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1.0 introduction

1.1 PURPOSE
This Interface Control Document (ICD) is the primary source of design implementation and control of the Bigelow Expandable Activity Module (BEAM) specific interfaces to the International Space Station (ISS).  The physical, functional and environmental design implementation associated with BEAM safety and interface compatibility is included herein.  This ICD controls the hardware interfaces between the BEAM and the following Space Station systems:

· Mobile Servicing System (MSS)

-
Space Station Remote Manipulator System (SSRMS)

-
Payload Orbital Replacement Unit (ORU) Accommodation (POA)
-
Flight Releasable Grapple Fixture (FRGF)
· ISS Node 3 aft location. Note that “aft” in this definition refers to ISS orientation and not Node 3 documentation. 
· ISS Crew

· ISS Environments
1.2 SCOPE
This ICD only addresses the interface of the BEAM to be located on Node 3 Aft.  The interfaces defined in this document apply to on-orbit phases of the BEAM mission cycle.
1.3 USE
Section 1.0, Introduction, of this document includes the introduction.  Section 2.0, Documentation, lists the applicable documents associated with this ICD.  Section 3.0, BEAM to ISS Interface Description, contains interface design implementation and ISS specific interface information.  Section 4.0, Verification, provides the complete set of verification requirements to ensure compliance with the requirements in Section 3.0.  Table 4.2-1, Verification Matrix, identifies the responsible party for the verification activity.
1.4 GENERAL INFORMATION
1.4.1 General Notes
The following notes apply to all figures and drawings:

A. All critical tolerances and dimensions shown are in accordance with ASME Y14.5, Dimensioning and Tolerancing.

B. All dimensions are in inches unless otherwise specified.

C. All bonding surface locations and preparations are defined (when necessary).

D. Physical and mechanical interface definitions are in accordance with DOD-STD-100C, Engineering Drawing Practices.

E. Mounting, installation and attachment provisions include:

1. Fastener part numbers (when necessary)

2. Fastener location (when necessary)

1.4.2 Engineering Units and Tolerances
Unless otherwise noted herein, all dimensions in this document are shown in the English system of inch pound (in-lb) units.  Implied tolerances on linear dimensions are defined in Table 1.4.2-1, Linear Tolerances.  Angular Tolerances are shown in Table 1.4.2-2.  Dimensions enclosed within parenthesis are shown for reference only and provide no tolerance.  Orthographic projections are constructed using the third angle projection system.
	Table 1.4.2-1  LINEAR TOLERANCES

	Dimensions
	Tolerances

	.xx
	+/- 0.03 inches

	.xxx
	+/- .010 inches


	Table 1.4.2-2  ANGULAR TOLERANCES

	Dimensions
	Tolerances

	x degrees
	+/- 1 degree

	x degrees x minutes
	+/- 0 degrees 30 minutes


2.0 documentation

The following specifications, standards, and handbooks of the exact issue shown form a part of this ICD to the extent specified herein.  Other documents or portions thereof cited from within the applicable documents shall be considered to be for guidance and information only with the exception of Part 1 ICD.  Documents or portions thereof cited within referenced Part 1 ICDs are considered part of this specification.  In the event of a conflict between the documents referenced herein and the contents of this ICD, the contents of this ICD shall be considered a superseding requirement.

2.1 APPLICABLE DOCUMENTS
	DOCUMENT NO.
	TITLE

	AIAA S-080
01 Jan., 1998
	Space Systems - Metallic Pressure Vessels, Pressurized Structures, and Pressure Components

	ASTM E595
01 Dec, 2007
	Standard Test Method for Total Mass Loss and Collected Volatile Condensable Materials from Outgassing in a Vacuum Environment

	ASTM E1548
01 April, 2009
	Standard Practice for Preparation of Aerospace Contamination Control Plans

	ASTM E1559

01 April, 2009
	Standard Test Method for Contamination Outgassing Characteristics of Spacecraft Materials

	AWS C-3.2
01 Jan, 2008
	Standard Method for Evaluating the Strength of Brazed Joints

	AWS C-3.3
01 Jan, 2008
	Recommended Practices for Design, Manufacture, and Examination of Critical Brazed Components

	AWS C-3.4
01 Jan, 2007
	Specification for Torch Brazing

	AWS C-3.5
01 Jan, 2007
	Specification for Induction Brazing

	AWS C-3.6
01 Jan, 2008
	Specification for Furnace Brazing

	AWS C-3.7
01 Jan, 2011
	Specification for Aluminum Brazing

	CCSDS 301.0-B-2
April 1990
	Time Code Formats

	CCSDS 701.0-B-2
Issue 2 Nov 1992
	Advanced Orbiting Systems, Networks and Data Links: Architectural Specification

	D684-10058-03-05
Rev Basic, 20 Nov 2010
	Integrated ISS Thermal Math Models Volume 3 Book 5

	IEC 60060-1
Edition 3.0
1 Sept. 2010
	High-Voltage Test Techniques - Part 1: General Definitions and Test Requirements

	IEC 60950-1
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3.0 BEAM to ISS interface Description
3.1 STRUCTURAL/MECHANICAL INTERFACES
3.1.1 Interface with the MSS
Two grapple fixtures on the BEAM provide structural/mechanical interfaces with the MSS allowing the SSRMS or POA to grapple the payload.
3.1.2 Interface with the Node 3 Aft Bulkhead
The physical interface between the ISS and the BEAM occurs at the Node 3 aft Common Berthing Mechanism (CBM).  The physical interface between the BEAM and Node 3 will be the interfaces as described in SSP 41148, Active Common Berthing Mechanism to Passive Common Berthing Mechanism Interface Control Document, Part 1.  The interfaces between the BEAM and the Passive Common Berthing Mechanism (PCBM) are shown in SSP 41004, Common Berthing Mechanism to Pressurized Elements Interface Control Document.  The BEAM to Node 3 interface plane is as shown in Figure 3.1.2-1, BEAM to Node 3 Interface Plane.  The BEAM to ISS functional interfaces are shown in Figure 3.1.2-2, BEAM to ISS Functional Interfaces.  The Node 3 aft bulkhead interface details are shown in Figure 3.1.2-3, Node 3 Aft Bulkhead Interfaces.  These interfaces are referenced to the ISS Coordinate System.  See SSP 30219, Space Station Reference Coordinate Systems.
Note: The Node 3 “aft” direction refers to the ISS “aft” definition and not the Node 3 documentation system definition.
 SHAPE  \* MERGEFORMAT 



FIGURE 3.1.2-1  BEAM to Node 3 Interface plane
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FIGURe 3.1.2-2  BEAM to ISS Functional Interfaces
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figure 3.1.2-3  Node 3 Aft Bulkhead interfaces
The Space Station coordinate system is defined in SSP 30219.  The BEAM coordinate system is shown in Figure 3.1.2-4, BEAM Coordinate System.

[image: image5]
Figure 3.1.2-4  BEAM Coordinate System

3.1.3 Mass Properties and Center of Gravity
3.1.3.1 Control Weight
The BEAM (including PCBM and FRGFs) total on-orbit control weight is provided in Table 3.1.3.1-1, BEAM Weight.

	Table 3.1.3.1-1  BEAM weight <TBC-12> 

	BEAM
	Weight (lbs.)

	
	2866


3.1.3.2 Control Center of Gravity
The BEAM (including PCBM and FRGFs) on-orbit control center of gravity is provided in Table 3.1.3.2-1, BEAM Center of Gravity.  The center of gravity accounts for variations, locations and articulating (dynamic) effects of payloads on the BEAM.
	Table 3.1.3.2-1  BEAM center of gravity <TBC-11> 

	Axis
	Center of Gravity Stowed for Launch
	Center of Gravity Inflated

	X
	40.51”
	78.79”

	Y
	0.10”
	0.10”

	Z
	0.00”
	0.00”

	Note:
Center of gravity is relative to the BEAM local coordinate system defined in paragraph 3.1.2.


3.2 INTERFACE REQUIREMENTS
3.2.1 Envelope Requirements

3.2.1.1 Ingress/Egress Passageway

There shall be no protrusions or obstructions into the passage envelope shown in Figure 3.2.1.1-1, Passageway Envelope, after berthing and outfitting of the passageway.  The BEAM hatch passageway minimum clearance shall be as shown in Figure 3.2.1.1-1.


[image: image6]
Figure 3.2.1.1-1  Passageway envelope

3.2.1.2 Access Envelope

The vestibule design shall provide envelopes reserved for running utility jumper between Node 3 and the BEAM when fully berthed and outfitted that do not impact the clear passage envelope.
3.2.1.3 Centerline Berthing Camera System (CBCS) Viewing Stayout Zone Envelope
The BEAM shall not interfere with the CBCS viewing stay-out zone as defined in Figure 3.2.1.3-1, CBCS Viewing Stay Out Envelope. The definition of the CBCS viewing stay-out zone encompasses the envelope required for the CBM Meteoroid/Debris Covers.  This envelope is required at the on-orbit, pre-installed berthing position.  This keep out zone must be maintained after exposure to launch environments and on-orbit environmental effects.
[image: image50.bmp][image: image51.bmp][image: image52.bmp]
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Figure 3.2.1.3-1  CBCS viewing stay out envelope

3.2.2 Structural/Mechanical Attachment

The BEAM shall attach to the Node 3 Aft Port via a PCBM.  Node 3 aft contains an Active Common Berthing Mechanism (ACBM).  The BEAM PCBM structural / mechanical interface shall meet the requirements defined in SSP 41148.
3.2.2.1 Berthing Attachment Mechanism(s)
Interfaces between the PCBM and the BEAM shall be in accordance with SSP 41004, except for paragraphs 3B.2.1.4.2.2, 3B.2.1.4.3, 3B2.2.4.2.2, and 3B.2.2.4.3.

3.2.2.2 Structural
The BEAM shall be designed as a safe-life structure (SSP 30559, Structural Design and Verification Requirements, paragraph 3.1.3).
3.2.2.2.1 Structural Design requirements
A. The BEAM metallic and composite portions of the structure shall meet or exceed the requirements in SSP 30559.  The following sections in SSP 30559 are not applicable to the BEAM design: 3.1.3.1, 3.1.4.1, 3.1.6, 3.1.8, 3.1.9.1, 3.2.1, 3.2.4.2, 3.3.2.1, 3.3.2.1.1, 3.3.3, 3.5.1.3, 3.5.7.4, 4.1.2.1.1, 4.1.3.1.

B. The structural elements of the BEAM softgoods consist of the restraint layer, the shell restraint straps and the Intravehicular (IVA)/ Extravehicular Activity (EVA) handrails.  The BEAM softgoods shall meet or exceed the requirements in SSP 30559.  The following sections in SSP 30559 are not applicable to the BEAM design: 3.1.3.1, 3.1.4.1, 3.1.6, 3.1.8, 3.1.9.1, 3.2.1, 3.2.4.2, 3.3.2.1, 3.3.2.1.1, 3.3.3, 3.5.1.3, 3.5.7.4, 4.1.2.1.1, 4.1.3.1.

C. The Factor of Safety for the structural components of the softgoods shall be 4.0 (Pult = 4.0 Plimit) for ultimate loads (NASA-STD-5001, Structural Design and Test Factors of Safety for Spaceflight Hardware).  There shall be no factor of safety for the yielding of softgoods.

D. The structural softgoods shall be designed to prevent detrimental deformations at limit loads or during proof or acceptance testing (SSP 30559 – paragraphs 3.1.3, 3.4.1).

E. The structural material allowable properties of the restraint layer shall be defined by Mil-T-87130 specification, TAPE AND WEBBING, TEXTILE, PARA-ARAMID, INTERMEDIATE MODULUS, with acceptance testing of every webbing roll/batch lot (SSP 30559).
F. Using a combined bladder and restraint, demonstrate by test that a 1 inch cut in the bladder shall not propagate into a combined cut and tear greater than 2.0 inch in length when exposed to a pressure differential of 15.2 psi. 
G. The bladder shall maintain pressure integrity/functionality when exposed to environments, folding/creasing and manufacturing/assembly procedures.

H. BEAM shall have a Maximum Design Pressure (MDP) of 15.2.

3.2.2.2.2 Fracture Control
The BEAM metallic and composite materials shall meet or exceed the fracture control requirements in SSP 30558, Fracture Control Requirements for Space Station.  The following section in SSP 30558 is not applicable to the BEAM design:  4.2.1.3.
3.2.2.2.3 Design Service Life

The life of the BEAM payload shall be 2 years with a life factor of 4.0.  Damage can occur during manufacturing or service.  The magnitude of the damage will consider inspection capabilities and probability of occurrence.  Life analysis or testing shall include damage just below ground inspection detectability and in service deterioration due to packaging (folding/creasing), transportation and environments.  The BEAM structural softgoods and bladder shall demonstrate life through testing with representative manufacturing or service damage (SSP 30558 – 3.1.5, 3.1.9, 3.5.7).  At the end of life testing, the bladder leak rate shall not exceed limits in section 3.2.3.4.

3.2.2.3 Structural Loading

3.2.2.3.1 On-Orbit Transient Interface Loads
The BEAM to Node-3 interface shall not exceed the berthing contact loads defined in Table 3.2.2.3.1-1, Node 3 to BEAM Resultant Berthing Contact Forces, and Table 3.2.2.3.1-2, Node 3 to BEAM CBM Contact Point Contact Loads; the on-orbit transient limit loads in Table 3.2.2.3.1-3, Node 3/BEAM coupled Interface Loads, and associated load spectra in Table 3.2.2.3.1-4, On-Orbit Transient Loads Spectra.  The load components within each load case will be applied concurrently in any combination of positive and negative values for each condition. The point of application of these loads will be as defined in Figure 3.2.2.3.1-1, Load Application Diagram.  Shear and bending moment act in any direction in the ISS Y−Z plane of Figure 3.2.2.3.1-1.

	Table 3.2.2.3.1-1  Node 3 to BEAM Resultant Berthing Contact Forces <TBC-9>

	Axial (lbs)
	rss Shear (lbs)
	rss Moment (in-lbs)
	Torsion (in-lbs)

	7,260
	+/- 1,190
	+/- 69,200
	+/- 111,400


	Table 3.2.2.3.1-2  Node 3 to BEAM CBM Contact Point Contact Loads
<TBC-10>

	Alignment Pin Load (lbs)
	Shear Guide Load (lbs)
	Thermal equalization Standoff (lbs)

	850
	150
	290


	Table 3.2.2.3.1-3  Node 3 / BEAM coupled interface loads

	Axial (lb)
	rss Shear (lb)
	rss Moment (ft-lb)
	Torsion (ft-lb)

	600 <TBC-13>
	600 <TBC-14>
	3800 <TBC-15>
	1300 <TBC-16>


	Table 3.2.2.3.1-4  On-Orbit transient loads spectra

	Amplitude Tier (Percent of Design-to-Load)
	Cycle Count

	90 – 100
	2

	80 – 90
	6

	70 – 80
	44

	60 – 70
	410

	50 – 60
	1580

	40 – 50
	5860

	30 – 40
	8,410

	20 – 30
	43,600

	15 – 20
	42,700

	10 – 15
	92,600

	5 – 10
	384,700

	2.5 – 5
	13,657,000
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Figure 3.2.2.3.1-1  Load application diagram
3.2.2.3.2 On-Orbit Thermal Structural Loads
3.2.2.3.2.1 On-Orbit Thermally Induced Structural Loads
The BEAM to Node 3 interface shall support the induced loads associated with a maximum ACBM to PCBM temperature differential at the time of BEAM berthing, combined with the induced loads associated with a maximum ACBM to PCBM transient (steady state) temperature differential or the loads specified in Table 3.2.2.3.2.1-1, On-Orbit Thermally Induced Structural Loads.
	Table 3.2.2.3.2.1-1  ON−ORBIT THERMALLY INDUCED STRUCTURAL LOADS

	On−orbit Thermal Loads
	Case 1
	Case 2
	Case 3
	Case 4

	Frad (Radial, Positive Outboard, lb)
	15,500
	15,500
	-15,500
	-15,500

	Mtang (Tangential, in−lb)
	5,280
	5,280
	-5,280
	-5,280

	Axial (Zref, lb)
	
	
	
	

	
Bolt Position 1
	-205
	205
	-205
	205

	
Bolt Position 2
	810
	-810
	810
	-810

	
Bolt Position 3
	-900
	900
	-900
	900

	
Bolt Position 4
	215
	-215
	215
	-215

	
Bolt Position 5
	-320
	320
	-320
	320

	
Bolt Position 6
	280
	-280
	280
	-280

	
Bolt Position 7
	-680
	680
	-680
	680

	
Bolt Position 8
	975
	-975
	975
	-975

	
Bolt Position 9
	-430
	430
	-430
	430

	
Bolt Position 10
	260
	-260
	260
	-260

	
Bolt Position 11
	370
	-370
	370
	-370

	
Bolt Position 12
	-330
	330
	-330
	330

	
Bolt Position 13
	-290
	290
	-290
	290

	
Bolt Position 14
	-780
	780
	-780
	780

	
Bolt Position 15
	815
	-815
	815
	-815

	
Bolt Position 16
	220
	-220
	220
	-220

	Notes:

(1) The load case is to be applied that maximizes internal loads in the structure.

(2) The radial shear and tangential moment loads are to be applied at each of the ACBM to PCBM powerbolt attachment locations, simultaneously, resulting in zero net shear and moment loads at the interface plane. The powerbolt attachment locations are identified in Table 3.2.2.3.2.1−2, ACBM/PCBM Interface Bolt Locations, and Figure 3.2.2.3.2.1−1, ACBM/PCBM Interface Plane Attachment Bolt Locations.

(3) The axial loads are to be combined with the shear and moment loads at each of the powerbolt locations of Table 3.2.2.3.2.1−2. The axial loads are to be applied simultaneously and sequentially at the powerbolt clock angle, achieved by clocking both clockwise and counterclockwise, that maximizes internal element loads.


	Table 3.2.2.3.2.1-2  ACBM/PCBM INTERFACE BOLT LOCATIONS

	Interface Bolt
	Radius (in)
	(degrees)

	A
	36.639
	11.25

	B
	36.639
	33.75

	C
	36.639
	56.25

	D
	36.639
	78.75

	E
	36.639
	101.25

	F
	36.639
	123.75

	G
	36.639
	146.25

	H
	36.639
	168.75

	I
	36.639
	191.25

	J
	36.639
	213.75

	K
	36.639
	236.25

	L
	36.639
	258.75

	M
	36.639
	281.25

	N
	36.639
	303.75

	O
	36.639
	326.25

	P
	36.639
	348.75


[image: image9.wmf]
Figure 3.2.2.3.2.1-1  ACBM/PCBM Interface plane Attachment Bolt Locations
3.2.2.3.2.2 On-Orbit Thermally Induced Loads Spectra
The BEAM to Node 3 interface shall withstand the thermally induced structural loads due to the maximum on-orbit temperature difference across the ACBM to PCBM interface or the loads specified in Table 3.2.2.3.2.2-1, On-Orbit Thermally Induced Structural Loads, when cycled fully reversible according to the loads spectra of Table 3.2.2.3.2.2-2, On-Orbit Thermally Induced Loads Spectrum, about the mean berthing loads of Table 3.2.2.3.2.2-3, On-Orbit Thermally Induced Mean Berthing Loads.
	Table 3.2.2.3.2.2-1  ON−ORBIT THERMALLY INDUCED STRUCTURAL LOADS

	On−orbit Thermal Loads
	Case 1
	Case 2
	Case 3
	Case 4

	Frad (Radial, Positive Outboard, lb)
	+2,000
	+2,000
	-2,000
	-2,000

	Mtang (Tangential, in−lb)
	+680
	+680
	-680
	-680

	Axial (Zref, lb)
	
	
	
	

	Bolt Position 1
	-205
	205
	-205
	205

	Bolt Position 2
	810
	-810
	810
	-810

	Bolt Position 3
	-900
	900
	-900
	900

	Bolt Position 4
	215
	-215
	215
	-215

	Bolt Position 5
	-320
	320
	-320
	320

	Bolt Position 6
	280
	-280
	280
	-280

	Bolt Position 7
	-680
	680
	-680
	680

	Bolt Position 8
	975
	-975
	975
	-975

	Bolt Position 9
	-430
	430
	-430
	430

	Bolt Position 10 
	260
	-260
	260
	-260

	Bolt Position 11
	370
	-370
	370
	-370

	Bolt Position 12
	-330
	330
	-330
	330

	Bolt Position 13
	-290
	290
	-290
	290

	Bolt Position 14
	-780
	780
	-780
	780

	Bolt Position 15
	815
	-815
	815
	-815

	Bolt Position 16
	220
	-220
	220
	-220

	Notes:

(1) The load case is to be applied that maximizes internal loads in the structure.

(2) The radial shear and tangential moment loads are to be applied at each of the ACBM to PCBM powerbolt attachment locations, simultaneously, resulting in zero net shear and moment loads at the interface plane. The powerbolt attachment locations are identified in Table 3.2.2.3.2.1−2 and Figure 3.2.2.3.2.1−1.

(3) The axial loads are to be combined with the shear and moment loads at each of the powerbolt locations of Table 3.2.2.3.2.1−2. The axial loads are to be applied simultaneously and sequentially at the powerbolt clock angle, achieved by clocking both clockwise and counterclockwise, that maximizes internal element loads.


	Table 3.2.2.3.2.2-2  ON−ORBIT THERMALLY INDUCED LOADS SPECTRUM

	Load Spectrum

	Amplitude Tier (percentage)
	Cycle Count

	90 – 100
	150

	80 – 90
	250

	70 – 80
	500

	60 – 70
	5,000

	50 – 60
	50,000

	40 – 50
	30,000

	30 – 40
	20,000

	20 – 30
	5,100

	10 – 20
	0

	0 – 10
	0


	Table 3.2.2.3.2.2-3  ON−ORBIT THERMALLY INDUCED MEAN BERTHING LOADS

	
	Case 1
	Case 2

	Frad (Radial, Positive Outboard, lb)
	+13,500
	-13,500

	Mtang (Tangential, in−lb)
	+4,600
	-4,600

	Notes:

(1) The load case is to be applied that maximizes internal loads in the structure.

