test specimens shall be processed through specified acceptance testing prior to qualification test.

i. Where redundancy in design exists, each redundancy shall be verified through normal output sources designed for that purpose.

j. All internal electrical components shall be functionally verifiable, externally. 

k. Each measured parameter shall have a specified tolerance.

l. Where new materials or existing materials under new conditions are to be used, adequate testing shall be performed to identify material property values.

4.4    Verification Methods

The follow five items are the acceptable methods for verification of requirement compliance.

4.4.1    Test

The determination of properties, elements, or functional operation of an item by actual trial, operation, and measurement.  A test must have quantifiable results/outputs that are measured in a controlled environment with controlled inputs.

4.4.2
Demonstration

In some cases, measurements are difficult, the environment cannot be controlled, or the acceptance criteria are hard to quantify.  Demonstration denotes the actual operation, adjustment, or configuration of items to provide evidence that the designed functions were accomplished under specific scenarios.  The items may be instrumented and quantitative limits of performance monitored.  Demonstrations are less precise than tests.  A human operator is often involved and you don’t know the exact inputs and outputs your product must handle.  In general, demonstrations are appropriate whenever the acceptance criteria are fuzzy.  Verification questions like “does it feel good?” or “does it look right?” suggest demonstrations, not tests.  Example of where a demonstration is appropriate:  For aircraft certification, a test pilot demonstrates landings in certain wind conditions.  In spite of the “test pilot” moniker, it’s a demonstration rather than a test, because pilot techniques vary and the wind cannot be controlled on a scale large enough to make precise testing feasible.  The pilot gives a subjective assessment of the aircraft’s flying qualities and his workload during the landing.

4.4.3    Analysis

Uses technical or mathematical models or simulations; e.g., similarity, algorithms, charts, graphs, circuit diagrams (drawings), or other scientific principles and procedures to provide evidence that stated requirements were met.

Also: The assessment of system performance under the influence of parametric system inputs, environments, or postulated failure using logical, mathematical, or graphical techniques. Analysis may utilize test data to support the analytical conclusion, but analysis of the test data itself is an integral part of verification by test. 

4.4.4    Inspection

The verification of conformance to specified requirements by examining the physical features of an item against applicable drawings, specifications, and supportive data.  Inspection is generally nondestructive and typically includes the use of sight, hearing, smell, touch, and test; simple physical manipulation; mechanical and electrical gauging and measurement; and other forms of investigation.  Measurements of physical characteristics are within the scope of inspection.  

4.4.5   Similarity

A detailed review of analysis or test data previously generated to verify a similar requirement for a previously verified design that is similar in form, fit, and function.

4.5    Testing Parameters

4.5.1    Responsibility For Test

The seller shall be responsible for implementing the quality assurance requirements specified herein.  Except as otherwise noted, the seller may use his own facilities or any laboratory acceptable to the buyer.
4.5.2    Standard Test Conditions  

Unless otherwise specified, environmental standard test conditions for tests required by this specification shall be an atmospheric pressure of 28.5 plus 2 or minus 4.5 inches of mercury (Hg), a temperature of 73° F (22.8 deg. C) plus or minus 18° F  (10 deg. C) and a relative humidity of 50 plus or minus 30 percent.

4.5.3    Test Tolerances  

Test tolerances shall be used as specified in MIL-STD-810F or FED-STD-101 as applicable, except as follows:

4.5.3.1   Shock





Peak amplitude:
Plus or minus 10 percent

(acceleration vs.  time)
Pulse duration:
Plus or minus 10 percent

4.5.3.2   Acceleration





Specified acceleration:









Plus 10 percent








Minus 0 percent

4.5.3.3   Exposure Time

  



Specified Duration:








Plus 10 percent,








Minus 0 percent

4.5.3.4   Measuring Instrumentation  

Allowable error shall not exceed one tenth of the tolerance specified for the parameter to be measured.

4.6    Acceptance Testing

The contractor shall establish an acceptance test procedure to describe test setups, procedures, and pass/fail criteria.   Acceptance tests and inspections shall be performed on all units to be employed in test programs and on all units delivered to the buyer.  The seller shall perform additional tests deemed necessary, subject to approval by the buyer.  As a minimum, the seller shall conduct the inspection and tests as specified in the table below for each unit.  Each LRU submitted for acceptance shall be subjected to individual tests.  These tests shall be adequate to determine compliance with the performance requirements specified herein. 

	Test

	Cell Lot Acceptance

	Examination of Product

	Insulation Resistance, Grounding, and Bonding Test

	Functional and Performance

	Acceptance Thermal Test

	Acceptance Vibration Test

	Insulation Resistance, Grounding, and Bonding Test

	Functional and Performance


Note:  Functional/continuity tests shall be conducted on each piece of equipment before, during, and after the acceptance vibration tests and acceptance thermal test.  