(2) The radial shear and tangential moment loads are to be applied at each of the ACBM to PCBM powerbolt attachment locations, simultaneously, resulting in zero net shear and moment loads at the interface plane. The powerbolt attachment locations are identified in Table 3.2.2.3.2.1−2 and Figure 3.2.2.3.2.1−1.


3.2.2.4 Hatch Properties

The BEAM hatch shall sustain a differential pressure of 15.2 psid in both directions with margins of Safety as defined in SSP 30559 Table 3.3.1-1.
3.2.2.5 cbcs Requirements
The BEAM shall have the following properties such that it will support proper target installation:

A. The BEAM passive CBM berthed to the ISS active CBM via the SSRMS shall accommodate the NASA-provided CBCS target, part number SEG 33112764-301.
B. See paragraph 3.2.1.3 for the CBCS Target viewing stay-out envelope.

C. The BEAM shall provide a hatch mounting interface for the CBCS target, P/N SEG 33112764-301 that:

1. Provides a surface for target installation such that the entire target is contained within the attachment surface.

a. No edge of CBCS target may protrude past a BEAM surface edge.

2. Provides a surface for target installation such that there are no voids between CBCS target and BEAM attachment surface.

3. Provide a target attachment surface is flat such that the CBCS target is not required to bend for full adhesive surface contact. 

4. Provide a CBCS target mating surface that is compatible with CBCS target adhesive stipulated for use in drawing SEG33112764 Rev A.

D. Clocking – The target with respect to the CBM mating interface plane shall be clocked per Figure 3.2.2.5-1, CBCS Target Clocking, and as shown in Figure 3.2.2.5-2, CBCS Target Orientation.

E. The BEAM shall provide a reflective surface compatible with the CBCS and approved for ISS materials usage.  Bigelow will provide a flight equivalent reflective surface to NASA Engineering for CBCS compatibility testing and approval.
Note:
NASA approved flight materials such as Makrolon AR polycarbonate is commercially available for this application. 
F. To prevent on-orbit sun and incident light reflections from bouncing back through the BEAM provided reflective surface material as defined in 3.2.2.5 (E), the BEAM shall coat or paint the hatch area located behind the reflective surface material flat black if there is no window collocated with the CBCS reflective surface material.

G. The BEAM shall install the CBCS target and reflective surface pane relative to the CBM mounting interface plane with a Roll angle less than 0.065 degrees, a Wobble angle less than 0.045 degrees, and a lateral/radial misalignment of less than 0.063 inches.
H. The BEAM shall locate the CBCS target relative to the CBM mating interface plane for on-orbit berthing within the following requirements, considering the mechanical tolerances of the mounting and the launch/on-orbit environmental effects in the notes below.  This is a combination of the as-installed position of the target from requirement G, plus the movement from that installed position due to mechanical tolerances, launch effects, and on-orbit environmental effects.
1. The CBCS Wobble cue plate angle is 0.000 degrees with respect to the CBM, within a tolerance of less than or equal to 0.71 degrees.
2. The CBCS target center point (the intersection of the Hatch Y and Z axes) shall be coincident with the CBM center with a lateral (radial) offset of 0.000 inches within a tolerance of less than 0.63 inches.
3. The CBCS target mounting interface plane shall be 14.50 +/- 0.50 inches from the CBM to CBM mating interface plane in the negative X direction of the BEAM Coordinate Frame.
4. The CBCS wobble cue reflective surface shall be 14.5 +1.0/- 0.50 inches from the CBM to CBM mating interface plane in the negative X direction of the BEAM Coordinate Frame and in no way cover, impede or interfere with the CBCS target reflective tape elements.

5. The CBCS target Roll angle shall be 0.000 deg with respect to the CBM, within a tolerance of less than or equal to 0.55 degrees.

Notes:

a. Tolerances include effects resulting from launch loads, the on-orbit thermal and pressure environment and installation measurement errors.

b. The Hatch Coordinate Frame, is defined as follows: The X-axis of the hatch is defined as the direction perpendicular to the plane defined by the hatch opening.  The positive X direction points from the interior of the vehicle to the PCBM.  The intersection of the Y and Z axes is defined as the center of the hatch, with Y-Z plane flush with the exterior surface of the center of the hatch.  The Z-Axis is perpendicular to the X-axis and pointing in the same direction as the Z-axis of the CBM.  The coordinate frame for BEAM shall be reconciled with this standard definition to meet the CBCS requirements listed above.

c. The Wobble angle is defined as the angle between Hatch and PCBM X-axes.  Lateral is defined as the Root-Sum-Square (RSS) combination of the Y-Z hatch cover coordinates expressed in the CBM Coordinate System.  Roll is defined as the rotation of the hatch cover about the PCBM X-axis.  The coordinate frame for BEAM shall be reconciled with this standard definition to meet the requirements for CBCS detailed above.
I. The Hatch Cover is located as shown in Figure 3.2.2.5-3, Hatch Cover Location.

[image: image10]
figure 3.2.2.5-1  CBCS Target clocking

[image: image11]
FIgure 3.2.2.5-2  CBCS Target Orientation
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Figure 3.2.2.5-3  Hatch Cover Location

3.2.3 Environmental Control and Life Support System (ECLSS) Interfaces

3.2.3.1 Receive Intermodule Atmosphere
The BEAM will receive intermodule atmosphere from Node 3.
3.2.3.1.1 Intermodule Atmosphere Receive Characteristics
3.2.3.1.1.1 Intermodule Atmosphere Receive Temperature
The BEAM will receive intermodule air from Node 3 at a temperature range of 65 to 81 °F (18.3 to 27.2 °C).

3.2.3.1.1.2 Intermodule Atmosphere Supply and Receive Pressure
The maximum pressure loss in the Intermodule Ventilation (IMV) valve ducting (supply from Node 3 to BEAM and return from BEAM to Node 3) on the BEAM side of the Node 3 to BEAM interface (including the IMV jumpers) shall not exceed 0.44 inches of water (109.6 Pa) at a minimum flow rate of 135 Cubic Feet per Minute (CFM) (3.8 m3/min).

3.2.3.1.1.3 Intermodule Atmosphere Receive Rate
A. The BEAM shall receive a minimum flow rate of 135 CFM (3.8 m3/min) of intermodule air from Node 3 during normal operation with both the Node 3 BEAM Hatches Open.

B. The BEAM shall receive a minimum flow rate of 120 CFM of intermodule air from Node 3 during nominal closed hatch flow operations.

3.2.3.1.1.4 Intermodule Atmosphere Receive Humidity
The BEAM will receive intermodule atmosphere with a dew point between 40 to 60 °F (4.5 to 15.6 °C).

3.2.3.2 Return Intermodule Atmosphere
The BEAM will return intermodule air to Node 3 during open and closed Node 3 hatch operations.
3.2.3.2.1 Intermodule Atmosphere Return Characteristics
3.2.3.2.1.1 Intermodule Atmosphere Return Temperature
The BEAM shall return intermodule air to Node 3 at a temperature range of 65 to 86 °F (18.3 to 30.0 °C).  The temperature of the air supplied by the BEAM to Node 3 shall be, at a minimum, 5 °F greater than the dew point.

3.2.3.2.1.2 Intermodule Atmosphere Return Pressure
Not Applicable.
3.2.3.2.1.3 Intermodule Atmosphere Return Rate
A. The BEAM shall return a minimum flow rate of 135 CFM (3.8 m3/min) of intermodule air to Node 3 for normal operation with both the Node 3 and BEAM Hatches Open.

B. The BEAM shall return a minimum flow rate of 120 CFM of intermodule air to Node 3 during nominal closed hatch flow operations.

3.2.3.2.1.4 Intermodule Atmosphere Return Humidity
The BEAM shall return intermodule atmosphere with a dew point between 40 to 60 °F (4.5 to 15.6 °C).

3.2.3.2.1.5 Intermodule Atmosphere Heat load
The BEAM shall return a maximum sensible heat load of +220W exchanged through the intermodule atmosphere interface.

3.2.3.3 Intermodule Duct Requirements

3.2.3.3.1 Intermodule Duct Strength

The intermodule ducts shall be able to withstand a delta pressure of +/- 15.2 psid including Safety Factors as required in SSP 30559.
3.2.3.3.2 Intermodule Vent Details

The intermodule air interfaces between Node 3 and the BEAM consist of flexible ducts connected at the Node 3 bulkhead.  The fluid interfaces consist of an IMV supply air duct from Node 3 to the BEAM and a return air duct from the BEAM to Node 3.  The details are shown in Figure 3.2.3.3.2-1, Interface Detail for IMV Supply - Node 3 Side, and Figure 3.2.3.3.2-2, Interface Detail for IMV Return - Node 3 Side.  The vent locations are shown in Table 3.2.3.3.2-1, IMV Duct Locations.  IMV vent ducting shall be made from SAE AS1504, Hose, Air Duct, Flexible, Helical, Nonmetallic Wire, Supported (Exposed), Self Extinguishing, type ducting.
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Figure 3.2.3.3.2-1  INTERFACE DETAIL FOR IMV SUPPLY - NODE 3 SIDE
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Figure 3.2.3.3.2-2  INTERFACE DETAIL FOR IMV RETURN - NODE 3 SIDE

	Table 3.2.3.3.2-1  IMV Duct locations

	Hole Ref.
	Node Location
	Function
	Penetration Detail
	

	
	X
	Y
	
	
	Node 3 Feedthrough
	BEAM Connector

	A4
	-32.12
	0.00
	IMV Supply
	See Figure 3.2.3.3.2-1
	N/A
	MS27115–21R

	A11
	32.12
	0.00
	IMV Return
	See Figure 3.2.3.3.2-2
	N/A
	N/A


3.2.3.4 BEAM Leakage Rate

The BEAM total pressurized volume leakage rate shall not exceed 0.022 lbs/day (0.01 kg/day) of ISS atmospheric gases at 14.7 psid (760 mmHg) on-orbit mated to ISS.
Note:  These numbers do not include leakage rates for the ACBM to PCBM interface defined in SSP 41148, Part 1, paragraph 3.2.1.2.2.

3.2.3.5 BEAM ATMOSPHERIC Composition

The BEAM atmosphere shall be in accordance with SSP 30573, Space Station Program Fluid Procurement and Use Control Specification, Table 4.1-2.2, Option 1, at inflation.
3.2.3.6 BEAM Bulkhead Properties

3.2.3.6.1 Feedthroughs

A. All BEAM bulkhead electrical and fluid line feedthroughs shall have two seals and be sealed such that they withstand a vestibule pressure of 15.2 psid with margins of safety as defined in SSP 30559, Table 3.3.1-1.
B. BEAM bulkhead feedthroughs with seals less than 6 inches in diameter shall have a leakage rate no greater than 1.9*E-04 sccs Helium.  Seal redundancy and proper seal installation for such feedthroughs shall be verified prior to launch.  For BEAM bulkhead feedthroughs with seals greater than 6 inches in diameter, each seal shall be verified prior to launch and have a leakage rate no greater than 1.0*E-03 sccs Helium.
C. BEAM bulkhead feedthrough seal materials shall be selected to operate within design parameters for the entire 2 year life of the BEAM, after anticipated storage time not to exceed 2 years, or be replaceable by on-orbit maintenance.

3.2.3.7 BEAM Internal Properties

3.2.3.7.1 Circulate Atmosphere Intramodule
The air velocity through 2/3 of the internal cabin habitable volume greater than the layer 6 inches (150mm) from the cabin aisleway surfaces shall be between 10ft/min (0.051m/s) and 40ft/min (0.203m/s).  To avoid pockets of stagnant air, air velocities outside the layer 6in (150mm) from the cabin aisleway surfaces averaging less than 7ft/min (0.036m/s) shall not sum to equal a volume larger than 5% of the total internal cabin volume.
3.2.4 Electrical Interfaces
3.2.4.1 Power Interfaces

3.2.4.1.1 Provided Power
A. Node 3 will provide 600 watts maximum, of 120 volt Direct Current (DC) power, to the BEAM, in accordance with SSP 30482, Electrical Power Specifications and Standards Volume 1: EPS Electrical Performance Specifications, for Interface C.  The Node 3 aft bulkhead penetration details are shown in Table 3.2.4.1.1-1, Node 3 Bulkhead Penetration Details.  This power is only being temporarily provided during the BEAM activation phase.
B. The Source Impedance of the power supplied at J90 is as shown in SSP 30482, Volume 1, Figures 3.1.4.1.6.1-1 through 3.1.4.1.6.2-12.  Exact source impedance, once the power path is known, will be shown in Figure 3.2.4.1.1-2, J90 Power Source Impedance. 
	Table 3.2.4.1.1-1  Node 3 Bulkhead Penetration Details

	Hole Reference
	Node Element Hole Location
	Function
	Penetration Details
	Feedthrough Part Number

	Node 3
	X inches
	Y inches
	
	
	Node 3

	J90
	-31.95
	-10.35
	Power 1/4
	See Figure 3.2.4.1.1-1
	NATC77H25LN7PPN

	J98
	31.95
	10.35
	Power 2/3
	
	NATC77H25LN7PPN
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FIgure 3.2.4.1.1-1  Penetration Details

[image: image15]
figure 3.2.4.1.1-2  J90 power Source impedance

3.2.4.1.2 BEAM User Constraints

A. The BEAM shall comply with the requirements of SSP 52051, User Electric Power Specifications and Standards, Volume 1: 120 Volt DC Loads, Sections 3.2 and 3.3 for interface C for the Electrical Power Consuming Equipment interfacing with the ISS.
B. The BEAM shall have stated performance and satisfy stated constraints when provided Interface C Normal Power as specified in section 3.3.1.3 of SSP 52051, Volume 1.

C. The BEAM shall not sustain damage under abnormal power conditions.  Abnormal power condition are defined as satisfying the requirements of SSP 52051, Volume 1, section 3.3.1.4.

D. 28 Volt DC Power Consuming Equipment shall be in accordance with the requirements of SSP 52051, User Electric Power Specifications and Standards Volume 2: Multi-Segment, Portable, 28 Volt DC Equipment.
E. The BEAM Power Consuming Equipment shall use no more than 600 watts of 120 volt DC power for the activation phase only.  After the activation phase, BEAM shall not require ISS power. 

F. The vestibule jumper power cable between the Node 3 Bulkhead and the BEAM electrical switch box shall conform to SSP 30242, Space Station Cable/Wire Design and Control Requirements for Electromagnetic Compatibility. 

G. The Power cable shall conform to SSQ 21652, Wire, Electric, Silicon-Insulated, Nickel-Coated Copper, Space Quality, General Specification for.
H. The interface characteristics for electrical connectors shall be in accordance with SSQ 21635, Connectors and Accessories, Electrical, Circular, Miniature, IVA/EVA Compatible, Space Quality, General Specification for.
I. Power Consuming Equipment Load Impedance shall not exceed the limits shown in SSP 52051, Volume 1, Figures 3.2.3.5-5 and 3.2.3.5-6.  Exact Load Impedance, once known, will be shown in Figure 3.2.4.1.2-1, BEAM Load Impedance. 
J. Wire and Cable Derating - The wire and cable from the power supply to the Activation Unit shall be derated to the requirements in SSP 30312, Volume I, Electrical, Electronic, and Electromechanical (EEE) Parts Management and Implementation Plan for the Space Station, Appendix B, Table 2B and paragraph B3.5.2.1.1.

K. Overcurrent Protection - Overcurrent protection at the input to the Activation unit shall be derated to SSP 30312, Volume I, Appendix B, paragraph B.3.4.1.


[image: image16]
FIgure 3.2.4.1.2-1  BEAM Load Impedance

3.2.4.1.3 Grounding
The grounding requirements for the Node 3 Aft Port to BEAM interface shall be in accordance with SSP 30240, Space Station Grounding Requirements.

3.2.4.1.4 Shielding

Shields shall be terminated at the interface directly to structure or chassis, through connector backshells or direct wire connection per the methodology specified in SSP 30242, paragraph 3.2.2.4.
3.2.4.1.5 BEAM Connectors and Pin Assignments

The Electrical Power connector and pin assignments shall be as shown in Figure 3.2.4.1.5-1, Detailed Description of Node 3 Aft Bulkhead J90 and Figure 3.2.4.1.5-2, Detailed Description of Node 3 Aft Bulkhead J98.  J98 is available, but not designated to be used.
[image: image59.png]Permissible Material Temperature Tpy (°C)

10

20

30

-0

50

-90

100

Cold Touch Temperature Limits

-

|

N

10

20

30

4 50 6 70 80
(kpe) 2 (cm?*Cs/cal)

1second
—— 10seconds
—— 30seconds
——60seconds

InfiniteTime
AL6OBIT-6
Stainless Steel

Glass
— —Teflon





[image: image17]
	Pin ID
	Node 3 to BEAM connectivity
	EMC Class
	AWG

	
	J90 Function
	P90 Function
	
	

	A
	Power 
	Power 
	EO
	8

	B
	Power Return
	Power Return
	EO
	8

	G
	Fault Return
	Fault Return
	EO
	8

	C
	Not Used
	Not Used
	N/A
	8

	D
	Not Used
	Not Used
	N/A
	8

	E
	Not Used
	Not Used
	N/A
	8

	F
	Not Used
	Not Used
	N/A
	8


Figure 3.2.4.1.5-1  Detailed Description of Node 3 Aft Bulkhead J90

[image: image18]
	Pin ID
	Node 3 to BEAM connectivity
	EMC Class
	AWG

	
	J98 Function
	P98 Function
	
	

	A
	Power 
	Power 
	EO
	8

	B
	Power Return
	Power Return
	EO
	8

	G
	Fault Return
	Fault Return
	EO
	8

	C
	Not Used
	Not Used
	N/A
	8

	D
	Not Used
	Not Used
	N/A
	8

	E
	Not Used
	Not Used
	N/A
	8

	F
	Not Used
	Not Used
	N/A
	8


Figure 3.2.4.1.5-2  Detailed Description of Node 3 Aft Bulkhead J98
3.2.4.1.6 Electrical Bonding

A. Electrical bonding of the vestibule area of the BEAM shall be in accordance with the requirements of SSP 30245, Space Station Electrical Bonding Requirements, for a Class R electrical bond.
B. Electrical bonding of the remaining interior and exterior of BEAM shall be in accordance with the requirements of SSP 30245 for a Class S bond.  Note that this includes bonding required for composite materials, multilayer insulation, and plumbing of fluid lines. 
3.2.4.1.7 Electromagnetic Interference Safety Margins for Critical Circuits
The BEAM circuits implementing critical functions such that incorrect operations due to Electromagnetic Interference (EMI) could result in loss of life or loss of ISS shall meet the requirements of SSP 30243, Space Station Requirements for Electromagnetic Compatibility, paragraph 3.2.3.

3.2.4.1.8 Electroexplosive Devices
The BEAM shall meet the requirements of SSP 30243, paragraph 3.2.10 to protect Electro-explosive Devices from inadvertent ignition or duding caused by any form of electromagnetic or electrostatic energy with the following exception to MIL STD-1576, Electro-explosive Subsystem Safety Requirements and Test Methods for Space Systems, paragraph 5.12.3.1.e, unconnected (unpowered) launch elements may use resistors with values less than 100 ohms or relay contacts to short the NASA Standard Initiator (NSI) leads.

3.2.4.2 Data Interfaces
3.2.4.2.1 BEAM Data

A. The BEAM components interfacing with a Space Station Computer (SSC) laptop shall be certified via an OD Interface Certification Letter and listed in the NASA-managed Government Certification Acceptance Request.
B. BEAM data format shall be as follows:

1. The BEAM shall use the word/byte notations as specified in paragraph 3.1.1, Notations in SSP 52050, International Standard Payload Rack to International Space Station, Software Interface Control Document Part 1.

2. The BEAM data transmission on Medium Rate Data Link (MRDL) shall use the data transmission order in accordance with paragraph 3.3.3.1, Transmission Order in SSP 52050.

3. The BEAM will use the Consultative Committee for Space Data Systems (CCSDS) standards for Space to Ground and Ground to Space data and time requirements as specified in this section.

4. BEAM data that is space to ground shall be either CCSDS Data Packets or CCSDS Bitstream.

5. BEAM data packets shall be developed in accordance with paragraph 3.1.3 of SSP 52050.  Integrated racks CCSDS data packets consist of a primary header and a secondary header followed by the data field.

6. BEAM shall develop a CCSDS primary header in accordance with paragraph 3.1.3.1 CCSDS Primary Header Format of SSP 52050.

7. BEAM shall develop a CCSDS secondary header in accordance with paragraph 3.1.3.2, CCSDS Secondary Header Format of SSP 52050.

8. The BEAM CCSDS data field shall contain the integrated rack data from the transmitting application to the receiving application, and the CCSDS checksum in accordance with paragraph 3.1 and subparagraphs, Data Formats and Standards, of SSP 52050.

9. BEAM bitstream data shall be developed in accordance with paragraph 2.3.2.3, Bitstream Service of CCSDS 701.0-B-2, Advanced Orbiting Systems, Networks and Data Links: Architectural Specification.

10. The CCSDS Application Process Identification (APID) will be used for routing data packets as described in paragraph 3.3.2.1.3, APID routing, of SSP 41175-02, Software Interface Control Document Station Management and Control to International Space Station Book 2, General Software Interface Requirements.  The format of APIDs is shown in Table 3.3.2.1.1-1, CCSDS Primary Header Field Definitions, of SSP 41175-02.

11. BEAM shall use CCSDS Unsegmented time Code (CUC) in the secondary header as specified in paragraph 2.2, CCSDS CUC, of CCSDS 301.0-B-2, Time Code Formats.

12. Payloads that have an interface with the MRDL are defined to be “user devices” connected to the Integrated Station Local Area Network (LAN)/Joint Station LAN (ISL/JSL) and will be evaluated by the ISL/JSL team to assure compatibility with the ISL/JSL infrastructure devices.  ISL/JSL infrastructure devices related to payload operations include the improved Payload Ethernet Hub Gateway and ISL Edge Routers.  A payload is considered to have an ISL/JSL interface if the payload device has a direct connection to an ISL/JSL infrastructure device, relies on communications protocols and routing capabilities of the ISL/JSL infrastructure devices to transport data, or incorporates an internal Ethernet switch, hub or repeater that can affect network operation.