4.6.0  Cell Lot Acceptance and Certification

The contractor shall establish a Cell Lot Acceptance and Certification Plan for procuring, acceptance screening, and certification of cell lots.  As a minimum, the cell acceptance plan shall include cell source and age control, serialization, OCV, CCV, mass, dimensions, capacity discharge with DC internal resistance measurement after a full charge, leakage, self-discharge, and vibration tolerance of every cell (or provide rationale for screening the cells at a submodule or higher battery level). The lot certification process shall, at a minimum, include a random sampling of a statistically significant amount of cells from the accepted lot to be subjected to the following destructive tests:

a) Cycling capacity and power performance at worst case cold and hot mission conditions and timelines for a single mission as defined in the EIS.

b) Abuse tolerance including overcharge, high rate and smart short circuit, over discharge, and heat-to-vent.

c) Shock and vibration to 2dB higher than acceptance at the submodule or module level.

d) Leak rate of the cell seals

e) Destructive physical analysis to determine mass and dimensions of anode, cathode, and separator, observe cell vent and crimp seal design and materials, and document cell roll configuration by providing axial and radial cross cuts of the cell mounted in epoxy.

f) Determination of vent pressure of vent and burst pressure of crimp seal

g) Determination of electrolyte composition and estimate electrolyte quantity.

h) Set aside a number of cells for archiving purposes

i) External short test to verify PTC setpoint.

4.6.1    Examination of Product  

Each Battery Assembly shall be carefully examined to determine conformance to the requirements of this specification.  Particular attention shall be given to weight, workmanship, finish, dimensions, construction, cleanliness, identification, marking, traceability level, and that certified materials and processes have been used.

4.6.2    Insulation Resistance Test

Insulation resistance testing shall be in accordance with MF0004-002B.

4.6.3    Functional and Performance Tests  

Functional and performance tests shall be conducted on all deliverable equipment to establish compliance with the requirements of Section 3.  Tolerance bands or pass-fail performance criteria based on performance design requirements shall be established for each parameter.

4.6.4    Acceptance Vibration Test (AVT)  



Each unit shall be subjected to random vibration, in each of three orthogonal axes, in accordance with the spectral density envelope specified below.  Should retest be required, the total accumulative vibration test time in any axis shall not exceed the qualified time for AVT in that axis without prior buyer approval.  Full performance tests shall be conducted before and after the vibration test.  Selected performance tests shall be conducted during vibration, with all other circuits monitored.  Tolerances, procedures, and criteria for AVT shall be in accordance with SP-T-0023C.   Vibration levels are shown in paragraph 3.5.4.

4.6.5    Acceptance Thermal Test (ATT)   

Each unit shall be thermally cycled in accordance with SP-T-0023B one time per the profile in Figure 12.   Continuity shall be monitored throughout the test.  Selected performance tests shall be conducted on all items during each thermal extreme.  The performance test at each high temperature extreme shall include operation at the maximum heat dissipation mode for a duration consistent with the design capability and sufficient verify acceptable performance.  During the low temperature extremes, the performance test shall include operation at minimum heat dissipating mode for a duration sufficient to verify acceptable performance. Tolerances, procedures, and criteria shall be in accordance with SP-T-0023C. 

4.6.6    Bonding Test 

Bonding tests shall be conducted as specified in MF0004-002B.  

4.7    Qualification Testing

Qualification testing performed to satisfy the requirements specified in the performance and design verification matrix shall be in conformance with the requirements of this paragraph.  Qualification test specimens shall be subjected to the tests specified in the table below.

Qualification Test Requirements and Sequence

	Battery Level Qualification Test Sequence

	Acceptance Test

	Thermal Cycle

	Shock and Vibration

	Charge / Discharge Cycle Testing – 30 total cycles with a mix of thermal environments and ambient / vacuum pressure environment

	Lightning Test

	Post Qual Functional Test

	Destructive Physical Examination

	

	EAPU System Level Test Sequence

	Acceptance Test

	Mission Duty Cycle Tests

	Functional Test

	Destructive Physical Examination


4.7.1    Performance Requirements  

The Battery Assembly shall be subjected to complete performance tests before and after each the qualification test.  Selected functional tests shall be performed during each environmental exposure.  Where complete performance verification cannot be accomplished during the environmental exposure because of limited test time, the most critical functions shall have priority.  Tolerance bands, pass-fail performance criteria, based on performance design requirements, shall be established for each parameter.  Parameter shifts during or after each environment shall not exceed the absolute value of the allowable difference between the acceptance and qualification test limits for each parameter.

4.7.2    Thermal Cycle Test 

The battery assembly shall be thermally cycled in accordance with SP-T-0023B five times per the profile in Figure 12.  Continuity shall be monitored throughout the test.  Selected performance tests shall be conducted on all items during each thermal extreme.  The performance test at each high temperature extreme shall include operation at the maximum heat dissipation mode for a duration consistent with the design capability and sufficient verify acceptable performance.  During the low temperature extremes, the performance test shall include operation at minimum heat dissipating mode for a duration sufficient to verify acceptable performance. Tolerances, procedures, and criteria shall be in accordance with SP-T-0023C. 

4.7.3    Shock Test

Testing for Functional Shock shall be per MIL-STD-810F, Method 516.5, Procedure I.

Testing for Bench Handling shall be per MIL-STD-810F, Method 516.5, Procedure VI.

4.7.4   Qualification Vibration Test

The Battery Assembly shall be subjected to random vibration to vibration levels shown in paragraph 3.5.4.  Tolerances, procedures, and criteria shall be in accordance with SP-T-0023C. 

4.7.5   Mission Charge / Discharge – Hot, Thermal Vacuum, Air Environment Test

The Battery shall be subjected to a simulated mission profile as follows.  The battery shall be charged at ambient conditions.  The battery shall be discharged per the profile shown in Figure 1.  During the discharge temperature will be controlled to the hot case and the environmental pressure will change from ambient to vacuum to ambient (rates shown in Figure 16) simulating a mission profile. 

4.7.6   Mission Charge / Discharge – Warm, Thermal Vacuum, Air Environment Test

4.7.5 will be repeated with environmental temperature controlled to a warm case rather than hot.

4.7.7   Mission Charge / Discharge – Warm, Thermal Vacuum, Air Environment Test

4.7.5 will be repeated with environmental temperature controlled to a cold case rather than hot.

4.7.8    Lightning Test 

The Battery Assembly shall be tested for lightning susceptibility to insure that the specific lightning induced transients do not cause inadvertent and uncommanded output signals.  The Battery Assembly shall be tested by applying pulsed waveforms to single interfaces (Pin Injection and RF) and multiple interfaces (Cable Bundle) while monitoring outputs to simulate the secondary effects of a 200 kA strike to the Orbiter.  The equipment shall suffer no damage and shall fully recover to the configuration prior to the lightning strike.  The Battery Assembly equipment shall be tested as follows:

a)  Pin Injection Test .  Test levels and applicable waveforms are identified in Table D.1 of Appendix D in NSTS 07636G The appropriate waveforms for tests shall be selected based on circuit criteria associated with each waveform.  Level 3 test amplitudes shall be applied. Guidelines for performing the Pin Injection Test are specified in Section 22 of RTCA DO 160D, paragraph 22.5.1. Groups of three or more EUT circuits with identical interfaces may be qualified by testing three representatives of each group.  The full test voltage and the full test current shall be applied to each of the three identical pin circuits designated as representatives of each group.  The remaining identical circuits in the group can be qualified by similarity.

b) RF Test. The Battery Assembly shall not exhibit any malfunction, deviation of performance or deviation of specified indications beyond the indicated tolerances, when the designated interfaces are subjected to a 4.4 V peak-peak, 10 microsecond burst of pulses over the frequency range of 2 MHz to 11 MHz. This test is performed with a 25 millisecond repetition rate (see Figure 13 for lightning RF test setup) while the battery is discharging.

c)
Multiple Burst Test.  The Battery Assembly shall not exhibit any malfunction, deviation of performance, or deviation of specified indications beyond the indicated tolerances, when the designated interfaces are subjected to the multiple burst waveform described in Appendix A, paragraph 2.7 of NSTS 07636G. The multiple burst waveform is illustrated in Figure A-4 of NSTS 07636G.  Multiple burst amplitude test levels for a Level 3 environment can be found in Table 7 of SAE ARP5412.

d)
Cable Bundle Test.  Test levels and applicable waveforms are identified in Table D.2 of Appendix D in NSTS 07636G.  The appropriate waveforms for tests shall be selected based on circuit criteria associated with each waveform.  Level 3 test amplitudes shall be applied.  Guidelines for performing the Cable Bundle Test are specified in Section 22 of RTCA DO 160D, paragraph 22.5.2.

4.7.9    EAPU System Level Test

The battery will be part of EAPU system level testing conducted by NASA and the EAPU system integrator.  The battery will be installed and connected with the other EAPU system elements for an integrated test.  Mission Duty Cycle (MDC) testing will be performed.  The EHDU will be operated to discharge the battery per flight hydraulic flowrate profiles.  Temperature and environmental pressure will simulate all mission profiles.  In addition to the typical battery performance parameters, EMI and corona will be evaluated.  The corona test will be accomplished with a helium environment in the test chamber.

4.8    Certification by Other Test Data  

Test data generated from articles previously certified may be used as a certification method when it can be shown that the article is similar or identical to the article being certified.  Features to be considered shall include design, performance, environmental duration and limits, manufacturing process, and quality control.  Special effort shall be made to avoid duplication of previous tests from this or similar programs.  Where certification by testing is required, data from other than qualification tests may be used to satisfy the requirements under the following conditions:

	Predeclaration
	The intent to use the test for certification is declared prior to test conduct.

	Configuration
	Production configuration or approval (where allowed) for differences.