13. BEAM shall conform to ISO/IEC 8802-3, Information technology - Local and metropolitan area networks- Part 3: Carrier sense multiple access with collision detection (CSMA/CD) access method and physical layer specifications, 10BaseT protocol in accordance with paragraph 3.3, Medium Rate Data Link of SSP 52050.

14. BEAM sending data to the ground through the United States On-orbit Segment Space to Ground Link shall use the CCSDS protocol and gateway protocol in paragraph 3.3.4, Gateway Protocol and 3.3.3.7, Length in SSP 52050.

15. BEAM shall meet the electrical characteristics of MRDL in accordance with ISO/IEC 8802-3 with the following exceptions:  IEC 60060-1 High-Voltage Test Techniques - Part 1: General Definitions and Test Requirements, and IEC 60950-1, Information Technology Equipment - Safety Requirements, Part 1, General Requirements.

16. The BEAM MRDL cable shall meet cable standards as defined in Table 3.2.4.2.1-1, Cable Characteristics.
	Table 3.2.4.2.1-1  Cable Characteristics

	Characteristic
	Parameter

	Characteristic Impedance
	100 10 Ohm 

	Cable Size
	22 AWG

	Type of Cable
	Twisted Shielded Pair SSQ 21655 or Equivalent

	Nominal wire-to-wire Capacitance
	45 pF/m

	Max Cable Length
	5 m


C. Primary BEAM data shall be retrievable via two Coax feedthrough connectors on the BEAM forward bulkhead.  The Coax port details are shown in Figure 3.2.4.2.1-1, COAX Feedthrough Port Details.

[image: image19]
Figure 3.2.4.2.1-1  Coax Feedthrough Port Details

D. Radiation BEAM data shall be retrievable via a USB, Standard A, port.  This will have to be converted to an approved Space Station Qualified feed-through at the bulkhead.  The port details are shown in Figure 3.2.4.2.1-2, USB Feedthrough Port Details.

[image: image20]
Figure 3.2.4.2.1-2  USB Feedthrough Port Details
E. BEAM Radio Frequency (RF) radiating and/or receiving devices shall be approved and certified by the NASA Johnson Space Center (JSC) Frequency Spectrum Manager for the use of a specified frequency band.  Approval/certification can be obtained via electronic submittal through the JSC Frequency Management Home Page, http://ea.jsc.nasa.gov/webapp/fmdb/login.asp.
Note:
It is recommended that the intentional radiating and receiving certification be approved prior to Preliminary Design Review (PDR).
F. BEAM shall provide two seat buttons, part number SDG33113896-801, on the forward bulkhead to be used to attach a laptop.  One is to be on the vestibule side and one to be on the inside of BEAM.  The locations are shown in Figure 3.2.4.2.1-3, Vestibule Seat Track Button Location, and Figure 3.2.4.2.1-4, BEAM Seat Track Button Location. 


[image: image21]
Figure 3.2.4.2.1-3  Vestibule Seat Track Button Location
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Figure 3.2.4.2.1-4  BEAM Seat Track Button Location

3.2.4.2.2 ISS Data

A. The BEAM shall provide BEAM internal temperature and pressure data to the ISS via <TBD-38> connectors on the BEAM bulkhead.  The implementation of this is shown in Figure 3.2.4.2.2-1, Details, Temperature and Pressure Data.

B. The BEAM shall provide a second pressure data reading for one fault tolerance.
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Figure 3.2.4.2.2-1  Details, temperature and Pressure Data
3.2.5 Passive Thermal Control Interfaces

3.2.5.1 Passive Interface Temperature

A. For BEAM/Node-3 attachment operations the temperature of the berthed BEAM PCBM, at the Node-3 ACBM structural interface, shall be within the prescribed temperatures defined in Figure 3.2.5.1-1, Allowable CBM Temperature Range, during berthing.

B. The berthed BEAM shall ensure that the PCBM and vestibule surfaces are above +40 deg F (+4.4 deg C) (lower touch temperature limit) prior to mated volume pressurization.  If the surfaces are less than +60 deg F (+15.6 deg C) during vestibule pressurization, the berthed BEAM shall ensure that the PCBM and vestibule surfaces reach +60 deg F (+15.6 deg C) within 72 hours to preclude the presence of any condensation.
C. The temperature of the berthed BEAM vehicle PCBM, at the ACBM structural interface shall be maintained within a minimum of +60 deg F (+15.6 deg C) and a maximum of +113 deg F (+45 deg C) for the remainder of the mated phase without relying on heat transfer across the ACBM/PCBM interface or radiation heat transfer with the Node 3.
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Figure 3.2.5.1-1  Allowable CBM Temperature Range

3.2.5.2 Conductive Heat Transfer

The berthed BEAM shall be designed such that no dependence on conductive heat transfer with the ISS exists to maintain thermal conditioning of the BEAM.
3.2.6 Extravehicular Robotics (evr) Interfaces
A. The BEAM shall have two FRGFs.
B. The BEAM shall be within the robotic payload properties of Table 3.2.6-1, Mobile Servicing System Robotic Payload Properties, in all conditions of packed, inflated, and deflated.
	Table 3.2.6-1  Mobile Servicing system robotic payload properties

	Maximum Payload Mass
lbm
(kg)
	Maximum
Inertia (1) x 1,000
lbm-ft2
(kg-m2)
	Maximum CG Offset (2) (4)
ft
(m)
	Maximum Diameter
ft
(m)
	Maximum Length
ft
(m)
	Minimum Frequency (3)
Hz

	46,077
(20,900)
	10,678
(450)
	24
(7.3)
	50
(15.2)
	50
(15.2)
	0.18

	Notes:

(1)
Moments of inertia are expressed about the payload CG in the payload principal axes and about any axis.

(2)
Vector from the origin of End Effector Operating Coordinate System (EEOCS) as defined in SSP 30219, Figure 8.0-7, to payload center of gravity, expressed in EEOCS.

(3)
Minimum payload frequency, assuming that the grapple fixture is held rigid.

(4)
SSRMS maneuverability and velocity increases as robotic payload CG offset is reduced, the robotic payload CG offset should be minimized.


C. The BEAM requiring SSRMS manipulation within 1 ft of fixed structure may be subjected to contact with the fixed structure.  The BEAM element hardware within 1 ft of fixed structure shall be designed to meet performance requirements that could affect safety and functionality of ISS after being subjected to contact energy defined as a function of the SSRMS-manipulated mass according to the relationship:  Contact energy (joules) = 0.4 + mass (Kg) / 4250.  If the BEAM is held by the SSRMS-based Special Purpose Dexterous Manipulator (SPDM) during SSRMS manipulation, the energy calculation shall include the mass of the fully-loaded SPDM (2310 Kg) in addition to the BEAM element mass.
D. The BEAM not using the SSRMS programmable force/moment accommodation capability, shall provide capture, berthing, and closure drive capability to overcome the backdrive thresholds (static friction) defined in Table 3.2.6-2, SSRMS Backdrive Threshold, and complete the closure of the capture and berthing operation when the SSRMS is limp per Note (1) of the table.
	Table 3.2.6-2  SSRMS backdrive threshold

	Maximum Force (1) (2)
	49.458 lbf (220N)

	Maximum Moment (1) (3)
	147.512 ft-lbf (200 Nm)

	Notes:

(1)
The SSRMS will back drive when the forces and moments applied by the robotic payload to the tip of the SSRMS reach the values shown in this table, when the SSRMS is in limp mode (no motor drive current and the joint brakes are off) and the elbow joint angle is not less than 15 degrees from the straight arm configuration.

(2)
Force in any direction.

(3)
Moment about any axis.


E. The BEAM shall provide ready to latch indication to positively indicate when the two pieces of equipment are placed within the berthing mechanism’s capture envelope.
F. BEAM hardware located within 1 ft of equipment that is being robotically manipulated by the SSRMS may be subjected to contact by the manipulated equipment.  The BEAM hardware located within 1 ft of equipment that is being robotically manipulated by the SSRMS shall be designed to meet performance requirements that could affect safety and functionality of ISS after being subjected to contact energy defined as a function of the SSRMS-manipulated mass according to the relationship:

Contact energy (joules) = 0.4 + mass (Kg) / 4250.  If the manipulated hardware is held by the SSRMS-based SPDM during SSRMS manipulation, the energy calculation shall include the mass of the fully-loaded SPDM (2310 Kg) in addition to the manipulated hardware mass.
G. The BEAM shall be designed such that its needs for programmable backdrive after initial contact are within the SSRMS programmable force/moment accommodation capability of Table 3.2.6-3, Force/Moment Accommodation, when the SSRMS elbow joint angle is not less than 60 degrees from straight-arm configuration and the maximum distance between the grapple fixture and the berthing contact point is 14.76 ft (4.5 m).
H. The equipment (requiring SSRMS support) berthing mechanisms shall have a capture envelope larger than the SSRMS placement accuracy specified in Table 3.2.6-4, SSRMS Placement Accuracy, when using just the SSRMS, or when using the Automated Vision Function (AVF) aided SSRMS, larger than the AVF aided SSRMS placement accuracy.
	TAble 3.2.6-3  Force/moment accommodation

	Force (1) (2)
	

	Range
	30 N (6.74 lbf) to 445 N (100 lbf)

	Resolution
	5 N (1.1 lbf)

	Accuracy
	10 percent or 30 N (6.74 lbf), whichever is greater

	Moment (1) (3)
	

	Range
	15 Nm (11.061 ft-lbf) to 407 Nm (300 ft-lbf)

	Resolution
	2 Nm (1.47 ft-lbf)

	Accuracy
	10 percent or 15 Nm (11.061 ft-lbf), whichever is greater

	Notes:

(1)
The SSRMS will back drive when the forces and moments applied by the robotic payload to the tip of the SSRMS reach the values shown in this table, when the SSRMS is in limp mode (no motor drive current and the joint brakes are off) and the elbow joint angle is not less than 15 degrees from the straight arm configuration.

(2)
Force in any direction.

(3)
Moment about any axis.


	Table 3.2.6-4  SSRMS placement accuracy

	Position alignment
	

	Axial alignment
	maximum of 1.9 inch separation (4)

	Lateral alignment
	0.0 +/- 0.5 inch

	Angular alignment
	

	Roll, Pitch, and Yaw axis
	0.0 +/- 0.25 degrees

	Notes:

(1)
All misalignment conditions can occur simultaneously.

(2)
The measurement frame used for the conditions of this table has its origin on the Payload side of the mating interface in the center of the alignment guides and on the leading edge of the alignment guides.  The orientation of the measurement frame is such that the X axis is perpendicular to the mating interface.  Orientation of the Y and Z axes is arbitrary.

(3)
The unaided placement accuracy described applies when a trained operator is actively controlling the robotic payload with a nominally operating SSRMS, and the ISS RCS jets inactive.

(4)
Separation distance is between mating interface plane center to center.


I. The BEAM shall be capable of safely departing ISS with an impulse imparted by the SSRMS as defined in SSP 41167, Mobile Servicing System Segment Specification for the International Space Station Program, paragraph 3.7.1.3.1.1.4.
J. The BEAM shall not protrude within one foot of the Robotics stay out corridor as defined in Figure 3.2.6-1, Robotics Corridor.
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Figure 3.2.6-1  Robotics Corridor
K. The BEAM shall be within the mass properties, volume, and frequency limits of Table 3.2.6-5, Translation and Transport Requirements for POA, for translation by the SSRMS or POA located on the Mobile Servicing Center.  The translation in this section is defined as translating equipment along the Mobile Transporter (MT) rails driven by the MT.

	Table 3.2.6-5  tRANSLATION AND tRANSPORT REQUIREMENTS FOR poa

	BEAM
Location
	Robotic Parameters for Translating and Transport to the POA

	
	Max.
Mass
lbm
(kg)
	Maximum Inertia (1)
X 1,000
lbm-ft2
(kg-m2)
	Maximum
CG Offset (2)
ft
(m)
	Max.
Dia.
Ft
(m)
	Max.
Length
ft
(m)
	Min.
Freq(3)
(Hz)

	
	
	Ixx
	Iyy
	Izz
	CGx
	CGy
	CGz
	
	
	

	POA
	46.077

(20,900)
	1,305

(55)
	10,678

(450)
	10,678

(450)
	23

(7.0)
	7.5

(2.3)
	7.5

(2.3)
	15

(4.6)
	45

(13.7)
	0.18

	Notes:

(1) Moments of inertia are expressed about the payload CG in the BEAM principle axes.

(2) Vector from the origin of EEOCS as defined in SSP 30219, Figure 8.0-7, to BEAM CG, expressed in EEOCS.

(3) Minimum BEAM frequency, assuming that the grapple fixture is held rigid. 


L. The distance between the two FRGFs shall not exceed 16.4 ft (5 m).
3.2.6.1 Grapple Fixture Locations

A. The BEAM grapple fixtures shall be located in accordance with Figure 3.2.6.1-1, BEAM Grapple Fixtures Locations.
B. The BEAM provides a mounting interface for two grapple fixtures that positions the grapple fixture coordinate system origins at the locations and orientations specified in Table 3.2.6.1-1, BEAM Grapple Fixtures Locations and Orientations.
C. The BEAM grapple fixture mounting fixture interface shall meet other grapple fixture location requirements specified in SSP 42004, Mobile Servicing System (MSS) to User (Generic) Interface Control Document Part 1, and NSTS-21000-IDD-ISS, International Space Station Interface Definition Document, as applicable.

[image: image26]
Figure 3.2.6.1-1  BEAM grapple fixtures locations

	TABLE 3.2.6.1-1  BEAM GRAPPLE FIXTUREs LOCATIONS AND ORIENTATIONS
<TBD-21>

	Grapple
Fixture #
	Grapple Fixture
Type
	Grapple Fixture Locations
(inches) 1, 2
	Grapple Fixture Orientation
(Degrees) 1, 2, 3

	
	
	X
	Y
	Z
	Pitch
	Yaw
	Roll

	1
	FRGF
	
	
	
	
	
	

	2
	FRGF
	
	
	
	
	
	

	Notes:

1
The BEAM coordinate system is defined in paragraph 3.1.2.  The Grapple Fixture Coordinate System (GFCS) is defined in SSP 42004 Figure I3.1.2–1 for the FRGF.

2
Tolerances: ±0.25 inches and ±1.00 degrees with respect to the BEAM coordinate system.
3
Grapple Fixture Orientation is defined using the Euler sequence:

a)
BEAM Reference Coordinate System with respect to the GFCS.
b)
Pitch Grapple Fixture about GFCS Y–axis

c)
Yaw Grapple Fixture about GFCS Z–axis

d)
Roll Grapple Fixture about GFCS X–axis


3.2.6.2 FRGF Interfaces

A. Equipment requiring SSRMS support shall provide a clearance envelope around the FRGF as specified in SSP 42004, paragraph I3.2.2.1.

B. The user to FRGF mechanical interface and mounting requirements shall be as defined in SSP 42004, paragraph I3.2.2.2.

C. The FRGF to user interface shall meet all performance requirements after being subjected to the Mobile Remote Servicer Base System POA, SSRMS Load Limits, and SSRMS/SPDM Load Limits as defined in SSP 42004, paragraph I3.2.2.3.

D. Equipment requiring SSRMS support using an FRGF shall be able to withstand an impulse during grappling as specified in SSP 42004, paragraph I3.2.2.3.1.

E. Equipment requiring SSRMS support using an FRGF shall thermally interface with the FRGF using the nonconductive washers and bushings as shown in SSP 50808, International Space Station (ISS) to Commercial Orbital Transportation Services (COTS) Interface Requirements Document (IRD), Figure 3.3.8.2.4.1-1, FRGF Interface Parameters.

F. Equipment requiring SSRMS support shall maintain grapple fixture temperatures within the ranges shown in SSP 50808 Table 3.3.8.2.4.1-1, Flight Releasable Grapple Fixture Temperatures, in the column labeled “Operating”.

G. The user to FRGF electrical bonding shall be as defined in SSP 42004 paragraph I3.2.2.5.1.
3.2.7 eva Interfaces

Contingency EVA capability shall be provided for the following categories:

A.
EVA for Robotic End Effector Contingency Release (e.g. SSRMS Grapple Fixture contingency release)

B.
BEAM Contingency EVA to protect for the possibility of a BEAM failure resulting in an unsafe configuration that causes impacts to crew or vehicle operations in order to safe BEAM.
3.2.7.1 EVA Worksites
The BEAM shall establish external EVA worksites on the BEAM, as required to support external operations tasks for the control, tethering, and restraint of the crew and hardware.  A dedicated EVA worksite provides the capability to restrain the crewmember while performing a specified task.  A robotic assisted EVA worksite provides the capability for robotic crew transport and restraint.  A free-float EVA worksite provides the capability for an unrestrained crewmember to perform specified tasks.  Use of ISS worksites will be coordinated with the ISS Program.
3.2.7.1.1 External Task Location Requirements
All tasks to be performed by a crewmember wearing a pressurized suit at a dedicated worksite or a robotic assisted worksite, as specified in paragraph 3.2.7.1 EVA Worksites, shall be located per Figure 3.2.7.1.1-1, Crewmember Optimum Work Envelope.
[image: image27.wmf]
Figure 3.2.7.1.1-1  CREWMEMBER OPTIMUM WORK ENVELOPE
3.2.7.1.2 EVA Crewmember Field of View

EVA crewmember field of view- BEAM equipment, controls, displays, and markings required to be seen to perform EVA tasks shall be located within the field of view of the Extravehicular Mobility Unit as shown in Figure 3.2.7.1.2-1, Crewmember Field of View. 
[image: image28.wmf]
Figure 3.2.7.1.2-1  Crewmember Field of View
3.2.7.1.3 Working Volume

BEAM equipment to be EVA manipulated shall be located to provide the crewmember with the working volume as shown in Figure 3.2.7.1.3-1, Working Volume for Manipulative EVA Tasks.
[image: image29.wmf]
Figure 3.2.7.1.3-1  Working Volume for Manipulative EVA Tasks

3.2.7.1.3.1 Working Volume Height
The working volume envelope height shall be 82 inches or 2.1 meters.
3.2.7.1.4 Gloved Operation

For BEAM operations requiring EVA crewmember hand actuation, clearance shall be provided for an EVA gloved hand work envelope in accordance with Figure 3.2.7.1.4-1, Work Envelope for Gloved Hand.
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Figure 3.2.7.1.4-1  Work Envelope for Gloved Hand

3.2.7.1.5 Dedicated EVA Worksites

3.2.7.1.5.1 Criteria for Dedicated EVA Worksites

The BEAM shall establish dedicated EVA worksites at locations where any of the following conditions apply and robotic crew transport and restraint capability cannot be used due to kinematic or reach limitations:
(1)
Two–handed operations must be used.

(2)
Forces are required which exceed the following:

Linear Force

Duration

1.0 lbf.


4.5 sec

5.0 lbf.


2.1 sec

10.0 lbf.

1.4 sec

(3)
Tools must be used.

(4)
Objects for manipulation do not have a soft dock/soft capture mechanism to aid in installation.

Free-float worksites may be considered for operations where none of the above applies.
3.2.7.1.5.2 Dedicated EVA Worksite Provisions

Dedicated EVA worksites will consist of the following:
3.2.7.1.5.2.1 Translation Paths to the Worksites
The BEAM shall provide translation paths to the dedicated EVA worksite(s).
3.2.7.1.5.2.2 Dedicated EVA Worksite Tether Points

The BEAM shall provide local crew and equipment tether points.  Tether point requirements are specified in section 3.2.7.2.2, Tether Attachment Points.
3.2.7.1.5.2.3 Dedicated EVA Worksite Restraints and Handling Aids

The BEAM shall provide local restraints and handling aids.  EVA mobility aids requirements are specified in paragraph 3.2.7.2.
3.2.7.1.6 Robotic Assisted EVA Worksites

Robotic assisted EVA worksites may be utilized when the crew transport and restraint capability is within the kinematic and reach envelope of the manipulator.

If a robotic assisted worksite is utilized, the attached payload worksite location shall be within the kinematic and reach envelope of the manipulator utilized.
3.2.7.1.6.1 Robotic Assisted Worksite Provisions

Robotic assisted EVA worksites as a minimum will include the following:
3.2.7.1.6.1.1 Robotic Assisted Worksite Force Reaction Mechanism

EVA worksites requiring crew positioning when the SSRMS is stationary shall provide a force reaction mechanism independent of the robotic stabilization platform for EVA worksite operations requiring crew generated forces greater than 10 lbf.
3.2.7.1.6.1.2 Robotic Assisted Worksite Force Reaction Location

When required, the force reaction mechanism (e.g., handhold) shall be within 24 inches (61 cm) of the task site.
3.2.7.1.6.1.3 Robotic Assisted Worksite Tether Points

The BEAM shall provide local crew and equipment tether points.  Tether point requirements are specified in section 3.2.7.2.2, Tether Attachment Points.
3.2.7.1.7 Free-Float EVA Worksites

3.2.7.1.7.1 Free-FLoat Worksite Provisions
Free-float EVA worksites as a minimum will include the following:
3.2.7.1.7.1.1 Translation Paths to the Worksite

The BEAM shall provide translation paths to the free-floating EVA worksite.
3.2.7.1.7.1.2 Free-Float EVA Worksite Tether Points

The BEAM shall provide local crew and equipment tether points.  Tether point requirements are specified in section 3.2.7.2.2, Tether Attachment Points.
3.2.7.1.7.1.3 Free-Float EVA Worksite Restraints and Handling Aids

Attached payloads shall provide local restraints and handling aids.  EVA mobility aids requirements are specified in paragraph 3.2.7.2.
3.2.7.2 EVA Restraints and Mobility Aids
EVA aids for BEAM contingency operations are shown in Figure 3.2.7.2-1, BEAM EVA Aids Locations.