	Facilities
	Certified

	Inspection
	Required

	Test: requirement/procedure/pass-fail criteria
	Formally approved by buyer

	Acceptance functional test

Pre-, post- and during environment
	 Required (except for non-operating tests such as    packaging tests).

	Documentation
	Configuration description, failure reports, and test results.


4.9    Traceability

4.9.1    Member Traceability (TM)  
Member traceability requires processing of items in numbered lots, serial numbering each item in the lot and maintaining records common to all members of the lot as well as specific data about each item.

4.9.2    Lot Traceability (TL)   
Lot traceability requires lot serial numbering of items produced by the lot, batch, mix, heat, or melt in a given time sequence and the maintaining of historical data equally pertinent to all items in the lot.  Separate lot numbers shall be assigned when planned differences between individual items in the lot occur due to changes in materials (substitution) or processes which affect form, fit, or function.  The “given time sequence” includes identification of work on the production order for a specific part number, from initiation of work through completion of the last operation.

4.9.3    Serial Traceability (TS)  
Serial traceability requires the assignment of a unique serialized identifier and processing of each part, subassembly, major component, or end item identified (TS) as a separate item, and maintain historical records pertaining to that item alone.  The historical records in turn will provide the capability for backward traceability to the identification of its procurement, fabrication, inspection, processing, test, and operating records and any other pertinent data deemed necessary by the seller.  The capability shall also provide for backward traceability to the procurement document(s) and receiving record(s) of part(s), components, and subassemblies within the end item designated as traceable (exempt items excluded).

4.10    Mission Assurance

Safety, Reliability, Maintainability, and Quality Assurance shall be in accordance with the following documents:

SFOC-UG-0002, Space Shuttle Development Program Safety Requirements Document

SFOC-UG-0003, Space Shuttle Development Program Reliability Requirements Document

SFOC-UG-0004, Space Shuttle Development Program Maintainability Requirements Document

SFOC-UG-0005, Space Shuttle Development Program Quality Assurance Requirements Document

4.11    Verification Requirements Matrices  

The seller’s verification program shall satisfy the performance and design verification requirements specified in the section 4.10 table.  Where a verification method is not indicated, the seller shall propose a suitable approach to requirement verification.  Where a verification method is indicated, the seller may recommend an alternate method.

4.12    Requirement Verification Matrix

Verification Methods

	N: Not Applicable, Description, or Title of Section

	A: Analysis

	 I: Inspection, including Review of Design and Drawings

	T: Test

	S: Verification by Similarity

	D:  Demonstration


	Requirement No.
	Requirement
	M
	e
	t
	h
	o
	d

	
	
	N
	A
	I
	T
	S
	D

	3.0
	REQUIREMENTS
	x
	
	
	
	
	

	3.1
	ITEM DEFINITION
	x
	
	
	
	
	

	3.2
	FUNCTIONAL & PERFORMANCE REQ’MTS
	x
	
	
	
	
	

	3.2.1
	Voltage Output
	
	
	
	
	
	x

	3.2.2
	Power Output
	
	
	
	
	
	x

	3.2.3
	Total Energy Output
	
	
	
	
	
	x

	3.2.4
	Cell Chemistry and Size
	
	
	x
	
	
	

	3.2.5
	Envelope
	
	
	x
	
	
	

	3.2.6
	Weight
	
	
	
	x
	
	

	3.2.7
	Operating Life
	
	x
	
	x
	
	

	3.2.8
	Cycle Life
	
	
	
	x
	
	

	3.2.9
	Useful Life
	
	x
	
	x
	
	

	3.2.10
	Non-Operational State of Charge
	
	
	x
	
	
	

	3.2.11
	On-Orbit Duration
	
	x
	
	
	
	

	3.2.12
	Storage Life
	
	x
	
	
	
	

	3.2.13
	Cell Rupture
	
	x
	
	
	
	

	3.2.14
	Electrolyte Leakage
	
	
	x
	
	
	

	3.2.15
	Venting
	
	
	x
	
	
	

	3.2.16
	Deleted
	
	
	
	
	
	

	3.2.17
	Health Monitoring
	
	
	x
	
	
	

	3.2.18
	Heat Rejection
	
	
	
	x
	
	

	3.2.19
	Connector Dead-Facing and Interlocks
	
	
	x
	
	
	

	3.2.20
	Fault Tolerance
	
	x
	
	
	
	

	3.2.21
	Reliability
	
	x
	
	
	
	

	3.2.22
	Safety
	
	
	x
	
	
	


	Requirement No.
	Requirement
	M
	e
	t
	h
	o
	d

	
	
	N
	A
	I
	T
	S
	D

	3.3
	INTERFACE REQUIREMENTS
	x
	
	
	
	
	

	3.3.1
	Electrical Connectors
	
	
	x
	
	
	

	3.3.2
	Orbiter Power Interface
	
	
	x
	
	
	

	3.3.3
	Input Power Transients
	
	x
	
	x
	
	

	3.3.4
	GSE Power Interface
	
	
	x
	
	
	