[image: image31]
Figure 3.2.7.2-1  BEAM EVA AIDS locations

3.2.7.2.1 EVA Handholds/Handrails
3.2.7.2.1.1 Translation Handhold/Handrail Locations

Handholds/handrails shall be located at terminal points and direction change points on established crew translation paths.
3.2.7.2.1.2 Translation Handhold/Handrail Orientation

Handholds/handrails to be used for translation paths shall be oriented such that the plane formed by the handhold longitudinal axis and the cross-major axis is parallel with the body torso frontal plane.
3.2.7.2.1.3 Equipment Accessibility

Translation and mobility handholds/handrails shall be positioned such that crew-operated equipment and consoles are accessible and are not obstructed visually or physically by the handholds.
3.2.7.2.1.4 EVA Handhold/Handrail Dimensions

EVA handhold and handrail dimensions shall conform to Figure 3.2.7.2.1.4-1, Standard EVA Handhold Dimensional Requirements. 
[image: image32.wmf]
Figure 3.2.7.2.1.4-1  Standard EVA Handhold Dimensional requirements

3.2.7.2.1.4.1 EVA Handhold/Handrail Clearance
The minimum clearance distance between the low surface of the handrail/handhold and the mounting surface shall be 5.7 cm (2.25 in.).
3.2.7.2.1.4.2 Handhold/Handrail Grip Length

The minimum grip length for handholds/handrails shall be 15.24 cm (6.0 inches).
3.2.7.2.1.4.3 EVA Handhold/Handrail Clearance Envelope

A 4 in. radial EVA clearance envelope shall exist around each of the handholds/handrails as shown in Figure 3.2.7.2.1.4.3-1, EVA Handhold/Handrail Clearance Envelope.
Note: The references in SSP 30256:001, Extravehicular Activity (EVA) Standard Interface Control Document, address EVA Handrails used as “Translation Aids” and EVA Handrails used as “Handling Aids”.
[image: image33.png]4.4 Glove and TetherHook Radius

O

<« 36.0GloveandTetherHook Clearance >
e 28.0Handrail N

/]\

2.25MIN

\’





Figure 3.2.7.2.1.4.3-1  EVA Handhold/Handrail Clearance Envelope

3.2.7.2.1.5 Handhold/Handrail Structural Loading
A.
EVA handholds/handrails for translation, mobility, and safety tethering shall be yellow and meet the structural requirements defined in SSP 30256:001 paragraphs 3.6.1.3.1 and 3.6.5.3.1.
B.
EVA handles that do not meet the loads of 3.2.7.2.1.5.A shall be clear anodized and meet the loads defined in SSP 30256:001 paragraph 3.6.2.

Note:
EVA handles may be used on loose equipment (e.g., ORU) but are required to be clear anodized to indicate that they are not rated for crew translation, mobility, or safety tethering.
3.2.7.2.1.6 Handhold/Handrail Electrical Bonding

The handrail/handhold to attached payload interface shall satisfy a class S bond per SSP 30245, as specified in SSP 30256:001, Figures 3.6.1.4.1-1 through 3.6.1.4.1-8.

Note:
Figure 3.6.1.4.1-2 shows an alternate bonding surface for top mounted handrails/handholds.
3.2.7.2.1.7 Handhold/Handrail Spacing for Worksites

3.2.7.2.1.7.1 Spacing for Worksites - Above or Below

Crew mobility aids or grasp points shall be placed within 18 inches above or below the center of the crewmember’s optimum two-handed work envelope as shown in Figure 3.2.7.1.1-1, when working in a foot restraint position.
3.2.7.2.1.7.2 Spacing for Worksites - Left or Right

Crew mobility aids shall be placed within 24 inches to the left or right of the body centerline as shown in Figure 3.2.7.1.1-1, when working in a foot restraint position.
3.2.7.2.2 Tether Attachment Points

3.2.7.2.2.1 EVA Handhold/Handrail Safety Tether Hooks
EVA handrails/handholds shall accommodate safety tether hooks.
3.2.7.2.2.2 EVA Handhold/Handrail Safety Tether Point Color and Structural Loading
A.
EVA handhold/handrail safety tether points shall be yellow and meet the structural requirements for safety tethering defined in SSP 30256:001 paragraphs 3.6.1.3.1 and 3.6.5.3.1.
B.
EVA handle tether points that do not meet the loads of 3.2.7.2.2.2.A shall be clear anodized and meet the loads defined in SSP 30256:001 paragraph 3.6.2.

Note:
EVA handle tether points may be used on loose equipment (e.g., ORU) but are required to be clear anodized to indicate that they are not rated for crew safety tethering. 
3.2.7.2.2.3 EVA Handhold/Handrail Tether Point Dimensions
The EVA handrail/handhold tether point shall be designed as shown in Figure 3.2.7.2.2.3-1, EVA Handrail/Hold Tether Point.
[image: image34.wmf]
Figure 3.2.7.2.2.3-1  EVA HAndrail/Hold Tether Point

3.2.7.2.2.4 EVA Equipment Tether Attach Points

All equipment items shall provide a standardized tether hook receptacle as shown in Figure 3.2.7.2.2.4-1, EVA Equipment Tether Attachments Point.
[image: image35.wmf]
Figure 3.2.7.2.2.4-1  EVA Equipment Tether Attachments Point

3.2.7.2.2.5 EVA Standardized Tether Receptacle

The standardized receptacle shown in Figure 3.2.7.2.2.4-1 shall also be provided on the interfacing surface to which the item is to be secured.
3.2.7.3 EVA Translation Paths
The BEAM shall supply EVA translation paths on the payload from the ISS established EVA translation path to the BEAM EVA worksite(s), with gaps in the path not to exceed 24 inches measured in accordance with Figure 3.2.7.3-1, Handhold/Handrail Gaps.  See SSP 30256:001, paragraph 3.9 for information on the ISS established EVA translation paths.
The BEAM EVA translation paths with gaps  24 inches are shown to connect to existing ISS translation paths in Figure 3.2.7.3-2, BEAM EVA Translation Paths.
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Figure 3.2.7.3-1  Handhold/Handrail gaps
Note:  Bigelow will provide a drawing to show the Attached Payload danger and warning locations in Figure 3.2.7.4-1.
Figure 3.2.7.3-2  BEAM EVA Translation Paths <TBD-23>
3.2.7.3.1 Translation Path Diameter
External translation paths shall be a minimum of 43 inches in diameter with no protrusions. See Figure 3.2.7.3.1-1, Module EVA Primary Translation Path, Slidewire, and Safety Tether Envelope.
[image: image37.wmf]
Figure 3.2.7.3.1-1  MODULE EVA PRIMARY TRANSLATION PATH, SLIDEWIRE, AND SAFETY TETHER ENVELOPE

3.2.7.3.2 Tethered Two-Handed Translation

All EVA translation paths shall support a tethered, two-handed EVA translation of crew and equipment.  Either the Articulating Portable Foot Restraint (APFR) Ingress Aid or the Portable Foot Restraint (PFR) Workstation Stanchion will be considered an acceptable EVA translation path for EVA translation between the APFR and the head of the installed APFR Ingress Aid or PFR Workstation Stanchion.
3.2.7.3.3 Tethered Attachment Points

The BEAM shall provide crew safety tether points along translation routes established on the payload per section 3.2.7.2.2, Tether Attachment Points.
3.2.7.4 Danger and Warning Locations

The BEAM translation and mobility handholds located within three ft. of the BEAM equipment which poses a critical or catastrophic hazard to the crewmember or to the equipment are identified as shown in Figure 3.2.7.4-1, BEAM Danger and Warning Locations.
Note:  Bigelow will provide a drawing to show the BEAM danger and warning locations in Figure 3.2.7.4-1.

Figure 3.2.7.4-1  BEAM danger and warning locations <TBD-24>
3.2.8 Environmental Interfaces

3.2.8.1 Natural Environments

3.2.8.1.1 Thermal

A. The BEAM shall meet the performance requirements specified herein when exposed to the natural hot and cold thermal environments defined in Table 3.2.8.1.1-1, Natural Hot and Cold Thermal Environments, a space sink temperature of 3 Kelvin, the induced thruster plume environment and induced thermal environments from vehicles docking and docked with the Space Station, and thermal interactions with all other on-orbit elements.
B. The BEAM shall meet full performance specified herein following exposure to the extreme hot and cold thermal environments defined in Table 3.2.8.1.1-2, Extreme Hot and Cold Thermal Environments, a space sink temperature of 3 Kelvin and the induced thruster plume environment and induced thermal environment from vehicle(s) docking and docked with the Space Station, and the thermal interactions with all other on-orbit elements.
C. The shadowing and radiant energy interaction from all ISS components shall be derived in accordance with the latest revision of D684-10058-03-05, Integrated ISS Thermal Math Models Volume 3 Book 5, and account for thermal environment sensitivity effects from articulating surfaces (e.g. ISS Solar Alpha Array Joints and Thermal Radiator Rotary Joints) during both tracking and fixed-pointing modes of operation.
D. During visiting vehicle approach/separation from berthing/mating position, the BEAM shall be compatible with allowable plume heating due to visiting vehicle Reaction Control System (RCS) Main thruster thermal plume impingement.  Allowable heat fluxes and heat flux integrals are shown in Table 3.2.8.1.1-3, Plume Impingement Heating.
E. While attached to the ISS, the BEAM shall meet all functional and performance requirements during nominal operations in the ISS flight attitude envelope specified in Table 3.2.8.1.1-4, ISS Flight Attitudes.
	Table 3.2.8.1.1-1  Natural Hot and cold thermal environments

	
	Orbit Time(4)

	Condition(2)
	0 to 0.25 hours
	0.25 to 0.4 hours
	After 0.4 hours

	
	ALBEDO
	OLR (W/m2)
	ALBEDO
	OLR (W/m2)
	ALBEDO
	OLR (W/m2)

	Cold
A
	(3)
	207
	(3)
	177
	0.27
	217

	
B
	(3)
	207
	(3)
	177
	0.22
	241

	Mean
	-
	-
	-
	-
	0.27
	241

	Hot
A
	0.21
	287
	0.20
	307
	0.27
	273

	
B
	0.36
	241
	0.40
	241
	0.35
	241

	Solar Constants (W/m2)

Cold
1321

Mean
1371

Hot
1423

	Notes:

(1)
Values in this table are expected to be exceeded no more than 0.5 percent of the time.  Albedo and OLR are adjusted to the top of the atmosphere (30 kilometer altitude).

(2)
Both Set A and Set B are design requirements.

(3)
No Albedo value, extreme cold case occurs in eclipse

(4)
Referenced to orbit location per Figures 3.2.8.1.1-1, Natural Cold Thermal Environmental Profile and 3.2.8.1.1-2, Design Hot Thermal Environmental Profile.
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84.   Design cold thermal environmental profile

OLR (W/m

2

Albedo (%)

250

200

150

100

50

0

t

ss

Start

Orbit

Sunrise

Timeline

End

Orbit

27

22

Always

0.25 Hours

241

217

207

177

27

22

Always 0.15 Hours

OLR (B)

OLR (A)

Albedo (A)

Albedo (B)

30

20

10

OLR

Albedo

Condition Set A

Condition Set B

OLR

Albedo

Initialization

)


Figure 3.2.8.1.1-1  Natural cold thermal environmental profile
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85.   Design hot thermal environmental profile
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Figure 3.2.8.1.1-2  Design hot thermal environmental profile
	Table 3.2.8.1.1-2  Extreme hot and cold thermal environments

	
	Orbit Time(3)

	Condition(1,2)
	0 to 0.25 hours
	0.25 to 0.4 hours
	After 0.4 hours

	
	ALBEDO
	OLR (W/m2)
	ALBEDO
	OLR (W/m2)
	ALBEDO
	OLR (W/m2)

	Cold
A
	0.27
	191
	0.27
	153
	0.27
	206

	
B
	0.22
	191
	0.22
	153
	0.20
	241

	Hot
A
	0.25
	323
	0.25
	349
	0.30
	286

	
B
	0.45
	241
	0.53
	241
	0.40
	241

	Notes:

(1)
Values in this table are expected to occur no more than 0.05 percent of the time.  Albedo and OLR are adjusted to the top of the atmosphere (30 kilometer altitude).

(2)
Both Set A and Set B are design requirements.  Set A represents worst case OLR values with corresponding albedo values.  Set B represents worst case albedo values with corresponding OLR values.

(3)
Referenced to orbit location per Figures 3.2.8.1.1-3, Extreme Cold Thermal Environmental Profile and 3.2.8.1.1-4, Extreme Hot Thermal Environmental Profile.
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86.   Extreme cold thermal environment profile
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Figure 3.2.8.1.1-3  extreme cold thermal environmental profile
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87.   Extreme hot thermal environment profile
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Figure 3.2.8.1.1-4  extreme hot thermal environmental profile

	Table 3.2.8.1.1-3  Plume Impingement Heating

	Component
	Heat Flux (kW/m2)
	Heat Flux Integral (kJ/m2)

	SSRMS
	242
	68.5

	Other ISS Elements
	133
	119.6


	Table 3.2.8.1.1-4  ISS Flight Attitudes

	ISS
Attitude
Name
	Attitude Reference Frame
	Solar Beta 
Range (()
	Yaw
	Pitch
	Roll
	Time in Attitude

	+XVV +Z Nadir
	LVLH
	-75( ≤ ( ≤ +75(
	-15( to +15(
	-20( to +15(
	-15( to +15(
	No Limit

	-XVV +Z Nadir
	LVLH
	-75( ≤ ( ≤ +75(
	+165( to +195(
	-20( to +15(
	-15( to +15(
	No Limit

	+YVV +Z Nadir
	LVLH
	-75( ≤ ( ≤ +10(
	-110( to -80(
	-20( to +15(
	-15( to +15(
	No Limit

	-YVV +Z Nadir
	LVLH
	-10( ≤ ( ≤ +75(
	+75( to +105(
	-20( to +15(
	-15( to +15(
	No Limit

	+ZVV –X Nadir
	LVLH
	-75( ≤ ( ≤ +75(
	-15( to +15(
	+75( to +105(
	-15( to +15(
	3 Hours

	-ZVV –X Nadir
	LVLH
	-75( ≤ ( ≤ +75(
	+165( to +195(
	+75( to +105(
	-15( to +15(
	3 Hours


3.2.8.1.2 Pressure

The BEAM shall meet performance when exposed to an on-orbit minimum pressure environment of 5.5E-12 psia (2.7E-10 Torr).
3.2.8.1.3 Meteoroid/Orbital Debris (M/OD) Protection

3.2.8.1.3.1 Meteoroids and Orbital Debris

The BEAM shall meet the requirements specified herein when exposed to the Meteoroid Engineering Model environment as defined in NASA documents SEE/CR-2004-400, Meteoroid Engineering Model Final Report, and SEE/TP-2004-400, Meteor Properties Database, and the orbital debris environment as defined with NASA/TP—2002-210780, The New NASA Orbital Debris Engineering Model ORDEM2000.  Constraining parameters for assessment for the Meteoroids and Orbital Debris environments definitions are given in Table 3.2.8.1.3.1-1, Parameters for M/OD Environments Definition.
	Table 3.2.8.1.3.1-1  parameters for M/OD environments definition

	Assessment Altitude
	215 nautical miles

	Orbital inclination
	51.6 degrees

	Solar flux
	NOAA predictions included in Bumper-II

	Space Station attitude
	Nominal flight attitudes for applicable stages (+/- 15 degrees about each axis does not apply for M/OD assessments)


3.2.8.1.3.2 Structure Penetration
The BEAM shall have a 0.99999^(total exposed area in square meters times time in years) (minimum) Probability of No Penetration (PNP) in the M/OD environment defined in paragraph 3.2.8.1.3.1, for 5 years from launch.

Notes: 
1.
Penetration is defined as a complete penetration (i.e., hole) in the bladder and/or damage to the restraint layer that would lead to structural failure of the restraint and/or loss of pressure integrity, or a complete penetration of the metallic bulkhead, or complete penetration of the pressure shell of the CBM and tunnel connecting BEAM to ISS.

2.
The inflatable, metal bulkhead, and berthing/docking mechanism are included in the M/OD protection requirement.

3.
For a 37 m2 module and CBM, the BEAM PNP would be 0.99816.
3.2.8.1.3.3 Meteoroids and Orbital Debris Vulnerability
Externally exposed BEAM subcomponents subject to failure that would require ISS actions to maintain or replace shall have a minimum Probability of No Subcomponent Penetration (PNSP) of 0.97 per exposed component when exposed to the M/OD environments specified in paragraph 3.2.8.1.3.1 for 1 year.
3.2.8.1.4 Atomic Oxygen

A. The BEAM shall withstand a ram Atomic Oxygen (AO) fluence of 5.0E21 atoms per square centimeter per year for the on-orbit exposure duration.
B. The AO environment is not applicable to BEAM internal surfaces and equipment, except where exposed to the external AO environment during station operations.
3.2.8.1.5 Plasma

The BEAM shall meet the performance and design requirements specified herein when exposed to the natural plasma environment as specified in SSP 30425, Space Station Program Natural Environment Definition for Design, Section 5.0 and the induced environment as specified in SSP 30420, Space Station Electromagnetic, Ionizing Radiation, and Plasma Environment Definition and Design Requirements, paragraph 3.3.  The difference between the BEAM structure floating potential and the local plasma potential does not exceed +20/-90 volts.
3.2.8.1.6 Solar Ultraviolet Radiation

The BEAM shall meet specified performance when exposed to the on-orbit solar ultraviolet radiation environment as specified in SSP 30425, paragraph 7.2.
3.2.8.1.7 Ionizing Radiation
A.
The BEAM shall meet specified performance when exposed to the radiation dose environment as specified in SSP 30512, Space Station Ionizing Radiation Design Environment, paragraph 3.1.  A radiation dose design margin of two shall be applied.
B.
The BEAM shall meet specified performance when exposed to the nominal Single Event Effects environment as specified in SSP 30512, paragraph 3.2.1.
3.2.8.2 Induced Environments

3.2.8.2.1 Thermal
Integrated end items in the BEAM shall perform when exposed to the ISS atmosphere temperatures ranging from 55°F to 109°F (12.7°C to 42.7°C).
3.2.8.2.2 Pressure

The BEAM internal components shall operate at ambient internal pressures ranging from 9.5 to 15.2 psia.
3.2.8.2.3 Humidity

A. The BEAM external portion shall meet specified performance when exposed to 0 percent relative humidity.
B. The BEAM internal portion shall meet specified performance when exposed to 25 to 75 percent relative humidity.
3.2.8.2.4 Acceleration

The BEAM secondary structure shall provide positive margins of safety for on-orbit loads of
0.2 g acting in any direction for nominal on-orbit operations.
3.2.8.2.5 Vibration

The BEAM shall meet the performance requirements specified herein when exposed to the on-orbit vibration environment as specified in Table 3.2.8.2.5-1, On-orbit Random Vibration Environment.

	Table 3.2.8.2.5-1  On-orbit random vibration

	Frequency (Hz)
	Level

	

10 – 50


50 – 100


100 – 1000


1000 – 2000


2000


Composite


Duration
	

0.0005 g2/Hz


+3 dB/Octave


0.001 g2/Hz


-3 dB/Octave


0.0005 g2/Hz


1.3 grms


10 Hours/year/axis

	Note:  Three mutually perpendicular axes.


3.2.8.2.6 Electromagnetic Compatibility

The BEAM shall meet the requirements as specified in SSP 30243, paragraphs 3.2 through 3.6.
3.2.8.2.7 Plume Impingement

The BEAM shall withstand the maximum effective normal and shear plume impingement pressures defined below on any externally exposed surface:

a.
Normal pressure
3.42 psf

b.
Shear pressure

0.80 psf
3.2.8.3 Environmental Constraints

3.2.8.3.1 Electromagnetic Interference

The BEAM shall meet the requirements as specified in SSP 30237, Space Station Electromagnetic Emission and Susceptibility Requirements, paragraphs 3.2 and 3.4.
3.2.8.3.2 Electrostatic Discharge

The BEAM shall meet the requirements as specified in SSP 30243, paragraph 3.2.9.
3.2.8.3.3 Acoustic Noise Limits

The requirements of this section will ensure that the vehicle provides the crew with an acoustic environment that will not cause injury or hearing loss, interfere with voice communications, cause fatigue, or in any other way degrade overall human-machine system effectiveness.

All equipment that produces significant noise (i.e. > 37 dBA @ 60 cm distance) should be mounted and located to reduce noise at crewmember stations.
Note:
All Sound Pressure Levels (SPL) in decibels are referenced to 20 micropascals unless otherwise stated.
3.2.8.3.3.1 SPL Limits – Continuous Noise

BEAM shall limit the SPLs, created by the sum of all simultaneously operating equipment, averaged over any 20 second measurement period, throughout the crew habitable volume, to the values in Table 3.2.8.3.3.1-1, Octave Band Sound Pressure Level Limits, or less, within each of the specified octave bands, during attached operations.
	Table 3.2.8.3.3.1-1  OCTAVE BAND SOUND PRESSURE LEVEL LIMITS

	Band center frequency (Hz)
	63
	125
	250
	500
	1 k
	2 k
	4 k
	8 k

	SPL (dB)
	71
	64
	58
	54
	51
	49
	48
	47


3.2.8.3.3.2 Impulse Noise

The BEAM shall limit impulse noise, measured at the crewmember’s head location to less than 140 dB peak SPL, during attached operations.
3.2.8.3.3.3 SPL Limits – Gas Delivery Intermittent Noise
The BEAM gas delivery system and pressure equalization valve shall limit intermittent A-weighted overall SPL emissions, measured 0.6 m from the outside of the BEAM hatch, to the levels and durations in Table 3.2.8.3.3.3-1, Gas Delivery Intermittent Noise A-Weighted Overall Sound Pressure Level and Corresponding Operational Duration Limits (Measured at 0.6 M), or less.
	Table 3.2.8.3.3.3-1  GAS DELIVERY INTERMITTENT NOISE A-WEIGHTED OVERALL SOUND PRESSURE LEVEL AND CORRESPONDING OPERATIONAL DURATION LIMITS (MEASURED AT 0.6 M)

	Maximum Noise Duration
Per 24-hour Period
	LAmax
(dBA re 20 µPa)

	8 Hours
	( 49

	7 Hours
	( 50

	6 Hours
	( 51

	5 Hours
	( 52

	4.5 Hours
	( 53

	4 Hours
	( 54

	3.5 Hours
	( 55

	3 Hours
	( 57

	2.5 Hours
	( 58

	2 Hours
	( 60

	1.5 Hours
	( 62

	1 Hour
	( 65

	30 Minutes
	( 69

	15 Minutes
	( 72

	5 Minutes
	( 76

	2 Minutes
	( 78

	1 Minute
	( 79

	Not Allowed
	( 80 


3.2.8.3.3.4 Loudspeaker Alarm Audibility
During attached operations, BEAM shall be designed to allow the sound level of alarm signals, generated by the ISS Node 3 Audio Terminal Units, to exceed the masked threshold inside BEAM by at least 13 dB in one or more one-third octave bands where the alarm resides, as measured at the crewmember’s expected work station head locations with the Node 3 and BEAM hatches and IMV valves open.

3.2.8.3.3.5 Reverberation Time

The BEAM shall provide a reverberation time in the crew habitable volume of less than 0.6 seconds within the 500 Hz, 1 kHz, and 2 kHz octave bands during attached operations.

3.2.8.3.3.6 IMV SPL Limits

The BEAM IMV audible noise SPL delivered to ISS shall not exceed the values given in Table 3.2.8.3.3.6 -1, IMV Sound Pressure Level Limits.

	Table 3.2.8.3.3.6-1  IMV Sound Pressure Level Limits

	Band Center Frequency (Hz)

	63
	125
	250
	500
	1K
	2K
	4K
	8K

	SPL (dB)
	64
	56
	50
	45
	41
	39
	38
	37


3.2.8.3.4 Preclude Condensation

A. While attached to the ISS, the BEAM shall prevent condensation on BEAM interior surfaces, except on vestibule surfaces during the time of pressurization of the vestibule volume.  Total allowable time for condensation and subsequent drying after vestibule pressurization will be limited to 72 hours (all equipment and surfaces within the volume shall be compatible with the presence of condensation during this period.
B. All electrical connections in this volume shall be environmentally sealed to protect against the presence of moisture.
3.2.8.3.5 Atmospheric Contamination

3.2.8.3.5.1 External Contamination

A. BEAM materials exposed to space vacuum (which includes any internal materials within a non-pressurized shell as well as external materials), vents and pyrotechnic devices shall not produce a cumulative contaminant deposit in excess of 1.E–15 g/cm2/s (3 Å/year) on ISS sensitive surfaces.

B. The contribution to the molecular column density created by the presence of BEAM contamination sources along any unobstructed line-of-sight of ISS attached payloads shall not exceed 1.E+14 molecules/cm2 for individual released species.  This includes contributions from out-gassing, vacuum venting and leakage.

C. The BEAM shall not vent liquids.

D. The BEAM Pyrotechnic System shall not release shrapnel, debris, or particulates to the ISS external environment.
3.2.8.3.5.2 Internal Contamination
The BEAM shall limit material off-gassing such that at hatch opening upon arrival at the ISS, the Spacecraft Maximum Allowable Concentration (SMAC) values specified in JSC 20584, Spacecraft Maximum Allowable Concentrations for Airborne Contaminants, are not exceeded.
3.2.8.3.6 Microbial Contamination

3.2.8.3.6.1 Atmospheric Microbial Contamination
A. The BEAM shall limit the daily average airborne bacteria in the cabin atmosphere to no more than 300 colony forming units (CFU) per cubic meter.
B. The BEAM shall limit the daily average airborne fungi in the cabin atmosphere to no more than 50 CFU per cubic meter.

Note:
The in-flight levels for atmospheric microbial contamination are 1000 CFU per cubic meter for bacteria and 100 CFU per cubic meter for fungi.

3.2.8.3.6.2 Surface Microbial Contamination

A.
The BEAM shall limit the daily average bacteria on vehicle surfaces to no more than 500 CFU per 100 square centimeters.

B.
The BEAM shall limit the daily average fungi on vehicle surfaces to no more than 10 CFU per 100 square centimeters.

Note:
The in-flight levels for microbial contamination on vehicle surfaces are 10,000 CFU per 100 square centimeters for bacteria and 100 CFU per 100 square centimeters for fungi.
3.2.8.3.7 Microgravity Limitations
3.2.8.3.7.1 Limit Quasi-Steady Accelerations

The BEAM shall limit quasi-steady (<0.01 Hz) acceleration magnitude from individual disturbance sources, to less than or equal to 0.02 micro-g; excluding accelerations from aerodynamic and gravitational forces.
3.2.8.3.7.2 Limit Vibratory Accelerations

A. The BEAM shall limit vibratory accelerations to the levels shown in Figure 3.2.8.3.7.2-1, BEAM Vibro-Acoustic Microgravity Acceleration Limits, when using the transfer functions and methodology as specified in SSP 50036, Microgravity Control Plan, paragraph 5.4.

B. The BEAM shall limit transient accelerations from individual transient disturbance sources to less than or equal to 1000 micro-g per axis, and when integrated over any 10 second interval to less than or equal to 10 micro-g seconds per axis when using the transfer functions or system models and methodology as specified in SSP 50036, paragraphs 5.4.2 and 5.4.3.
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RMS acceleration

 

magnitude in 1/3

 

octave bands

 

averaged over

 

100 seconds

 

Frequency (Hz)

 

Micro

-

g

 

100.

 

0.10

 

0.01

 

0.10

 

100

 

300

 

for 0.01 < f </= 0.10 Hz: a </= 0.10 micro

-

g

 

for 0.10 < f </= 100. 

Hz: a </=f x 1.00 micro

-

g/Hz

 

for 100  < f </= 300. Hz: a </= 100 micro

-

g

 

where f = frequency in Hz

 

a = root

-

mean

-

square 

acceleration

 


Figure 3.2.8.3.7.2-1  BEAM vibro-acoustic microgravity acceleration limits
3.2.8.3.8 Cleanliness

A. Interior surfaces of BEAM shall conform to Visibly Clean-Sensitive (VC-S) cleanliness requirements as specified in SN-C-0005, Space Shuttle Contamination Control Requirements, paragraph 2.4, unless a specific hardware item requires a more stringent cleanliness level.
B. Exterior surfaces of BEAM shall conform to VC-S cleanliness requirements as specified in SN-C-0005.
C. The sealing surface of the BEAM PCBM shall remain free of debris from seal installation to berthing to ISS.

3.2.8.3.9 Wireless Communications

BEAM equipment that has intentional RF radiating and/or receiving devices shall be approved and certified by the NASA JSC Frequency Spectrum Manager for the use of a specified frequency band.  Approval/certification can be obtained via electronic submittal through the JSC Frequency Management Home Page, http://ea.jsc.nasa.gov/webapp/fmdb/login.asp.

Note 1:
It is recommended that the intentional radiating and receiving certification be approved prior to PDR.

Note 2:
A Payload still must meet EMI Radiation Emissions requirements per SSP 30237 outside the intentional radiating frequency band.

3.2.8.3.10 Limit Angular Momentum Disturbance

These requirements may be N/A if deployed during a non-microgravity period.  A flight rule will be established to insure this. 
3.2.8.3.10.1 Limit Disturbance Induced ISS Attitude Rate

When the on-orbit Space Station is in the microgravity mode, any non-transitory disturbance (disturbance duration greater than 10 seconds) induced on the on-orbit Space Station by BEAM (including vent impingement on the on-orbit Space Station structure) shall have an angular momentum impulse of less than the per axis values shown in Table 3.2.8.3.10.1-1, Maximum Angular Momentum Impulse, during any continuous 9 minute period.  Any non-transitory disturbance source that generates a total angular momentum impulse less than 100 ft-lb-sec (135 N-m-sec) in a 110 minute period can be ignored with respect to this requirement.  The disturbance sources of concern are those that would be normally active during micro-gravity operations.  In addition, emergency or contingency operations, such as contingency venting of an element for safety reasons, which could occur during micro-gravity operations, are excluded from these constraints.
	Table 3.2.8.3 10.1-1  Maximum Angular Momentum Impulse

	Axis
	Hx
	Hy
	Hz

	ft-lb-sec
	930
	1,277
	2,876

	N-m-sec
	1,261
	1,732
	3,900

	Note:

(1) Where Hx, Hy, and Hz are the absolute values of the x, y, and z components of the disturbance angular momentum impulse relative to the Assembly Complete center of mass, XISS = -17.66 ft (-5.38 m);
YISS = -1.32 ft (-0.40 m); and ZISS = +14.80 ft (+4.51 m) in Space Station Analysis Coordinate System, as defined in SSP 30219, Figure 4.0-1.


3.2.8.3.10.2 Limit Disturbance Induced Control Moment Gyro (CMG) Momentum Usage

When the on-orbit Space Station is in the microgravity mode, any disturbance (non-transitory or transitory) induced on the on-orbit Space Station by BEAM (including vent impingement on the on-orbit Space Station structure) shall have an angular momentum impulse which produces an estimated CMG momentum magnitude less than 10,000 ft-lb-sec (13,558 N-m-sec) during any continuous 110 minute period when evaluated in accordance with the conditions defined in Table 3.2.8.3.10.2-1, CMG Momentum Usage Calculation.  Any non-transitory disturbance source that generates a total angular momentum impulse less than 100 ft-lb-sec (135 N-m-sec) in a 110 minute period can be ignored with respect to this requirement.  The disturbance sources of concern are those that would be normally active during micro-gravity operations.  In addition, emergency or contingency operations, such as contingency venting of an element for safety reasons, which could occur during micro-gravity operations, are excluded from these constraints.
	Table 3.2.8.3.10.2-1  CMG Momentum Usage Calculation

	Estimated CMG Momentum Usage

	ft-lb-sec
	SQRT ((1.25*Hx+1069)**2 + (1.25*Hy+6885)**2 + (1.25*Hz+779)**2) < 10,000

	N-m-sec
	SQRT ((1.25*Hx+1449)**2 + (1.25*Hy+9334)**2 + (1.25*Hz+1056)**2) < 13,558

	Note:

(1)
Where Hx, Hy, and Hz are the absolute values of the x, y, and z components of the disturbance angular momentum impulse relative to the Assembly Complete center of mass, which has its origin at the on-orbit Space Station center of mass, XISS = -17.66 ft (-5.38 m); YISS = -1.32 ft (-0.40 m); and ZISS = +14.80 ft (+4.51 m) in Space Station Analysis Coordinate System as defined in SSP 30219, Figure 4.0-1.

(2)
Where 1,069, 6,885, and 779 ft-lb-sec (and 1,449, 9,334, and 1,056 N-m-sec) are the x, y, and z components, respectively, of the CMG angular momentum allocation for environmental disturbances.


3.2.9 Crew Interfaces

3.2.9.1 Human Factors for Activation Box

3.2.9.1.1 Accidental Actuation
The BEAM Activation Box controls shall provide for prevention of crew accidental actuation in accordance with SSP 50005, International Space Station Flight Crew Integration Standard (NASA-STD-3000/T), section 9.3.3.2.
3.2.9.1.2 Labeling

The BEAM Activation Box controls shall provide labeling in accordance with SSP 50005, section 9.5.
3.2.9.2 Translation Path
A. The BEAM shall provide an unimpeded, minimum IVA crew translation path that complies with Figure 3.2.9.2-1, Minimum Emergency Translation Path Dimensions.
B. In areas where crew are expected to perform tasks in upright posture or neutral body posture, the crew translation path shall comply with Figure 3.2.9.2-2, Standard Passageway Dimensions for Crewmember in Light Clothing.

Note:
The translation path is defined as an unimpeded passageway for crewmembers to translate (i.e., travel) within a module internal volume.  In BEAM, the translation path provides the unimpeded passageway for crewmembers to position their bodies to access and manipulate sensors/equipment and perform any required maintenance.  The translation path requirement applies to the module internal volume and excludes the hatch opening and adjacent vestibule passageway.  The emergency egress translation path dimension provides for a crewmember to rotate and change direction of travel within the module internal volume.  The standard passageway is to accommodate an IVA clothed crewmember in upright working position or neutral body posture.  The passageway may bend and curve along its length and should be shaped to accommodate the dimensions of any equipment that must be transported, the manner in which crew will transport equipment, and acceptable clearances.  Task analyses should be performed to determine body orientation and posture for crew to perform required tasks inside BEAM.

[image: image43.jpg]41em (16 in)





Figure 3.2.9.2-1  Minimum Emergency Translation Path Dimensions
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Figure 3.2.9.2-2  Standard Passageway Dimensions for Crewmember in Light Clothing

3.2.9.3 Crew Restraints and Mobility Aids

The BEAM shall provide attachment interfaces for ISS restraint and mobility aids.
Rationale:  Crew restraints provide the means for crew stability in order to perform tasks, such as maintenance or equipment operation.  Body posture and required motions for tasks must be considered.  For example, two-handed tasks require proper foot restraints and not hand holds to maintain a static posture.  Mobility aids are needed to support crew translation, including emergency egress.  In the microgravity environment, stopping, starting, and changing direction require forces that are generated by the hands or feet.  Appropriately located mobility aids make this possible.  For crew physical characteristics data related to design, refer to SSP 50005 Section 3.0, Anthropometry and Biomechanics.  Without predefined mobility aids, crew may use available structure or equipment that could be damaged from unintentional, crew loads.  Mobility aids should be standardized for ease of identification, especially during emergency egress.

3.2.9.4 Crew Interface Labeling 

The BEAM shall provide labeling for crew interfaces in accordance with SSP 50005, section 9.5.

Rationale: Proper identification of vehicle components, whether hardware or software, is critical for safe and accurate task performance.  User interface components to be labeled include hazards; equipment cables, connectors, controls, and displays; and stowage containers/compartments and instructional placards.  Clearly identifying items with labeling based on function reduces potential for error and improves efficiency of tasks.  Labels should be placed on or directly adjacent to the item being labeled so that items are identifiable and distinguishable from each other.

3.2.9.5 Hatch Operation

A. The BEAM hatch shall be operable by a single crewmember without the use of tools.

B. The forces required to open and close the hatch shall be within the limits established by SSP 50005, section 4.9. 

Rationale: To support emergency egress and minimize crew time impacts, the BEAM hatch must be operable by a single crewmember without the use of tools.  Furthermore, the forces required to operate the hatch must be within the strength capabilities of the weakest crewmember for the worst-case pressure differential anticipated.  For crew strength capabilities data related to design, refer to SSP 50005, section 4.9 Strength.
3.2.10 Safety, Reliability, and Maintainability Requirements

3.2.10.1 Safety Requirements

A. The Payload Safety Review Panel (PSRP) and the Ground Safety Review Panel (GSRP) have been assigned the responsibility for conducting safety reviews of ISS payloads.  The PSRP will review payloads for safety for all phases of flight operations and on-orbit operations.  The GSRP will review payloads for safety for pre-launch and post-landing operations.  The panels will be augmented by ISS representatives and International Partners as required.  It is the responsibility of the ISS Program to assure that interaction among mixed payloads, and between payloads and the ISS, does not create a hazard.  BEAM shall comply with the NASA phased safety process detailed in SSP 30599, Safety Review Process, Appendix J, Safety Review Process and Data Submittal Requirements and with the technical safety requirements of SSP 51700, Payload Safety Policy and Requirements for the International Space Station.  SSP 30599 Appendix J will assist the Payload Organization (PO) in documenting compliance with the payload safety requirements documented in SSP 51700  by (1) defining the necessary safety reviews, (2) identifying the required content of the Safety Data Package (SDP), (3) describing the preparation for and conduct of the safety reviews, (4) establishing the timeline for data submittal, (5) establishing the depth of detail required for the various submittals and (6) explaining the safety review process variations.  Safety reviews are conducted to review and assess safety hazards for all ISS-related mission phases and to assess hazard control and mitigation in design and operations.

B. A safety analysis shall be performed in a systematic manner on BEAM, its Ground Support Equipment, related software, and ground and flight operations to identify hazardous subsystems and functions.  The safety analysis results shall be documented in the SDP, which includes applicable payload hazard report forms (JSC Form 542B and JSC Form 1230) and presented to both the JSC PSRP and JSC Safety Review Panel.  Guidelines for completing the flight hazard report forms and preparing the SDPs are found in JSC 26943, “Guidelines for the Preparation of Payload Flight Safety Data Packages and Hazard Reports,” current issue.  For SDP preparation, the PO is responsible for using the current version of all applicable forms and safety documentation.  The PO may verify current forms/documents by contacting the Executive Officer to the PSRP.
C. Hazard controls identified on the approved BEAM hazard reports shall be verified individually.  Verifications that are not complete at the time of final safety data package submittal shall be tracked on a Safety Verification Tracking Log in accordance with SSP 30599 Appendix J, paragraph 6.5.3.  If all activities associated with the safety analyses (other than the open verification) are completed, the PSRP may sign the hazard reports indicating panel acceptance of the safety work, but with the understanding that final approval of the hazard report is not complete until all applicable verification activity is completed.  Items requiring ISS operational controls (e.g. flight rules or procedures) will require Mission Operations Directorate acceptance of such controls in the Operational Control Agreement Database.  The flight rule or procedure numbers will be referenced in the log.  Failure tolerance is the basic safety requirement that shall be used to control most BEAM hazards.  BEAM must tolerate a minimum number of credible failures and/or operator errors determined by the hazard level.  This criterion applies when the loss of a function or the inadvertent occurrence of a function results in a hazardous event.

3.2.10.1.1 Catastrophic Hazards

The BEAM shall be designed such that no two single failures, no two operator errors, and no combination of a single failure and a single operator error can result in the potential for a disabling or fatal personnel injury, loss of the ISS, ground facilities or ISS equipment.  Catastrophic hazards shall be controlled such that no combination of two failures or operator errors can result in the potential for a disabling or fatal personnel injury or loss of the visiting launch vehicles/ISS, ground facilities or visiting launch vehicles/ISS equipment.  Compliance with this requirement may be accomplished at the kit level or through a combination of controls at the Segment/System levels.

3.2.10.1.2 Critical Hazards

The BEAM shall be designed such that no single failure or operator error can result in damage to the visiting launch vehicle/ISS equipment, a non-disabling personnel injury, or the use of unscheduled safing procedures that affect operations of the visiting launch vehicle/ISS or another payload.  Compliance with this requirement may be accomplished at the kit level or through a combination of controls at the Segment/System levels.

3.2.10.1.3 Design for Minimum Risk

Hazards related to design for minimum risk areas of design shall be controlled by the safety related properties and characteristics of the design, such as margin of factors of safety, that have been baselined by ISS program requirements.  The failure tolerance criteria of paragraph 3.2.10.1.1 are only to be applied to these designs as necessary to ensure credible failures that may affect the design do not invalidate the safety related properties of the design.  Examples of design for minimum risk areas of design are mechanisms, structures, glass, pressure vessels, pressurized lines and fittings, pyrotechnic devices, material compatibility, material flammability, etc.

3.2.10.1.4 Safe Without Services

Payloads shall be designed to maintain fault tolerance or safety margins consistent with the hazard potential, without ground or flight crew intervention, in the event of sudden loss or temporary interruption of Space Station provided services.  The payload must remain in a safe state until returned to operation by the ground or flight crew.
3.2.10.1.5 Control of Functions Resulting in Critical Hazards
3.2.10.1.5.1 Inadvertent Operation Resulting in Critical Hazards

A function whose inadvertent operation could result in a critical hazard shall be controlled by two independent inhibits, whenever the hazard potential exists.  Compliance with this requirement may be accomplished at the End Item level or through a combination of hazard controls at the Segment/System levels.

3.2.10.1.5.2 Loss of Function Resulting in Critical Hazards

Where loss of a function could result in a critical hazard, no single credible failure shall cause loss of that function and the function shall be monitored and controlled in accordance with the ISS capabilities: (1) Monitor System Status and (2) Respond to Loss of Function.  Compliance with this requirement may be accomplished at the End Item level or through a combination of hazard controls at the Segment/System levels.

3.2.10.1.6 Control of Functions Resulting in Catastrophic Hazards

3.2.10.1.6.1 Inadvertent Operation Resulting in Catastrophic Hazards

Compliance with requirements A, B, and C may be accomplished at the End Item level or through a combination of hazard controls at the Segment/System levels.

A.
A function whose inadvertent operation could result in a catastrophic hazard shall be controlled by a minimum of three independent inhibits, whenever the hazard potential exists.

B.
The return path for the function circuit shall be interrupted by one of the required inhibits if the design of the function circuit without the return path inhibit in place is such that a single credible failure between the last power side inhibit and the function, (e.g., a single short to power) can result in inadvertent operation of the catastrophic hazardous function.

C.
At least two of the three required inhibits shall be monitored.

3.2.10.1.6.2 Loss of Function Resulting in Catastrophic Hazards

Compliance with requirements A and B may be accomplished at the End Item level or through a combination of hazard controls at the Segment/System levels.

A.
If loss of a function could cause a catastrophic hazard, no two credible failures shall cause loss of that function.

B.
The function shall be monitored and controlled in accordance with the ISS capabilities: (1) Monitor System Status and (2) Respond to Loss of Function.

3.2.10.1.7 Safety Interlocks

Safety interlocks shall be provided to prevent unsafe operations when access to the BEAM equipment is required for maintenance.
3.2.10.1.8 Environmental Compatibility
BEAM functions shall be safe in the applicable worst-case natural and induced environments specified in paragraph 3.2.8 of this specification.
3.2.10.1.9 Pyrotechnics

3.2.10.1.9.1 NASA Standard Initiators

NSIs shall be used for all safety critical pyrotechnic functions.

3.2.10.1.9.2 Pyrotechnic Operated Devices

Pyrotechnic operated devices shall be designed and tested to the requirements of JSC-62809, Human Rated Spacecraft Pyrotechnic Specification, Revision D, as modified and shown in Appendix F of this document.  Where the requirements from SSP 30243, paragraph 3.2.10, are more stringent, these requirements would apply. 
3.2.10.1.10 Electrical Safety

3.2.10.1.10.1 Bent Pin or Conductive Contamination

A. BEAM electrical design shall ensure that shorts between any pin within a connector that could be caused by a pin bent prior to or during connector mating cannot invalidate more than one inhibit to a hazardous function.

B. Conductive contamination as a similar cause shall be precluded.

3.2.10.1.10.2 Batteries

Batteries shall be designed to control application hazards caused by buildup or venting of flammable, corrosive or toxic gasses and reaction products; the expulsion of electrolyte; and by failure modes of over temperature, shorts, reverse current, cell reversal, leakage, cell grounds, and over pressure.  Safety requirements for batteries are contained in JSC-20793, Crewed Space Vehicle Battery Safety Requirements.