	3.3.5
	Mechanical Interface
	
	
	x
	
	
	

	3.3.6
	Input / Output Signals
	
	
	x
	
	
	

	3.4
	GENERAL DESIGN REQUIREMENTS
	x
	
	
	
	
	

	3.4.1
	Bonding
	
	
	
	x
	
	

	3.4.2
	Grounding
	
	
	x
	
	
	

	3.4.3
	Insulation Resistance
	
	
	
	x
	
	

	3.4.4
	Materials and Processes
	
	
	x
	
	
	

	3.4.5
	Parts Standardization
	x
	
	
	
	
	

	3.4.5.1
	Parts Control Plan
	
	
	x
	
	
	

	3.4.5.2
	Parts Selection
	
	
	x
	
	
	

	3.4.5.3
	Failure Analysis
	
	
	x
	
	
	

	3.4.5.4
	Destructive Physical Analysis
	
	
	x
	
	
	

	3.4.5.5
	Derating
	
	
	x
	
	
	

	3.4.5.6
	Radiation
	
	x
	
	x
	
	

	3.4.6
	Ultimate Factor of Safety
	
	
	x
	
	
	

	3.4.7
	Fracture Control
	
	
	x
	
	
	

	3.4.8
	Positive Locking
	
	
	x
	
	
	

	3.4.9
	Bench Verification
	
	
	x
	
	
	

	3.4.10
	Design for Safety
	
	
	x
	
	
	

	3.4.11
	Fatigue
	
	x
	
	
	
	

	3.4.12
	Creep
	
	x
	
	x
	
	

	3.4.13
	Critical Welds and Resistive Spot Welds
	
	
	x
	
	
	

	3.4.14
	CG and Moments of Inertia
	
	x
	
	
	
	

	3.4.15
	Contamination Control
	
	
	x
	
	
	

	3.4.16
	Interchangeability and Replaceability
	
	
	x
	
	
	

	3.4.17
	Identification and Marking
	x
	
	
	
	
	

	3.4.17.1
	Identification of Parts
	
	
	x
	
	
	

	3.4.17.2
	Identification of Test Specimens
	
	
	x
	
	
	

	3.4.17.3
	End Item Marking
	
	
	x
	
	
	

	3.4.17.4
	Hazard Marking Labels
	
	
	x
	
	
	

	3.4.17.5
	Interface Identification
	
	
	x
	
	
	

	3.4.18
	Traceability
	
	
	x
	
	
	

	3.4.18.1
	Traceability Classification
	
	
	x
	
	
	

	3.4.18.2
	Serial Traceability
	
	
	x
	
	
	

	3.4.18.3
	Lot Traceability
	
	
	x
	
	
	

	3.4.18.4
	Member Traceability
	
	
	x
	
	
	

	3.4.18.5
	Traceability Identification
	
	
	x
	
	
	

	3.4.19
	Workmanship Standards
	
	
	x
	
	
	


	Requirement No.
	Requirement
	M
	e
	t
	H
	o
	d

	
	
	N
	A
	I
	T
	S
	D

	3.5
	ENVIRONMENTAL REQUIREMENTS
	x
	
	
	
	
	

	3.5.1
	Pressure
	
	x
	
	x
	
	

	3.5.2
	Pressurization / Depressurization
	
	x
	
	x
	
	

	3.5. 3
	Thermal
	
	x
	
	x
	
	

	3.5.4
	Vibration
	
	x
	
	x
	
	

	3.5.5
	Humidity
	
	
	
	x
	
	

	3.5.6
	Sand and Dust
	
	
	x
	
	
	

	3.5.7
	Salt Fog
	
	
	
	x
	
	

	3.5.8
	Deleted
	
	
	
	
	
	

	3.5.9
	Fundamental Frequency
	
	
	
	x
	
	

	3.5.10
	Static Load
	
	
	
	x
	
	

	3.5.11
	Ozone
	
	x
	
	
	
	

	3.5.12
	Fungus
	
	x
	
	
	
	

	3.5.13
	Orientation and Zero-g
	
	x
	
	x
	
	

	3.5.14
	High Voltage Discharge / Corona
	
	x
	
	
	
	

	3.5.15
	Micrometeroid and Orbital Debris
	
	x
	
	
	
	

	3.5.16
	Nuclear Radiation
	
	x
	
	
	
	

	3.5.17
	Deleted
	
	
	
	
	
	

	3.5.17.1
	Deleted
	
	
	
	
	
	

	3.5.17.2
	Deleted
	
	
	
	
	
	

	3.5.17.3
	Deleted
	
	
	
	
	
	

	3.5.17.4
	Deleted
	
	
	
	
	
	

	3.5.18
	External Radio Frequency (RF)
	
	
	
	x
	
	

	3.5. 19
	Explosive Atmosphere
	
	x
	
	x
	
	

	3.5.20
	Shock
	
	
	
	x
	
	