3.2.10.1.10.3 Crew Protection From Electrical Shock

The BEAM shall provide for crew protection from electrical shock in accordance with SSP 50005, section 6.4.3.
3.2.10.1.11 Pressure System

The MDP for a pressurized system shall be the highest pressure defined by maximum relief pressure, maximum regulator pressure or maximum temperature.  Transient pressures shall be considered.  Design factors of safety shall apply to MDP.  Where pressure regulators, relief devices, and/or a thermal control system (e.g., heaters) are used to control pressure, collectively they must be two-fault tolerant from causing the pressure to exceed the MDP of the system.  Pressure integrity shall be verified at the system level.

3.2.10.1.12 Pressure Relief Capability

For pressurized system/vessels which may be connected to a higher pressure source where pressure regulation is used to control the MDP of the lower pressure system, at least one pressure relief device shall be provided.  The pressure relief device may be a part of the two-fault tolerant design establishing MDP for the lower pressure system/vessel.

3.2.10.1.13 Pressure Vessels

Safety requirements for payload pressure vessels are listed in the paragraphs below.  Particular attention will be given to ensure compatibility of vessel materials with fluids used in cleaning, test, and operation.  MDP as defined in paragraph 3.2.10.1.10 shall be substituted for all references to maximum expected operating pressure in the pressure vessel standards.  Data requirements for pressure vessels are listed in SSP 30599, Appendix J.  The minimum factor of safety for ISS payload pressure vessels is 2.0 x MDP.  The vessel design and test program must certify the vessel for all environments and service life.

3.2.10.1.14 Metallic Pressure Vessels
Metallic pressure vessels shall comply with the pressure vessel requirements of MIL-STD-1522A, Revision A, Standard General Requirements for Safe Design and Operation of Pressurized Missile and Space Systems, as modified by subparagraphs (a), (b) and (c) below. 

(a)
Approach “B” of figure 2 is not acceptable. 

(b)
Nondestructive Evaluation (NDE) of safe-life pressure vessels shall include inspection of welds after proof testing. 

(c)
A proof test of each flight pressure vessel to a minimum of 1.5 x MDP and a fatigue analysis showing a minimum of 10 design lifetimes may be used in lieu of testing a certification vessel to qualify a vessel design that in all other respects meets the requirements of this document and MIL-STD-1522A, Approach A. 

AIAA S-080, Space Systems - Metallic Pressure Vessels, Pressurized Structures, and Pressure Components, may be used in lieu of MIL-STD-1522A and the above subparagraphs for metallic pressure vessels.
3.2.10.1.15 Pressurized Volume Depressurization and Repressurization Tolerance
3.2.10.1.15.1 Pressure Differential Tolerance
BEAM equipment located in pressurized volumes shall be capable of withstanding the differential pressure of depressurization, re-pressurization, and the depressurized condition without resulting in a hazard.

3.2.10.1.15.2 Operation During Pressure Changes
Equipment expected to function during depressurization or re-pressurization shall be designed to operate without producing hazards.

3.2.10.1.16 Emergency Egress

The BEAM shall provide for safe emergency IVA egress to the remaining contiguous pressurized volumes and have the capability to isolate from other flight pressurized volumes within three minutes, including closing hatches.

3.2.10.1.16.1 Drag Throughs

Hatches between pressurized volumes shall be clear of all drag throughs.
3.2.10.1.17 Component Hazardous Energy Provision
Components which retain hazardous energy potential shall either be designed to prevent a crewmember conducting maintenance from releasing the stored energy potential or be designed with provisions to allow safing of the potential energy including provisions to confirm that the safing was successful.

3.2.10.1.18 Hatch Opening

The BEAM shall provide the capability to control pressure differential prior to crew ingress.

3.2.10.1.19 Touch Temperature

3.2.10.1.19.1 Internal Touch Temperature

3.2.10.1.19.1.1 Hot Temperature Hazards

For materials having exposed surface temperature (TES) greater than 45.C (113.F), bare skin contact shall be controlled as follows:

1.
For incidental contact, defined as contact times of 1 second or less, calculate permissible material temperature (TPM) as follows:

a.
If TES is less than or equal to TPM, bare skin contact is permissible.

b.
If TES is greater than TPM, bare skin contact is not permissible.

2.
For intentional contact, defined as planned skin contact for any length of time, calculate TPM for the expected contact time as follows.

a.
If TES is less than or equal to TPM, bare skin contact is permissible.

b.
If TES is greater than TPM, bare skin contact is not permissible.

See paragraph 3.3.10.1.19.1.3 for calculating TPM.
3.2.10.1.19.1.2 Cold Temperature Hazards
For materials having TES less than 0.C (32.F), bare skin contact shall be controlled as follows:
1.
For incidental contact, defined as contact times of 1 second or less, calculate TPM as follows.

a.
If TES is greater than or equal to TPM, bare skin contact is permissible.

b.
If TES is less than TPM, bare skin contact is not permissible.

2.
For intentional contact, defined as planned skin contact for any length of time, calculate TPM for the expected contact time as follows.

a.
If TES is greater than or equal to TPM, bare skin contact is permissible.

b.
If TES is less than TPM, bare skin contact is not permissible.
See paragraph 3.3.10.1.19.1.3 for calculating TPM.
3.2.10.1.19.1.3 Calculating Permissible Material Temperature

When calculating TPM for intentional contact, a minimum time of 10 seconds applies.  Where contact time for nominal operations is planned to exceed 10 seconds, time increments for up to 30 seconds, up to 60 seconds, or infinite time are to be used.  Because contact time is a factor in establishing permissible material temperature, consider the following if there is potential for exceeding planned contact time:  

either

calculate TPM using higher or infinite contact time, especially if there may be an adverse consequence due to unplanned release of an object, 

or

inform crewmembers of the contact time limit via an operational control that has been coordinated with the Operations community.

The equation for TPM assumes the object material is homogeneous.  If the object is a layup of different materials (i.e., is comprised of layers), TPM is to be calculated using the thermo-physical properties of the material with lowest value for inverse thermal inertia.  Alternately, with justification, TPM may be calculated using the thermo-physical properties of the material in the layup that is the largest contributor to the change in skin temperature.  Refer to the NASA/SP-2010-3407, Human Integration Design Handbook (HIDH), for additional information.
Figures 3.2.10.1.19.1.3-1, Hot TPM for Incidental and Intentional (Planned) Contact, and 3.2.10.1.19.1.3-2, Cold TPM for Incidental and Intentional (Planned) Contact, illustrate hot and cold TPM for incidental and intentional (planned) contact times and four common materials.

1. For incidental contact, defined as contact time t ≤ 1 second:  

TPM (°C) = a * (kρc)-½ + b

Where:

(kρc)-½ = inverse thermal inertia of material (cm2 °C sec1/2)/cal (Table 3.2.10.1.19.1.3-1, Inverse Thermal Inertia for Commonly Used Materials)

a, b = constants in Table 3.2.10.1.19.1.3-2, Constants for Incidental (t ≤ 1 s) Contact

2. For intentional (planned) contact, defined as planned skin contact for any length of time:  

TPM (°C) = a * (kρc)-½ + b

Where:

(kρc)-½ = inverse thermal inertia of material (cm2 °C sec1/2)/cal (Table 3.2.10.1.19.1.3-1)

a, b = constants in Table 3.2.10.1.19.1.3-3, Constants for Intentional (Planned) Contact
	TAble 3.2.10.1.19.1.3-1  INVERSE THERMAL INERTIA FOR COMMONLY USED MATERIALS

	Material
	Inverse Thermal Inertia (kρc)-1/2 ((CM2  °C sec1/2)/cal)

	Aluminum (6061-T6)
	2.2

	316 Stainless Steel
	5.9

	Glass
	28.8

	Teflon
	57.5

	Nylon hook Velcro
	586 (effective)

	Notes:  k = thermal conductivity, ρ = density, c = specific heat


	TAble 3.2.10.1.19.1.3-2  CONSTANTS FOR INCIDENTAL (t ≤ 1 s) CONTACT

	Time (sec)
	(kρc)-1/2
	Hot
	Cold

	
	
	a
	b
	a
	b

	1
	≤43.5
	0.92
	69.97
	-1.16
	0

	
	≤43.5
	0.92
	69.97
	-0.88
	-12.29

	Notes:  k = thermal conductivity, ρ = density, c = specific heat


	Table 3.2.10.1.19.1.3-3  CONSTANTS FOR INTENTIONAL (PLANNED) CONTACT

	Time (sec)
	Hot
	Cold

	
	a
	b
	a
	b

	10
	0.48
	50.07
	-0.71
	4.78

	30
	0.46
	46.61
	-0.62
	9.51

	60
	0.45
	45.90
	-0.53
	10.00

	∞
	0.42
	44.87
	-0.37
	10.00

	Note:  when calculating TPM for intentional contact, use constants for planned contact times up to: 10 s, 30 s, 60 s, or infinite time, as appropriate
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Figure 3.2.10.1.19.1.3-1  HOT TPM FOR INCIDENTAL AND INTENTIONAL (PLANNED) CONTACT
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Figure 3.2.10.1.19.1.3-2  COLD TPM FOR INCIDENTAL AND INTENTIONAL (PLANNED) CONTACT
3.2.10.1.19.2 External Touch Temperature Hazards

3.2.10.1.19.2.1 Incidental COntact
For incidental contact, temperatures shall be maintained within -180 to +235 degrees F, or limit heat transfer rates as specified in Table 3.2.10.1.19.2.1-1, Heat Transfer Rates.
	Table 3.2.10.1.19.2.1-1  Heat Transfer Rates

	Object Temperature
	Contact Duration (minutes)
	Boundary Node Temperature (5F)
	Linear Conductor (BTU/hr 5F)
	Maximum Average Heat Rate(1) (BTU/hr)

	Hot Object
	Unlimited
	113
	1.149
	42.52 (2)

	Hot Object
	Incidental (0.5 max)
	113
	1.444
	176.2 (3)

	Cold Object
	Unlimited
	40
	1.062
	-132.7 (2)

	Cold Object
	Incidental (0.5 max)
	40
	1.478
	-325.2 (3)

	Notes:

(1)  Positive denotes heat out of the object, negative denotes heat into the object.

(2)  Averaged over 30 minutes of simulated contact (excursions up to 1.5 times this rate for 3 minute intervals are
allowable).

(3)  Averaged over 2 minutes of simulated contact (excursions up to 2.5 times this rate for 12 second intervals are allowable).


3.2.10.1.19.2.2 Unlimited Contact

For unlimited contact, temperatures shall be maintained within -45 degrees F to +145, or for designated EVA crew interfaces specified in Table 3.2.10.1.19.2.2-1, Designated EVA Interfaces, limit heat transfer rates as specified in Table 3.2.10.1.19.2.1-1.
	Table 3.2.10.1.19.2.2-1  Designated EVA Interfaces

	EVA Tools and Support Equipment

	EVA Translation Aids (e.g., CETA Cart, handrails, handholds, etc.)

	EVA Restraints (foot restraints, tethers, tether points, etc.)

	All EVA translation paths (handrails or structure identified for use as a translation path)

	All surfaces identified for operating, handling, transfer, or manipulation of hardware

	EVA stowage

	EVA worksite accommodations (handholds, APFR ingress aids, EVA lights, etc.)

	EVA ORU handling and Transfer Equipment


3.2.10.1.20 Sharp Edges

3.2.10.1.20.1 External Corner and Edge Protection

3.2.10.1.20.1.1 Sharp edges

BEAM equipment, structures along translation routes, worksite provisions, and each equipment item requiring an EVA interface shall protect the crew from injury due to sharp edges by the use of corner and edge guards or by rounding the corners and edges in accordance with SSP 50005 paragraphs 6.3.3.1, 6.3.3.2, 6.3.3.3, and 6.3.3.11.
3.2.10.1.20.1.2 Thin Materials

Materials less than 0.08 inches thick, with exposed edges that are uniformly spaced, not to exceed 0.5 inch gaps, flush at the exposed surface plane and shielded from direct EVA interaction, shall have edge radii greater than 0.003 inches.
3.2.10.1.20.2 Internal Corner and Edge Protection

3.2.10.1.20.2.1 Equipment Exposed to Crew Activity

Surfaces of BEAM components located in pressurized volumes and exposed to crew activity shall protect the crew from injury due to sharp edges and corners within the habitable volume in accordance with SSP 50005, paragraphs 6.3.3.1 and 6.3.3.2, Corner and edge requirements for facilities and mounted hardware, 6.3.3.3, Protective covers, and 6.3.3.11, Loose equipment.
3.2.10.1.20.2.2 Equipment Exposed only during Planned Maintenance ACTIVITIES
Corners and edges of material, equipment, or ORUs, which are exposed only during planned maintenance activities, shall be rounded to a minimum radius or chamfer of 0.03 inches.
3.2.10.1.21 Crew Inadvertent Loads

Equipment exposed to the translation path shall withstand the loads as defined in SSP 30256:001, Table 3.1.3-1.
3.2.10.1.22 Latches

Latches or similar devices shall be designed to prevent entrapment of crew member appendages in accordance with SSP 50005, paragraph 6.3.3.5.

3.2.10.1.23 Screws and Bolts
Screws or bolts, in established worksites (planned and contingency) and translation routes (primary and secondary) with exposed threads protruding greater than 0.12 in. in length shall have protective features to prevent snagging, to protect against sharp edges and impact, and that do not prevent installation or removal of the fastener.
3.2.10.1.24 Safety Critical Fasteners

Safety critical fasteners shall be designed to prevent inadvertent back out.

3.2.10.1.25 Levers, Cranks, Hooks and Controls
Levers, cranks, hooks and controls shall be located such that they cannot pinch, snag, cut, or abrade the crewmembers or their clothing.

3.2.10.1.26 Burrs

Exposed surfaces shall be smooth and free of burrs.
3.2.10.1.27 Holes

3.2.10.1.27.1 Equipment Located Inside Habitable Volumes
Round or slotted holes that are uncovered shall be less than 0.4 inches or greater than 1.0 inches in diameter for equipment located inside habitable volumes.

3.2.10.1.27.2 Equipment Located Outside Habitable Volumes
Holes (round, slotted, polygonal) in EVA translation hand rails/holds shall be 1.0 inches or greater in diameter.

3.2.10.1.28 Protrusions

Equipment except for translation aids identified in Figure 3.2.7.2-1 shall not protrude into the 50 inch horizontal by 72 inch vertical envelope of the Crew and Equipment Translation Assembly (CETA)/MT corridor, or the 43 inch horizontal envelope of the primary translation path.
3.2.10.1.29 Pinch Points

Equipment requiring EVA handling in its final deployment configuration, located outside the habitable volume in translation routes (primary and secondary) and established worksites (planned and contingency), which pivot, retract, or flex such that a gap of greater than 0.5 inches, but less than 1.4 inches exists between the equipment and adjacent structure shall be designed to prevent entrapment of EVA crewmember appendages.

3.2.10.1.30 Emergency Ingress

The BEAM shall design EVA translation paths and aids such that an EVA crewmember can complete an emergency ingress within 30 minutes into a pressurized volume from EVA worksites on BEAM hardware.
3.2.10.1.31 Translation Routes and Established Worksites
A. Primary translation routes and established worksites shall not pose a risk to EVA crew.

B. External hardware, exposed to the EVA crew along the primary translation route and established worksites, shall not be sensitive to EVA loads.
3.2.10.2 Reliability Requirements

3.2.10.2.1 Failure Propagation

The design shall preclude propagation of failures from the BEAM to the environment outside the BEAM.
3.2.10.2.2 Redundancy Separation
Safety Critical redundant subsystems shall be separated by the maximum practical distance, or otherwise protected, to ensure that an unexpected event that damages one is not likely to prevent the others from performing the function. All redundant functions that are required to prevent a catastrophic hazard must not be routed through a single connector.
3.2.10.3 Maintainability Requirements

3.2.10.3.1 Access Item Retention

The BEAM access covers, caps, and other structural parts removed during on-orbit maintenance shall be compatible with one or more of the restraints and restraint interfaces as specified in SSP 50005.

3.2.10.3.2 Restraint and Handling Devices for Temporary Storage
The BEAM internal equipment shall allow for restraining and handling for temporary storage by the crew as specified in SSP 50005, paragraph 11.6.3.

3.2.10.3.3 Equipment Item Interconnecting Devices
The BEAM shall provide utility line attachment/mounting length to allow removal/replacement of BEAM equipment.
3.2.10.3.4 Manual Failure Detection, Isolation, and Recovery (FDIR)

The BEAM shall manually recover from ORU failures via ground and crew reconfiguration.
3.2.11 Material Requirements
3.2.11.1 Materials and Processes Design Standards
BEAM shall comply with ISS Materials and Processes (M&P) requirements for all applications that could affect the integrated safety of the ISS.  Specific requirements are enumerated in Appendix E “Materials and Processes Applicability” as a list of NASA standard M&P requirements from NASA-STD-6016, Standard Materials and Processes Requirements for Spacecraft, that are tailored for the BEAM project.  Every section of the source document is included and identified as applicable, not-applicable, or applicable as modified.  Modified sections include specific text describing the applicable requirement.  All deviations from M&P requirements shall be documented and approved using the Materials Usage Agreement (MUA) system of NASA-STD-6016.  All MUA’s must be individually approved by NASA at the JSC M&P Branch or ISS Program Level.
3.2.11.2 Control of Water SOLUBLE Volatile Organic Compounds
The release of the following water-soluble volatile organic compounds into the ISS habitable environment is prohibited:

Methanol; ethanol; isopropyl alcohol; n-propyl alcohol; n-butyl alcohol; acetone; ethylene glycol; propylene glycol.

This requirement applies to hardware used in the ISS habitable environment and for BEAM hardware while docked to ISS. 

A Volatile Usage Agreement (VUA) shall be processed in accordance with section 4.1.5 of JSC-27301, Materials Control Plan for Johnson Space Center (JSC) Flight Hardware, for all hardware containing such compounds, with the following exceptions:

•
The release of volatile organic compounds by normal materials offgassing

•
Situations where water-soluble volatile organic compounds are properly contained and released to the habitable environment only as a result of a single barrier failure (redundant containment is not required)

3.2.11.3 Vehicle-Unique Payload Materials
3.2.11.3.1 Flame Impingement
Impingement of a flame with the following characteristics on BEAM internal surfaces shall not result in catastrophic depressurization of the module:

a)  Temperature: 1100 °C ± 90 °C

b)  Burning duration: 25 s ± 5 s

c)  Maximum visible flame height: 65 mm ± 6.5 mm

d)  Flame source located 6 mm ± 1 mm from surface

Note:
these flame characteristics correspond to the standard igniter used in ISO 14624-1, Space Systems – Safety and Compatibility of Materials - Part 1: Determination of upward flammability of materials, and NASA-STD-6001 Flammability, Odor, Offgassing, and Compatibility Requirements and Test Procedures for Materials in Environments That Support Combustion, flammability testing.

3.2.11.3.2 Flammability of Primary Structure
If determined by test or assumed by analysis that the flame impingement requirement will not be met by design, a flammability hazard assessment shall be prepared and documented to show that all potentially heat generating sources and potential ignition mechanisms (e.g. batteries, power systems, electronics) present in the BEAM module at any time shall not, by a single point failure, adversely affect structural integrity or cause catastrophic depressurization of the module.

4.0 verification

This section provides the complete set of verification requirements necessary to ensure compliance with the interface and design requirements contained in Section 3.0. 
4.1 RESPONSIBILITIES

Bigelow is responsible for development and implementation of a Verification Plan for the BEAM.  Bigelow and/or NASA is responsible for providing certification of compliance for all applicable verification requirements in this document.  Applicable requirements are identified in the Traceability Matrices.  Bigelow and/or NASA is responsible for providing all data/test results required in this section.

4.2 VERIFICATION METHODS

The following verification methods are specified in this section:

A.
INSPECTION -  Inspection is a physical measurement or visual evaluation of equipment and associated documentation.  Inspection is used to verify construction features, drawing compliance, workmanship, and physical condition.

B.
ANALYSIS -  Analysis is the technical evaluation process of using techniques and tools such as mathematical models and computer simulation, historical/design/test data, and other quantitative assessments to calculate characteristics and verify specification compliance.  Analysis is used to verify requirements compliance where established techniques are adequate to yield confidence or where testing is impractical.

C.
DEMONSTRATION -  Demonstration is the qualitative determination of compliance with requirements by observation during actual operation or simulation under preplanned conditions and guidelines.

D.
TEST -  Test is actual operation of equipment, normally instrumented, under simulated or flight equivalent conditions or the subjection of parts or equipment to specified environments to measure and record responses in a quantitative manner.

The verification matrix is a summary of the verification methods for each requirement.  The verification matrix is shown in Table 4.2-1.
BEAM mechanical and environmental testing shall be performed in accordance with SSP 41172, Qualification and Acceptance Environmental Test Requirements. 

4.3 INTERFACE VERIFICATION METHODS

4.3.1 Structural/Mechanical Interfaces

4.3.1.1 Interface with the MSS
No verification required. 
4.3.1.2 Interface with the Node 3 Aft Bulkhead

No verification required.
4.3.1.3 Mass Properties and Center of Gravity

No verification required.
4.3.1.3.1 Control Weight

No verification required. Data submittal required. 
4.3.1.3.2 Control Center of Gravity

No verification required.  Data submittal required. 
4.3.2 Interface Requirements
4.3.2.1 Envelope Requirements

4.3.2.1.1 Ingress/Egress Passageway

This requirement shall be verified by inspection.  The inspection shall consist of a review of the BEAM drawings.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.1.2 Access Envelope

This requirement shall be verified by inspection.  The inspection shall consist of a review of the BEAM drawings.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.1.3 CBCS Viewing Stay Out Zone Envelope

This requirement shall be verified by analysis.  An analysis shall be performed of the 3D geometric models of the vehicle’s hatch, CBM and surrounding hardware and analysis of any thermal or multilayer insulation blankets installed on the interface.  The verification shall be considered successful when the static envelopes identified in the requirement are shown to be clear at the on-orbit, pre-install berthing position.
4.3.2.2 Structural/Mechanical Attachment

This requirement shall be verified by inspection, analysis, and test.  This requirement shall be considered successful when drawing inspection, structural interface deflection analysis and subsystem and element level acceptance testing show that the BEAM PCBM performance meets the specified requirements.
4.3.2.2.1 Berthing/Attachment Mechanism(s)

The Node 3 structural assembly to PCBM interfaces shall be verified by inspection, fit check with master tooling, and test and analysis for flange deflection limits.  The verification shall be considered successful when the inspection, fit check, test, and analysis show that the interface requirements are met.
4.3.2.2.2 Structural

Bigelow Aerospace shall submit a structural verification plan to NASA for approval at PDR.
4.3.2.2.2.1 Structural Design Requirements
This requirement shall be verified by analysis and test.  An analysis shall be conducted of the BEAM design and a review of the BEAM structural testing shall be performed and documented in a Structural Analysis Report.  The verification shall be considered successful when the analysis/test shows that the requirements have been satisfied as written.