	3.5.21
	Electromagnetic Compatibility
	
	
	
	x
	
	

	3.5.22
	Lightning
	
	
	
	x
	
	

	3.5.23
	Heaters
	
	
	x
	x
	
	

	3.6
	PACKAGING AND TRANSPORTATION
	x
	
	
	
	
	

	3.6.1
	Transportability
	
	
	x
	
	
	

	3.6.2
	Preservation and Packaging
	
	
	x
	
	
	

	3.6.3
	Packing
	
	
	x
	
	
	

	3.6.4
	Design Requirements
	
	
	x
	
	
	

	3.6.5
	Monitoring Devices
	
	
	x
	
	
	

	3.6.6
	Temporarily Installed Hardware Identification
	
	
	x
	
	
	

	3.6.7
	Marking for Shipment
	
	
	x
	
	
	

	3.6.8
	Safety Requirement
	
	
	x
	
	
	

	3.7
	GROUND SUPPPORT EQUIPMENT
	x
	
	
	
	
	

	3.7.1
	Design
	
	
	x
	
	
	

	3.7.2
	Safety Interlocks
	
	
	x
	
	
	

	3.7.3
	Checkout
	
	
	
	x
	
	

	3.7.4
	Load Box
	
	
	x
	
	
	


	Requirement No.
	Requirement
	M
	e
	t
	H
	o
	d

	
	
	N
	A
	I
	T
	S
	D

	3.7.4.1
	Internal Resistance
	
	
	
	x
	
	

	3.7.4.2
	Interface Verification
	
	
	
	x
	
	

	3.7.4.3
	Load Box Power
	
	
	x
	
	
	

	3.7.5
	Handling and Transport
	
	
	x
	
	
	

	3.7.6
	Charger
	
	
	x
	
	
	

	3.7.6.1
	Charge Time
	
	
	
	x
	
	

	3.7.6.2
	Input/Output Power
	
	
	x
	
	
	

	3.7.6.3
	Interface Connectors
	
	
	x
	
	
	

	3.7.6.4
	Status and Data
	
	
	x
	
	
	

	3.7.6.5
	Start / Stop
	
	
	x
	
	
	

	3.7.7
	Charger to HBM Connection
	
	
	x
	
	
	

	3.7.8
	GSE Set Definition
	x
	
	
	
	
	


5.0
NOTES and Definitions

Verification 

The process of planning and implementing a program that determines that the Shuttle System meets all design, performance, and safety requirements.  The verification process includes certification, development testing, acceptance testing, flight demonstration, preflight checkout, and analysis necessary to support the total verification program.

Design Verification 

Effort associated with verification that orbiter element designs meet documented performance and design requirements including maintainability and the activities directed to component/assembly/subsystem certification.

Hardware Verification 

Assures that orbiter element deliverable hardware, including GSE, is built-per-print, meets the contractual specifications, and is operable.  This is accomplished by inspections, supplier acceptance tests, in-process tests during manufacturing buildup, subsystem functional tests, integrated acceptance tests, and preflight checkout.  GSE station set validation tests are conducted to complete ground system hardware verification.

Certification 

Qualification tests, major ground tests, and other tests and analysis required to determine that the design of hardware from the component through the sub-system level meets requirements.

Acceptance (Tests) 

Acceptance tests detect deficiencies in workmanship, material, and quality.  Tests to determine that a part, component, subsystem, or system is capable of meeting performance requirements prescribed in purchase specification or other documents specifying what constitutes the adequate performance capability for the item in question.  
Qualification 

The activity that proves design, manufacturing, and assembly have resulted in hardware and software that conforms to design and performance requirements when subjected to specific environmental conditions.

Qualification Tests 

Those tests conducted as part of the certification program to demonstrate that design and performance requirements can be realized under specified conditions.

Design Certification Review 

Ensures that the qualification verifications demonstrated design compliance with functional and performance requirements.

Fail Operational  

The ability to sustain a failure and retain safe, full operational capability (mission continuation).

Fail Safe  

The ability to sustain a failure and retain safe operational capability (successfully terminate the mission).

Failure  

The inability of a system, subsystem, component, or part to perform its required function within specified limits, under specified conditions for a specified duration.

Line Replaceable Unit (LRU)  

A combination of components, units, parts assemblies, subassemblies, etc., that are contained in one package or are so arranged that together the combination is common to one mounting; and in addition, provides complete function(s) to the larger entity within which it operates.  In order to aid in the further definition on an individual basis, the following list of characteristics which can be attributed to a Line Replaceable Unit are provided:

a.  It can be verified as ready for installation in an off-vehicle environment.

b.  After installation readiness verification, it can be installed in any vehicle or GSE end item without regard to serial number.

c.  The installation does not require manufacturing type tooling of dimensional or other similar nature.

d.  It does not require engineering support during the installation or removal.

e.  It does not require more time or involve more spares costs or other resources than its next assembly for installation or removal.

Shop Replaceable Unit (SRU)  

An SRU is an integral subassembly of an LRU consisting of units and parts or a combination of parts so arranged that together the combination is common to one mounting; and in addition, provides a complete function(s) to the larger entity within which it operates.

Scheduled Maintenance  

The action performed in an attempt to retain an item in a specified condition by providing systematic inspection, detection, and servicing for the prevention of incipient failure.

Operating Cycles  

The cumulative number of times an item completes a sequence of activation and return to its initial state; e.g., a switched-on/switched-off sequence, a valve-opened/valve-closed sequence, a tank pressurized/depressurized, or dewar cryogenic exposure/drain.

Operating Life  

The specified operating time/cycles that an item can accrue before replacement or refurbishment without risk of degradation of performance beyond acceptable limits.

Preflight Checkout  

Verifies that the flight hardware functions within prescribed limits when the subsystems are operated alone, or together as an integrated vehicle.

Shelf Life 

That period of time during which an item can remain in storage without having its operability affected.  Preventive maintenance, servicing, and replacement of age-sensitive material parts shall be permitted on a schedule basis during the storage period.

Useful Life  

The item’s total life span including operating life and storage with normal preventive maintenance, servicing, repair, and replacement of parts before item is considered unacceptable for further usage.  This life span may be equal to (throw-away), or greater than (repair, refurbishable) the value specified for “operating life.”

Torr 

The Torr is defined as 1/760 of a standard atmosphere or 1,013,250/760 dynes per square centimeter.  This is equivalent to defining the Torr as 1333.22 microbars, and differs by only one part in seven million from the International Standard millimeter of mercury.

Sheltered  

A warehouse type facility, enclosed, and providing protection against environmental conditions.

Unsheltered  

An open area and unprotected against environmental conditions.

Dummy Load 

For the purposes of shock tests, a dummy load is a duplicate of the shape, size, rigidity, mounting methods, weight, mass distribution and center-of-gravity of the qualification unit.  There is no requirement that it be a functioning device.

Built-In Test 

Built-in test is defined as additional circuitry implemented in the basic design of an LRU or system for the purpose of failure detection and/or reporting operational and/or health status of the LRU.  Built-in test is defined to include:  Built-In-Test Equipment (BITE), Self-Test and Test Points.

· Built-In-Test-Equipment (BITE) - That circuitry provided to perform continuous monitoring of specific parameters, groups of parameters or functions of the LRU to provide a Go/No-Go indication.  This type of built-in test capability represents those implementational techniques that are autonomous in nature, provide continuous real time monitoring, but do not interrupt normal operation of the LRU.

· Self Test - That circuitry contained in the LRU which provide the means to simulate operation of an LRU for the purpose of functional verification.  This type of built-in-test capability is non-autonomous in nature in that it may require an external initiation and does interrupt the normal operation of the LRU.

· Test Points - Those measurements of LRU parameters which are provided at the electrical interface of the LRU to enable determination of the relative health or operational status of the individual unit.

· Unaugmented Test - A test that does not require the use of the computer in a mode other than the normal operational mission of data reception/command generation.

Abbreviations and Acronyms  

Abbreviations and acronyms used in this specification are defined as follows:

	ac
	Alternating Current

	Al
	Aluminum

	Amp, A
	Ampere

	APU
	Auxiliary Power Unit

	ATT
	Acceptance Thermal Tests

	AVT
	Acceptance Vibration Tests

	BITE
	Built-In-Test Equipment

	BTU
	British Thermal Unit

	BW
	Bandwidth

	C
	Centigrade, Celsius

	CG
	Center of Gravity

	cm3
	Cubic centimeter

	COTS
	Commercial Off the Shelf

	Cu
	Copper

	CW
	Continuous Wave

	DA
	Double Amplitude

	dB
	Decibel

	DC
	Direct Current

	DPA
	Destructive Physical Analysis

	EAPU
	Electric Auxiliary Power Unit

	EEE
	Electronic/electrical/electromechanical

	EHDU
	Electro Hydraulic Drive Unit

	EMC
	Electromagnetic Compatibility

	F
	Fahrenheit

	FSN
	Federal Stock Number

	ft
	Foot or feet

	ft2
	Square foot or feet

	ft3
	Cubic foot or feet

	GN2
	Gaseous Nitrogen

	g
	Gravity

	GSE
	Ground Support Equipment

	HBM
	Half Battery Module

	He
	Helium

	Hg
	Mercury

	hr
	Hour

	Hz
	Hertz (cycles per second)

	Kohm
	Kilohm

	KHz
	KiloHertz (kilocycles per second)

	kWh
	Kilo watt hour

	lb
	Pound

	LET
	Linear Energy Transfer

	LRU
	Line replaceable unit

	mA
	Milliampere

	mg
	Milligram

	
	