4.3.2.2.2.2 Fracture Control
This requirement shall be verified by analysis and test.  An analysis shall be conducted of the BEAM design and a review of the BEAM structural testing shall be performed and documented in a Structural Analysis Report.  The verification shall be considered successful when the analysis/test shows that the requirements have been satisfied as written.
4.3.2.2.2.3 Design Service Life

This requirement shall be verified by analysis and test.  An analysis shall be conducted of the BEAM design and a review of the BEAM structural testing shall be performed and documented in a Structural Analysis Report.  The verification shall be considered successful when the analysis/test shows that the requirements have been satisfied as written.
4.3.2.2.3 Structural Loading

4.3.2.2.3.1 On-Orbit Transient Interface Loads
This requirement shall be verified by analysis.  An analysis shall be conducted of the BEAM design and documented in a Structural Analysis Report.  The verification shall be considered successful when the analysis shows that the requirements have been satisfied as written.
4.3.2.2.3.2 On-Orbit Thermal Structural Loads

4.3.2.2.3.2.1 On-Orbit Thermally Induced Structural Loads

This requirement shall be verified by analysis.  An analysis shall be conducted of the BEAM design and documented in a Structural Analysis Report.  The verification shall be considered successful when the analysis shows that the requirements have been satisfied as written.
4.3.2.2.3.2.2 On-Orbit Thermally Induced Loads Spectra

This requirement shall be verified by analysis.  An analysis shall be conducted of the BEAM design and documented in a Structural Analysis Report.  The verification shall be considered successful when the analysis shows that the requirements have been satisfied as written.
4.3.2.2.4 Hatch Properties
This requirement shall be verified by analysis.  An analysis shall be performed using BEAM design data.  The verification shall be considered successful when the analysis shows that the requirement has been satisfied as written.
4.3.2.2.5 CBCS Requirements
A. This requirement shall be verified by Inspection.  The inspection shall consist of a review of the Hatch Cover drawings.  Verification of this requirement shall be considered complete when the inspection shows the passive CBM hatch on the BEAM payload has an accurately installed CBCS target with the proper part number.
B. No Verification required.
C. This requirement shall be verified by inspection.  A review of the BEAM design drawings shall be performed.  The verification shall be considered successful when the inspection shows that the requirements have been satisfied as written.
D. This requirement shall be verified by inspection.  The inspection shall consist of a review of the Hatch Cover design.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
E. This requirement shall be verified by test.  NASA shall perform a compatibility test with the CBCS system.  The verification shall be considered successful when the test shows that the characteristics of the BEAM wobble cue plate are shown to be compatible with CBCS for on-orbit berthing operations.

F. This requirement shall be verified by inspection.  An inspection of drawings or photo documentation of the flight interface shall be performed.  The verification shall be considered successful when the BEAM drawings or photo documentation confirms that the hatch surface behind the CBCS wobble cue plate has been coated or painted flat black.
G. This requirement shall be verified by inspection.  The inspection shall be by measurement of the CBCS target cues relative to the CBM mating interface plane.  The verification shall be considered successful when the measurements taken are shown to be within the specified requirements. 
H. This requirement shall be verified by inspection and analysis.  The inspection shall consist of a measurement of all 3 characteristics from requirement G, a description of the measurement systems used and their tolerance errors, and account for on-orbit thermal and pressure distortions.  The verification shall be considered successful when the analysis shows that the hatch interface meets the requirements of H1 through H5. 
I. No verification required.
4.3.2.3 ECLSS Interfaces
4.3.2.3.1 Receive Intermodule Atmosphere

4.3.2.3.1.1 Intermodule Atmosphere Receive Characteristics
4.3.2.3.1.1.1 Intermodule Atmosphere Receive Temperature

No verification required.
4.3.2.3.1.1.2 Intermodule Atmosphere Supply and Receive Pressure

This requirement shall be verified by analysis.  An analysis shall be performed using BEAM design data.  A test of components shall be performed using specified ISS flow rates and pressure at the BEAM interface.  The verification shall be considered successful when the analysis shows that the requirement has been satisfied as written. 
4.3.2.3.1.1.3 Intermodule Atmosphere Receive Rate

A. This requirement shall be verified by analysis.  An analysis shall be performed using BEAM design data.  The verification shall be considered successful when the analysis shows that the requirement has been satisfied as written.
B. This requirement shall be verified by analysis.  An analysis shall be performed using BEAM design data.  The verification shall be considered successful when the analysis shows that the requirement has been satisfied as written.

4.3.2.3.1.1.4 Intermodule Atmosphere Receive Humidity

No verification required.
4.3.2.3.2 Return Intermodule Atmosphere
4.3.2.3.2.1 Intermodule Atmosphere Return Characteristics

4.3.2.3.2.1.1 Intermodule Atmosphere Return Temperature

This requirement shall be verified by analysis.  An analysis shall be performed using BEAM design data.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the Meteoroid/Meteorite Orbital Debris (MMOD) layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  The verification shall be considered successful when the test-validated thermal analysis shows that the requirement has been satisfied as written.
4.3.2.3.2.1.2 Intermodule Atmosphere Return Pressure

No verification required.
4.3.2.3.2.1.3 Intermodule Atmosphere Return Rate

A. This requirement shall be verified by analysis.  An analysis shall be performed using BEAM design data.  The verification shall be considered successful when the analysis shows that the requirement has been satisfied as written.
B. This requirement shall be verified by analysis.  An analysis shall be performed using BEAM design data.  The verification shall be considered successful when the analysis shows that the requirement has been satisfied as written.
4.3.2.3.2.1.4 Intermodule Atmosphere Return Humidity

This requirement shall be verified by analysis.  An analysis shall be performed using BEAM design data.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the MMOD layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  The verification shall be considered successful when the test-validated thermal analysis shows that the requirement has been satisfied as written.
4.3.2.3.2.1.5 Intermodule Atmosphere Heat Load

This requirement shall be verified by analysis.  An analysis shall be performed using BEAM design data.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the MMOD layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  The verification shall be considered successful when the test-validated thermal analysis shows that the requirement has been satisfied as written.
4.3.2.3.3 Intermodule Duct Requirements

4.3.2.3.3.1 Intermodule Duct Strength

This requirement shall be verified by test.  A delta pressure test shall be performed on the duct.  The verification shall be considered successful when the test shows the duct meets the requirements as specified. 
4.3.2.3.3.2 Intermodule Vent Details
This requirement shall be verified by inspection.  The inspection shall consist of a review of the BEAM drawings.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.3.4 BEAM Leakage Rate

This requirement shall be verified by test.  Leak testing shall be performed in accordance with SSP 41172 paragraph 5.1.7.2.C or SSP 50507, NASA/International Partners Plan for ISS Modules Pressure Integrity Verification, paragraph, 3.3.C.  The verification shall be considered successful when the test shows that the requirements have been met as specified.
4.3.2.3.5 BEAM Atmospheric Composition
This requirement shall be verified by inspection.  The inspection shall consist of a review of the procured gas specifications.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.3.6 BEAM Bulkhead Properties

4.3.2.3.6.1 Feedthroughs

A. This requirement shall be verified by test.  Pressure testing shall be performed in accordance with SSP 41172 paragraph 5.1.6.  The verification shall be considered successful when the test shows the requirements have been met as specified.
B. This requirement shall be verified by test.  Leak testing shall be performed in accordance with SSP 41172 paragraph 5.1.7.  No mass-spectrometer output increase above Helium background greater than 1.0*E-07 sccs Helium during the first 120 seconds of exposure to 100% Helium and steady state shall be recorded to verify the evidence of seal redundancy and proper seal installation.  The verification shall be considered successful when the test shows the requirements have been met as specified.

C. This requirement shall be verified by inspection and analysis.  End item drawings shall be inspected to determine usage and applicable procurement specifications of nonmetallic seals in the end item.  Identified procurement specifications shall be analyzed to determine the compliance of procurement requirements with the requirements of this specification.  Where procurement specifications are not consistent with requirements of this specification, an analysis shall be performed of bulk material, O-ring specimen tests, component life tests, or all three to determine if predicted seal life exceeds the sum of the 2-year on-orbit life plus the 5-year storage time.  If predicted seal life time does not exceed that sum, end item drawings shall be analyzed to confirm the on-orbit replaceability of the affected nonmetallic seals.  Verification shall be considered successful when all nonmetallic seals used on the end item design have been shown to have a predicted functional performance life that exceeds the sum of 2 years on-orbit plus 5 years storage time or the noncompliant seals are shown to be replaceable by the on-orbit crew.
4.3.2.3.7 BEAM Internal Properties

4.3.2.3.7.1 Circulate Atmosphere Intramodule
This requirement shall be verified by analysis.  An air flow analysis shall be run.  The verification shall be considered when the analysis shows that the requirement has been met as specified.
4.3.2.4 Electrical Interfaces

4.3.2.4.1 Power Interfaces

4.3.2.4.1.1 Provided Power
No verification required.
4.3.2.4.1.2 BEAM User Constraints
A - E, & I:
These requirements shall be verified by analysis and test.  The test will consist of a review of the BEAM test procedure/plan.  The verification requirements are specified in SSP 52051, Volume 1, paragraph 4.3.2 and 4.3.3 for Interface C, and in SSP 52051, Volume 2 for 28 volt loads.  The verification shall be considered successful when the test results/data show the requirements, as specified, have been met for the BEAM.
F - H:
These requirements shall be verified by inspection.  A review of the BEAM design drawings shall be performed.  The verification shall be considered successful when the inspection shows that the requirements have been met as specified.
J:
Wire derating shall be verified by analysis.  The verification shall be considered successful when the analysis shows the interface (input cable) between the power supply and the activation unit meets the wire derating requirements in SSP 30312 Volume I, Appendix B, Table 2B and paragraph B3.5.2.1.1.

K:
Protective device derating shall be verified by analysis.  Analysis of the electrical power schematics shall be performed to show that the protective devices meet the requirements in SSP 30312 Volume I.  The verification shall be considered successful when the analysis shows protective devices meet the derating requirements as specified in SSP 30312 Volume I, Appendix B paragraph B.3.4.1

4.3.2.4.1.3 Grounding
This requirement shall be verified by analysis.  An analysis shall be performed to verify the electrical grounding requirements are satisfied.  The analysis includes inspection of drawings item configuration data, materials data, processes and test results from engineering/development ground tests. The verification shall be successful when the analysis shows compliance to SSP 30240.
4.3.2.4.1.4 Shielding
This requirement shall be verified by inspection.  An inspection of the BEAM drawings shall be performed.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.4.1.5 BEAM Connectors and Pin Assignments
This requirement shall be verified by inspection.  The inspection shall consist of a review of the BEAM drawings.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.4.1.6 Electrical Bonding
A. This requirement shall be verified by analysis.  An analysis shall be performed to verify the electrical bonding requirements are satisfied.  The analysis includes inspection of drawings item configuration data, materials data, processes and test results from engineering/development bond tests.  The verification is considered successful when the requirements of SSP 30245 are shown to be satisfied.
B. This requirement shall be verified by analysis.  An analysis shall be performed to verify the electrical bonding requirements are satisfied.  The analysis includes inspection of drawings item configuration data, materials data, processes and test results from engineering/development bond tests.  The verification is considered successful when the requirements of SSP 30245 are shown to be satisfied.

4.3.2.4.1.7 emi Safety Margins for Critical Circuits
This requirement shall be verified by inspection and analysis.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the analysis shows that the requirement has been met as specified.
4.3.2.4.1.8 Electroexplosive Devices

This requirement shall be verified by inspection and analysis.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the analysis shows that the requirement has been met as specified.
4.3.2.4.2 Data Interfaces

4.3.2.4.2.1 BEAM Data

A. This requirement shall be verified by inspection.  For the SSC laptop, verification shall be considered successful when an inspection of the ISS Laptop Hardware Interface Matrix shows the hardware has been added to the accepted hardware list.
B. This requirement shall be verified by inspection.  An inspection of the BEAM data formats shall be performed.  The verification shall be considered successful when the formats are as specified.
1. Verification of the word/byte notations shall be by inspection.  The inspection shall consist of a review of the word/byte notations against paragraph 3.1.1, Notations, of SSP 52050, and paragraph 3.1.1, Data Bit/Byte Numbering Convention, of SSP 57002, Payload Software Interface Control Document Template.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
2. Verification of the MRDL transmissions shall be by inspection.  The inspection shall consist of a review of the MRDL data transmissions against paragraph 3.3.3.1, Transmission Order, of SSP 52050.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
3. No Verification Required.
4. Verification of the CCSDS data shall be by analysis or test.  The analysis shall consist of a review of the CCSDS data in the software design documentation.  The test shall consist of a data transmission with the Payload Rack Checkout Unit (PRCU) and inspection of the transmitted data against the SSP 52050 formats.  Analysis shall be considered successful when it is shown that in the software design documentation the integrated rack data which is transmitted space to ground is either CCSDS data packets or bitstream and the integrated rack data which is transmitted ground to space or to the payload Multiplexer/Demultiplexer is CCSDS data packets.  Test shall be considered successful when the PRCU correctly receives the CCSDS data.
5. Verification of the CCSDS data packet shall be by test.  The test shall consist of a data transmission with the PRCU and inspection of the transmitted data against the SSP 52050 formats.  Test shall be considered successful when the PRCU correctly receives the CCSDS data packets.
6. Verification of the CCSDS primary header shall be by test.  The test shall consist of a data transmission with the PRCU and inspection of the transmitted data against the SSP 52050 formats.  Test shall be considered successful when the PRCU correctly receives the CCSDS primary header.
7. Verification of the CCSDS secondary header shall be by test.  The test shall consist of a data transmission with the PRCU and inspection of the transmitted data against the SSP 52050 formats.  Test shall be considered successful when the PRCU correctly receives the CCSDS secondary header.
8. Verification of the CCSDS data field shall be by test.  The test shall consist of a data transmission with the PRCU and inspection of the transmitted data against the SSP 52050 formats.  Test shall be considered successful when the PRCU correctly receives the CCSDS data field.
9. Verification of the CCSDS bitstream shall be by test.  The test shall consist of a transmission of a known set of bits and an inspection of the received data with the transmitted data.  Test shall be considered successful when the PRCU correctly receives the CCSDS bitstream.
10. No verification required.
11. Verification of the CCSDS un-segmented time shall be by test.  The test shall consist of a data transmission with the PRCU and inspection of the transmitted data against the SSP 52050 formats.  Verification shall be to test the integrated rack with the PRCU, for correct test CCSDS un-segmented time.  The verification shall be considered successful when the test shows that the requirement has been met as specified.
12. No verification required.
13. Verification that the integrated rack uses the proper ISO/IEC 8802-3 10 Base T protocols shall be by inspection and test.  The inspection of the integrated rack shall consist of a comparison of the payload unique software ICD against SSP 52050, paragraph 3.3.  The verification shall be considered successful when the unique software ICD shows conformance with the ISO/IEC 8802-3 10 Base T protocol.  The test shall be conducted using the PRCU or equivalent to show compatibility with the ISO/IEC 8802-3 10 Base T protocol.  The test shall be considered successful when the integrated rack successfully communicates with the PRCU or equivalent in the presence of network collisions, per the ISO/IEC 8802-3 for 10 Base T protocol, using an Ethernet packet analyzer.
14. Verification that the integrated rack uses proper gateway protocols and packet format shall be by inspection and test.  The inspection of the integrated rack shall consist of a comparison of the unique integrated rack software ICD against SSP 52050, paragraph 3.3.3 and paragraph 3.3.4.  The verification shall be considered successful when the unique software ICD shows conformance with the gateway protocol and packet format.  The test shall be conducted using the PRCU or equivalent to show compatibility with the gateway protocol and packet format.  The test shall be considered successful when the integrated rack successfully communicates with the PRCU or equivalent per SSP 52050 paragraph 3.3.3 and paragraph 3.3.4.
15. Verification of the MRDL LAN-1 and LAN-2 signal characteristics shall be by test.  Verification shall be to test the integrated rack with the PRCU, for correct test of the MRDL signal requirements per the ISO/IEC 8802-3 for 10 Base T, using an Ethernet network analyzer.  The verification shall be considered successful when the test shows that the requirement has been met as specified.
16. Verification shall be by inspection of the integrated rack MRDL cable and cable design drawings.  Verification shall be considered successful when it is shown that the integrated rack MRDL cable meets SSQ 21655, Cable, Electrical, MIL-STD-1553 Databus, Space Quality, General Specification for, 100 ohm or equivalent.  Equivalent specifications must address the low attenuation, reliability, and environmental requirements as specified in SSQ 21655.  Vendor documentation of wire qualification to SSQ 21655 or equivalent can be used to perform this verification.
C. This requirement shall be verified by inspection.  An inspection of the BEAM drawings shall be performed.  The verification shall be considered successful when the requirement is as specified.
D. This requirement shall be verified by inspection.  An inspection of the BEAM drawings shall be performed.  The verification shall be considered successful when the requirement is as specified.

E. Verification of this requirement shall be by inspection of the JSC Radio Frequency Authorization/Approval form from the NASA JSC Frequency Spectrum Manager, which provides approval for the payload’s frequency range and power levels for radiating and/or receiving signals.  Verification shall be considered successful when the inspection of the JSC Radio Frequency Authorization approval form shows frequency approval for the use of the specified frequency band.
Note 1:  A Payload still must meet EMI Radiation Emissions requirements per SSP 30237 outside the intentional radiating frequency band.
Note 2:  It can take between 6 and 9 months for the analysis/coordination and time it takes to receive the frequency license from the National Telecommunication and Information Administration (NTIA).  In order to meet the verification submittal due date of Launch minus (L-)7.5 months, the coordination process must start no later than 16 months prior to launch.
F. This requirement shall be verified by inspection.  An inspection of the BEAM design drawings shall be performed.  The verification shall be considered successful when the inspection shows that the seat track buttons are installed as shown. 
4.3.2.4.2.2 ISS Data

A. This requirement shall be verified by inspection.  An inspection of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that BEAM provides BEAM temperature and pressure data to the crewmember in the vestibule.
B. This requirement shall be verified by inspection.  An inspection of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that BEAM provides redundant BEAM temperature and pressure data to the crewmember in the vestibule
4.3.2.5 Passive Thermal Control Interfaces

4.3.2.5.1 Passive Interface Temperature

A. This requirement shall be verified by analysis.  This requirement is for berthing of PCBM.  Analysis shall be conducted to confirm compatibility for ISS berthing operation.  Analysis is done by BEAM supplier per NASA provided models.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the MMOD layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  The verification shall be considered successful when the test-validated thermal analysis results indicate that the temperatures of interface surfaces are within the required limits.
B. This requirement shall be verified by analysis.  This requirement is for the pressurization of the vestibule volume prior to crew ingress.  Analysis shall be conducted to confirm PCBM and vestibule interior surfaces are within required limits.  Analysis is done by BEAM supplier per NASA provided models.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the MMOD layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  The verification shall be considered successful when the test-validated thermal analysis results indicate that the temperatures of interface surfaces are within the required limits.
C. This requirement shall be verified by analysis.  This requirement is for hatch opening through the remainder of the mated phase.  Analysis shall be conducted to confirm mating surfaces are maintained within required limits.  Analysis is done by BEAM supplier per NASA provided models.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the MMOD layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  The verification shall be considered successful when the test-validated thermal analysis results indicate that the temperatures of surfaces are within the required limits.
4.3.2.5.2 Conductive Heat Transfer

This requirement shall be verified by analysis.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the MMOD layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  The verification shall be considered successful when the test-validated thermal analysis results predict that the temperature limits of the BEAM PCBM is maintained, assuming no conductive heat transfer with ISS.
4.3.2.6 evr Interfaces

A. This requirement shall be verified by inspection.  An inspection of the BEAM drawings shall be performed to verify a compatible grapple fixture.  The verification shall be considered successful when the inspection shows compliance with the requirement as specified.
B. This requirement shall be verified by inspection and analysis.  An inspection of the BEAM drawings and analysis shall be performed to verify the payload properties.  The verification shall be considered successful when the inspection and analysis shows compliance with the requirement as specified.
C. This requirement shall be verified by analysis.  An integrated analysis shall be performed by NASA to determine potential contact points during berthing/unberthing operations involving hardware not designed for contact (i.e., non-CBM hardware) and to disposition contacts that can be precluded by operational constraints.  For any remaining contact points, an analysis shall be performed by the Bigelow to determine the effects of the specified contact conditions.  The verification shall be considered successful when the analysis shows any unintended contact with ISS hardware can be precluded by operational constraints or that contacting hardware is able to withstand the specified contact conditions.
D. This requirement shall be verified by system analysis.  A system analysis shall be performed by NASA EVR to verify the berthing operation.  The verification shall be considered successful when the analysis shows compliance with the requirement as specified.
E. This requirement shall be verified by analysis.  An analysis shall be performed to verify Ready-to-Latch.  The verification shall be considered successful when the analysis shows compliance with the requirement as specified.
F. This requirement shall be verified by analysis.  An analysis shall be performed to verify the contact conditions.  The verification shall be considered successful when the analysis shows compliance with the requirement as specified.

G. This requirement shall be verified by analysis.  An analysis shall be performed to verify equipment within 2 feet can sustain the berthing contact forces.  The verification shall be considered successful when the analysis shows compliance with the requirement as specified.
H. This requirement shall be verified by analysis.  An analysis shall be performed to verify that the capture envelope is larger than the SSRMS placement accuracy.  The verification shall be considered successful when the analysis shows compliance with the requirement as specified.