	MHz
	MegaHertz (megacycles per second)

	min
	Minute

	ml
	Milliliter

	mm
	Millimeter

	MOTS
	Military Off the Shelf

	msec
	Millisecond

	MTBF
	Mean Time Between Failure

	mV
	Millivolt

	N2  
	Nitrogen

	NASA
	National Aeronautics and Space Administration

	NATO
	North Atlantic Treaty Organization

	O2
	Oxygen

	phm
	Parts per hundred million

	ppm
	Parts per million

	psi
	Pounds per square inch

	psia
	Pounds per square inch absolute

	psid
	Pounds per square inch differential

	psig
	Pounds per square inch gauge

	QPL
	Qualified Product List

	QVT
	Qualification Vibration Test

	RC
	Resistance capacitance

	RF
	Radio Frequency

	rms
	Root mean square

	sec
	Second

	SEE
	Single Event Effect

	SRU
	Shop replaceable unit

	std
	Standard

	TBD
	To be Determined

	TBS
	To be Supplied

	TSP
	Twisted Shielded Pair

	(sec
	Microseconds

	Vac
	Volts Alternating Current

	Vdc
	Volts Direct Current

	V/m
	Volts Per Meter


FIGURE 1  -  MISSION POWER PROFILE – 2 APU DESIGN CASE
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FIGURE 1  -  MISSION POWER PROFILE (simplified) – 2 APU DESIGN CASE
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FIGURE  2  -  THERMAL ENVIRONMENT PRELAUNCH

[image: image7.emf]Prelaunch Hot Day Thermal Environment  -  Sidewall Structure
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FIGURE  3  -  THERMAL ENVIRONMENT PRELAUNCH

[image: image8.wmf]Prelaunch Hot Day Thermal Environment  -  Wing Carrythrough Structure
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FIGURE  4  -  THERMAL ENVIRONMENT PRELAUNCH

[image: image9.wmf]Prelaunch Hot Day Thermal Environment  -  Lower After Air
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FIGURE 5 – THERMAL ENVIRONMENT ORBIT
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FIGURE 6  -  THERMAL ENVIRONMENT ORBIT WORST CASE HOT
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FIGURE 7  -  THERMAL ENVIRONMENT ENTRY PROFILE
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FIGURE 8  -  THERMAL ENVIRONMENT ENTRY PROFILE
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FIGURE 9  -  THERMAL ENVIRONMENT ENTRY PROFILE 
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FIGURE 10  -  INTEGRAL LINEAR ENERGY TRANSFER (SILICON) SPECTRA
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Integral Linear Energy Transfer (silicon) Spectra composed of Solar and Galactic Cosmic Rays and trapped protons produced using the Cosmic Ray Effects on Microelectronics (CREME) code defined in Naval Research Laboratory Report 5901 titled Cosmic Ray Effects on Microelectronics, Part IV dated December 31, 1986 with the following assumptions: 90% worst– case (M= 3), all ions from protons to uranium (atomic number = 1 to 92),500 km, no earth shadow, 57.1 degree inclination, solar minimum, 100 mil aluminum shielding, and National Space Science Data Center AP8MIN code with 1964 epoch, 1965 International Geomagnetic Reference Field (IGRF).

FIGURE 11  -  DIFFERENTIAL ENERGY SPECTRUM
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Differential Energy Spectrum composed of Solar and Galactic and trapped protons produced using the Cosmic Ray Effects on Microelectronics (CREME) code defined in Naval Research Laboratory Report 5901 titled Cosmic Ray Effects on Microelectronics, Part IV dated December 31, 1986 with the following assumptions: 90% worst– case (M= 3), protons only (atomic number = 1), 500 km, no earth shadow, 57.1 degree inclination, solar minimum, 100 mil aluminum shielding, and National Space Science Data Center AP8MIN code with 1964 epoch, 1965 International Geomagnetic Reference Field (IGRF).

FIGURE 12  -  ACCEPTANCE THERMAL CYCLE TEMPERATURE PROFILE

[image: image17.wmf]Time

Temperature

Ambient Pre

-

Test

Functional Tests

Ambient Post

-

Test

Functional Tests

Minimum of 60 min. Stabilized Soak

Selected Functional Tests

25 deg F

25 deg F

+125 deg F

Minimum of 60 min. Stabilized Soak

Selected Functional Tests

Minimum of 60 min. Stabilized Soak

Selected Functional Tests



FIGURE 13  -  QUALIFICATION THERMAL CYCLE TEMP PROFILE
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FIGURE 14  -  LIGHTNING RF TEST SETUP
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Note: The test must be performed on fully configured and functioning equipment, complete with interconnecting cable bundles and interface loads.  If flight cables are unavailable, test cables with similar or known characteristics may be used.

FIGURE 15a  -  Battery Location In Vehicle
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FIGURE 15b  -  Battery Location In Vehicle
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FIGURE 15c  -  Battery Location In Vehicle
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FIGURE 15d  -  Battery Location In Vehicle
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Figure 16a  - Ascent Environmental Pressure Profiles
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Figure 16b  - Descent Environmental Pressure Profiles
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