I. This requirement shall be verified by analysis.  An analysis of the Latching End Effector mechanism shall be performed.  Verifications shall be considered successful when the analysis shows that the SSRMS release capabilities are in compliance with the requirements as specified.
J. This requirement shall be verified by inspection.  A review of the BEAM drawings shall be performed to insure that BEAM does not protrude within one foot of the Robotics translation corridor.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
K. This requirement shall be verified by inspection and analysis.  An inspection of the BEAM drawings and analysis shall be performed to verify the payload properties.  The verification shall be considered successful when the inspection and analysis shows compliance with the requirement as specified.

L. This requirement shall be verified by inspection.  A review of the BEAM drawings shall be performed to insure that the BEAM FRGFs meet the minimum separation distance.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
4.3.2.6.1 Grapple Fixture Locations
A. This requirement shall be verified by inspection.  The inspection shall consist of a review of the BEAM drawings.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
B. This requirement shall be verified by inspection.  The inspection shall consist of a review of the BEAM drawings.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
C. This requirement shall be verified by inspection.  The inspection shall consist of a review of the BEAM design.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.6.2 FRGF Interfaces
A. This requirement shall be verified by an inspection of flight drawings.  The verification shall be considered successful when the inspection shows compliance with the requirement as specified.  Verification shall consider disposal and deflation cases in addition to deployment cases.

B. This requirement shall be verified by an inspection of flight drawings.  The verification shall be considered successful when the inspection shows compliance with the requirement as specified.

C. The requirement shall be verified by analysis.  The verification shall be considered successful when the analysis shows compliance with the requirement as specified.  Verification shall consider disposal and deflation cases in addition to deployment cases.

D. The requirement shall be verified by analysis.  The verification shall be considered successful when the analysis shows compliance with the requirement as specified.  Verification shall consider disposal and deflation cases in addition to deployment cases.
E. This requirement shall be verified by an inspection of flight drawings.  The verification shall be considered successful when the inspection shows compliance with the requirement as specified.

F. This requirement shall be verified by analysis.  The verification shall be considered successful when the analysis shows compliance with the requirement as specified.

G. This requirement shall be verified by test and inspection of flight drawings.  The verification shall be considered successful when the test and inspection shows compliance with the requirement as specified.
4.3.2.7 eva Interfaces
Verification performed under sub-paragraphs.
4.3.2.7.1 EVA Worksites

Verification shall be by analysis.  The verification shall be considered successful when the data shows that worksites have been established as required.

4.3.2.7.1.1 External Task Location Requirements
Verification shall be by analysis.  The verification shall be considered successful when the analysis shows that tasks are located as required.
4.3.2.7.1.2 EVA Crewmember Field of View

Verification shall be by analysis.  The verification shall be considered successful when the analysis shows that equipment, controls, displays and markings are located as required.
4.3.2.7.1.3 Working Volume
Verification shall be by analysis.  The verification shall be considered successful when the analysis shows that working volume is provided as required.

4.3.2.7.1.3.1 Working Volume Height
Verification shall be by analysis.  The verification shall be considered successful when the analysis shows that working volume height is provided as required.

4.3.2.7.1.4 Gloved Operation
Verification shall be by analysis.  The verification shall be considered successful when the analysis shows that glove clearance is provided as specified for EVA hand actuation operations.

4.3.2.7.1.5 Dedicated EVA Worksites

No verification required.

4.3.2.7.1.5.1 Criteria for Dedicated EVA Worksites

Verification shall be by analysis.  The verification shall be considered successful when the data shows that dedicated EVA worksites have been established where required.

4.3.2.7.1.5.2 Dedicated EVA Worksite Provisions

No verification required.
4.3.2.7.1.5.2.1 Translation Paths to the Worksites

Verification shall be by analysis.  The verification shall be considered successful when the data shows that a translation path has been provided to the worksite.

4.3.2.7.1.5.2.2 Dedicated EVA Worksite Tether Points

Verification shall be by analysis.  The verification shall be considered successful when the data shows the attached payload provides tether points at the dedicated worksite as required.

4.3.2.7.1.5.2.3 Dedicated EVA Worksite Restraints and Handling Aids

Verification shall be by analysis.  The verification shall be considered successful when the data shows that mobility aids are provided at the worksite as required.

4.3.2.7.1.6 Robotic Assisted EVA Worksites

Verification shall be by analysis.  The verification shall be considered successful when it is shown that for an identified Robotic assisted EVA worksite the crew transport and restraint capability is within the kinematic and reach envelope of the manipulator.

4.3.2.7.1.6.1 Robotic Assisted Worksite Provisions

No verification required.
4.3.2.7.1.6.1.1 Robotic Assisted Worksite Force Reaction Mechanism

Verification shall be by analysis.  The verification shall be considered successful when it is shown that the identified Robotic assisted EVA worksite(s) on the payload provide(s) the force reaction mechanism for the conditions as specified.
4.3.2.7.1.6.1.2 Robotic Assisted Worksite Force Reaction Location

Verification shall be by analysis.  The verification shall be considered successful when it is shown that the identified Robotic assisted EVA worksite(s) on the payload provide(s) the force reaction mechanism is located as specified.

4.3.2.7.1.6.1.3 Robotic Assisted Worksite Tether Points

Verification shall be by analysis.  The verification shall be considered successful when the data shows the attached payload provides tether points at the robotic assisted worksite as required.

4.3.2.7.1.7 Free-Float EVA Worksites

4.3.2.7.1.7.1 Free-Float Worksite Provisions

No verification required.
4.3.2.7.1.7.1.1 Translation Paths to the Worksite

This requirement shall be verified by analysis.  The verification shall be considered successful when the data shows that a translation path has been provided to the worksite.
4.3.2.7.1.7.1.2 Free-Float EVA Worksite Tether Points

Verification shall be by analysis.  The verification shall be considered successful when the data shows the attached payload provides tether points at the free-float worksite as required.

4.3.2.7.1.7.1.3 Free-Float EVA Worksite Restraints and Handling Aids

Verification shall be by analysis.  The verification shall be considered successful when the data shows that mobility aids are provided at the worksite as required.
4.3.2.7.2 EVA Restraints and Mobility Aids

4.3.2.7.2.1 EVA Handholds/Handrails

4.3.2.7.2.1.1 Translation Handhold/Handrail Locations

Verification shall be by inspection.  An inspection of the payload drawings shall be performed to ensure that all terminal points and direction change points on translation paths provide mobility aids.  The inspection shall be considered successful when the drawings show that mobility aids are provided as required.
4.3.2.7.2.1.2 Translation Handhold/Handrail Orientation

Verification shall be by inspection.  The verification shall be considered successful when the inspection of drawings show that handholds are oriented as required.

4.3.2.7.2.1.3 Equipment Accessibility

Verification shall be by analysis.  The verification shall be considered successful when the data shows that handholds are positioned not to visually or physically obstruct crew equipment and consoles.

4.3.2.7.2.1.4 EVA Handhold/Handrail Dimensions
Verification shall be by inspection.  The verification shall be considered successful when the inspection of drawings show that handhold and handrails are dimensioned as required.

4.3.2.7.2.1.4.1 EVA Handhold/Handrail Clearance

Verification shall be by inspection.  The verification shall be considered successful when the inspection of drawings show that handhold and handrails provide clearance as required.

4.3.2.7.2.1.4.2 Handhold/Handrail Grip Length

Verification shall be by inspection.  The verification shall be considered successful when the inspection of drawings show that handholds and handrails are dimensioned as required.

4.3.2.7.2.1.4.3 EVA Handhold/Handrail Clearance Envelope

Verification shall be by inspection.  The verification shall be considered successful when the inspection of drawings show that the required clearance envelope exists around the handholds/handrails.

4.3.2.7.2.1.5 Handhold/Handrail Structural Loading
A.
Verification shall be by analysis and inspection.  The verification shall be considered successful when the analysis and inspection of drawings show that handholds and handrails meet the loads and color requirements as specified.

B.
Verification shall be by analysis and inspection.  The verification shall be considered successful when the analysis and inspection of drawings show that handholds and handrails meet the loads and color requirements as specified.

4.3.2.7.2.1.6 Handhold/Handrail Electrical Bonding
Verification shall be by inspection.  Verification shall be considered successful when inspection shows that the handhold/handrail to attached payload satisfies a class “S” bond in accordance with SSP 30245.

4.3.2.7.2.1.7 Handhold/Handrail Spacing for Worksites

4.3.2.7.2.1.7.1 Spacing for Worksites – Above or Below

Verification shall be by analysis.  The verification shall be considered successful when the data shows that crew mobility aids and grasp points are placed as required.

4.3.2.7.2.1.7.2 Spacing for Worksites – Left or Right

Verification shall be by analysis.  The verification shall be considered successful when the data shows that crew mobility aids and grasp points are placed as required.

4.3.2.7.2.2 Tether Attachment Points

4.3.2.7.2.2.1 EVA Handhold/Handrail Safety Tether Hooks

Verification shall be by inspection.  The verification shall be considered successful when the inspection shows the handrail/handhold accommodate safety tether hooks.

4.3.2.7.2.2.2 EVA Handhold/Handrail Safety Tether Point Color and Structural Loading

A.
Verification shall be by analysis and inspection.  The verification shall be considered successful when the analysis and inspection of drawings show that handhold/handrail safety tether meets the loads and color requirements as specified.

B.
Verification shall be by analysis and inspection.  The verification shall be considered successful when the analysis and inspection of drawings show that handhold/handrail safety tether meets the loads and color requirements as specified.

4.3.2.7.2.2.3 EVA Handhold/Handrail Tether Point Dimensions
Verification shall be by inspection.  The verification shall be considered successful when the inspection shows the handrail/hold tether point meets the required dimension.

4.3.2.7.2.2.4 EVA Equipment Tether Attach Points

This requirement shall be verified by inspection.  The verification shall be considered successful when the inspection shows the attached payload has provided tether hook receptacles as required.

4.3.2.7.2.2.5 EVA Standardized Tether Receptacle
Verification shall be by inspection.  The verification shall be considered successful when the inspection shows tether hook receptacles have been provided on the surface the equipment will be secured.

4.3.2.7.3 EVA Translation Paths
Verification shall be by inspection.  The verification shall be considered successful when the inspection of payload drawings document the translation paths have gaps less than or equal to 24 inches.
4.3.2.7.3.1 Translation Path Diameter

Verification shall be by inspection.  The verification shall be considered successful when the inspection of drawings show that for each defined EVA translation path; there exists an unobstructed translation corridor that is a minimum of 43 inches in diameter.

4.3.2.7.3.2 Tethered Two-Handed Translation

Verification shall be by analysis.  The verification shall be considered successful when the data shows that for each translation path, handholds, handrails, or a slidewire have been provided for controlled, tethered, and two-handed translation.
4.3.2.7.3.3 Tethered Attachment Points

Verification shall be by analysis.  The verification shall be considered successful when the data shows that the attached payload provides tether points along translation routes as required.
4.3.2.7.4 Danger and Warning Locations

No verification required.
4.3.2.7.5 EVA Tools

No verification required.
4.3.2.8 Environmental Interfaces

4.3.2.8.1 Natural Environments
4.3.2.8.1.1 Thermal

The requirements in subparagraphs A through E shall be verified by thermal analysis which incorporates both the BEAM thermal model and the ISS thermal model.  The analysis shall determine BEAM performance using configuration data, Space Station and visiting vehicle thermal interface data, material data, equipment and crew thermal loading models and test data.  The analysis shall address shadowing and radiant energy interaction between the BEAM and other Space Station elements, vehicles docking with and docked to the Space Station; thermal environment sensitivity effects resulting from articulating surfaces during both tracking and fixed-pointing modes of operation; heating of surfaces due to thruster plume impingement from the Space Station thrusters and vehicles docking with and docked to the Space Station; heat from electric power loads, power transmission, parasitic losses, crew metabolic loads, induced environmental, and electrochemical sources.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the MMOD layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  The verification shall be considered successful when the test-validated thermal analysis shows that the requirements have been met as specified.
4.3.2.8.1.2 Pressure

This requirement shall be verified by test or analysis at the component level.  The verification shall be considered successful when the test or analysis shows that the requirement has been met as specified.
4.3.2.8.1.3 M/OD Protection

4.3.2.8.1.3.1 Meteoroids and Orbital Debris

This requirement shall be verified by NASA analysis.  The analysis shall consist of a review of the sub-paragraph verification.  The verification shall be considered successful when the analysis shows that the requirements have been satisfied as written.
4.3.2.8.1.3.2 Structure Penetration

This requirement shall be verified by analysis supported by hypervelocity impact tests.  The Bumper-II analysis code shall be used to assess MMOD PNP.
Note:
Impact tests will be used to develop and verify BEAM shielding performance equations used in the MMOD PNP analysis.  Assessments will be performed to determine the limits of acceptable damage to the restraint layer that does not lead to structural failure of the restraint or loss of pressure integrity.  The specified MMOD environment models shall be used in the assessment.  The failure modes that lead to loss of pressure integrity shall be considered in the PNP analysis.  All pressurized components of BEAM shall be considered in the PNP analysis.  The verification will be considered successful when the data and analysis shows that the BEAM PNP meets or exceeds the requirements as specified.
4.3.2.8.1.3.3 Meteoroids and Orbital Debris Vulnerability

This requirement shall be verified by NASA analysis supported by hypervelocity impact test data.  The analysis shall be performed using the Bumper II or equivalent analysis code, the M/OD environments defined in paragraph 3.2.8.1.3.1, the BEAM configuration, ISS configuration, and flight attitudes.  The verification shall be considered successful when the analysis shows a minimum PNSP specified in 3.2.8.1.3.2.
4.3.2.8.1.4 Atomic Oxygen

This requirement shall be verified by inspection.  An inspection of the BEAM drawings shall be performed to verify that the BEAM design is in compliance with the material requirements as specified in SSP 30233, Space Station Requirements for Materials and Processes, Section 3.0.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.8.1.5 Plasma

This requirement shall be verified by inspection.  An inspection of the BEAM drawings shall be performed to verify that the BEAM materials (including surface coatings) exposed to the specified plasma environment have breakdown voltages in excess of 40 volts.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.8.1.6 Solar Ultraviolet Radiation

This requirement shall be verified by inspection.  An inspection of the BEAM drawings shall be performed to verify that the BEAM design is in compliance with the material requirements as specified in SSP 30233, Section 3.0.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.8.1.7 Ionizing Radiation

An analysis of equipment shall be performed using the operational lifetime and parts characterization data to assure that the design meets the specified performance when exposed to the radiation dose environment.  For materials, existing literature from similar applications shall be analyzed to show that the materials will meet the specified performance when exposed to the radiation dose environment.  The verification shall be considered successful when the analysis shows that equipment performance, including design margins, will be met in the specified environment.
4.3.2.8.2 Induced Environments
4.3.2.8.2.1 Thermal
This requirement shall be verified by test.  A test shall be performed, whereby the BEAM components are cycled through the temperature environment.  The test shall be performed in accordance with SSP 41172.  The verification shall be considered successful when the test shows that the requirement has been satisfied as written.
4.3.2.8.2.2 Pressure
This requirement shall be verified by analysis or test.  A pressure analysis utilizing BEAM component drawings and material lists shall address the pressure extremes over the specified pressure range if the BEAM internal equipment has vent paths.  If the BEAM internal equipment does not have vent paths, then a test shall be performed in accordance with SSP 41172.  The verification shall be considered successful when the analysis or test shows that the requirement has been satisfied as written.
4.3.2.8.2.3 Humidity
This requirement shall be verified by inspection.  An inspection of the BEAM drawings shall be performed to verify that the BEAM design is in compliance with the material requirements as specified in SSP 30233, Section 3.0.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.8.2.4 Acceleration
This requirement shall be verified by analysis.  An analysis shall be conducted of the BEAM hardware for ISS on-orbit accelerations and documented in the Structural Analysis Report.  Verification shall be considered successful when the analysis confirms the BEAM hardware will operate in the on-orbit acceleration environment.
4.3.2.8.2.5 Vibration
This requirement shall be verified by test and analysis.  The analysis shall be based on component level tests that show they can withstand random vibration environments as defined in Table 3.2.8.2.5-1 being demonstrated by the successful completion of its hard-mount qualification random vibration test in accordance with SSP 41172, paragraph 4.2.5, Random Vibration Test, Component Qualification.  The verification shall be considered successful when the analysis shows the component testing was completed successfully and the component design loads will not be exceeded during on-orbit operation.
4.3.2.8.2.6 Electromagnetic Compatibility
This requirement shall be verified by test.  An electromagnetic compatibility test shall be conducted on BEAM components in accordance with SSP 30243.  The verification shall be considered successful when the BEAM components are shown to have the required safety margins on critical functions and are electromagnetically compatible.  Prior to beginning verification activities, a verification plan addressing proposed verification activities for the following requirements shall be delivered to NASA:

3.2.4.1.3
Grounding

3.2.4.1.4
Shielding

3.2.4.1.6
Electrical Bonding

3.2.4.1.7
Electromagnetic Interference Safety Margins for Critical Circuits

3.2.4.1.8
Electroexplosive Devices

3.2.7.2.1.6
Handhold/Handrail Electrical Bonding

3.2.8.2.6
Electromagnetic Compatibility

3.2.8.3.1
Electromagnetic Interference

3.2.8.3.2
Electrostatic Discharge 

4.3.2.8.2.7 Plume Impingement
This requirement shall be verified by analysis.  The analysis shall consist of a review of the BEAM design.  The verification shall be considered successful when the analysis shows that the requirement has been satisfied as written.
4.3.2.8.3 Environmental Constraints

4.3.2.8.3.1 Electromagnetic Interference
This requirement shall be verified by test.  EMI testing of BEAM ORUs shall be performed to verify the requirements as specified in SSP 30237 have been satisfied.  The verification shall be considered successful when the BEAM components are shown to have complied with the requirements of SSP 30237.  EMI test reports and as-run test procedures shall be included as part of verification submittals.
4.3.2.8.3.2 Electrostatic Discharge
This requirement shall be verified by inspection.  An inspection of the BEAM drawings shall be performed to insure that any electrostatic sensitive components are labeled.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.8.3.3 Acoustic Noise Limits
Verification not required.  SPL test measurements will use a Type 1 Sound Level Meter in accordance with ANSI S1.43, Specifications for Integrating - Averaging Sound Level Meters, or IEC 61672-1, Electroacoustics - Sound Level Meters - Part 1: Specifications.  The preferred instrument for acoustic verification is the Type 1 integrating–averaging sound level meter.  This meter can either be of the handheld or component system variety.
Octave band filters used for verification measurements will at least meet the Order 3, Type 1–D specifications in accordance with ANSI S1.11, Specification for Octave-Band and Fractional-Octave Band Analog and Digital Filters, or meet the Class 1 specifications in accordance with IEC 61260, Electroacoustics - Octave-Band and Fractional-Octave-Band Filters, over the frequency range required for verification.
4.3.2.8.3.3.1 spl Limits – Continuous Noise
The continuous noise limit shall be verified by test and analysis.  Test measurements of the IMV diffusers shall be made in an acoustic chamber in the flight like configuration.  Hardware shall be operated across the expected range of operational settings (including settings corresponding to the expected highest noise levels).  Equivalent-continuous sound level, Leq, measurements shall be made within each octave band with center frequencies ranging from 63 Hz to 8 kHz, using a Type 1 integrating-averaging sound level meter, with a 20-second averaging time.  Measurements shall be made 0.6 meters from the center of each diffuser.  The analysis shall include IMV fan noise estimates, based on data provided by NASA.  The analysis shall also include an estimate of BEAM reverberation based on acoustic absorption measurements of BEAM interior pressure shell materials.

The verification shall be considered successful when field testing and analysis indicates that the estimated SPLs inside BEAM do not exceed the levels given in Table 3.2.8.3.3.1-1.
4.3.2.8.3.3.2 Impulse Noise
The impulse noise limit shall be verified by test.  The SPL measurements for this verification shall be made using the flight-like equipment.  Formal verification is not required for equipment with impulse noises having peak overall SPLs of less than 110 dB.  Peak-hold SPL measurements shall be made using a Type 1 sound level meter on all equipment that emits significant impulse noise at expected head locations.  The frequency response of the sound level meter shall extend to at least 6 Hz at its lower limit.  Measurement locations relative to specific noise sources must correspond to the shortest distance from the loudest point on the hardware to the closest possible crewmember head location.  This verification shall be considered successful when the test results show that the peak overall SPL measurements are less than 140 dB.
4.3.2.8.3.3.3 spl Limits – Gas Delivery Intermittent Noise
The gas delivery systems and pressure equalization valve intermittent noise limit shall be verified by test and analysis.  SPL measurements shall be made of the actual flight hardware in its flight configuration with closeouts installed.  Hardware shall be operated across the expected range of settings, including settings corresponding to the expected highest noise levels.  Measurements shall be made using a Type 1 integrating-averaging sound level meter.  The maximum A-weighted overall SPL (Lamax) shall be measured with a fast (125 ms) exponentially-weighted time-averaged response.  Analysis shall be used to include any measured acoustical effects of the hardware installation configuration, or to combine measured SPLs of hardware items that must be operated simultaneously, when these factors are not accurately represented in field tests.  If the noise generated by a specific hardware item is influenced by the operation of another hardware item, then these hardware items shall be tested together.  This verification shall be considered successful when the test  (and any performed simulations) indicate that the maximum noise level for the duration of intermittent operation, measured 0.6 m from the outside of the BEAM hatch, meet the level and duration limits specified in Table 3.2.8.3.3.1-1.
4.3.2.8.3.3.4 Loudspeaker Alarm Audibility
The loudspeaker alarm audibility levels shall be verified by test and analysis.  Results of on-orbit alarm acoustic measurements, provided by NASA, shall be used to predict the alarm levels inside BEAM.  Analysis shall be used to compare the estimated alarm levels to the calculated masked threshold, based the continuous noise level estimates developed for requirement 3.2.8.3.3.1.  The verification shall be considered successful when the test and analysis indicates that, for each frequency component of the annunciation, the level in at least one one-third-octave band is more than 13 dB above the BEAM masked threshold.

4.3.2.8.3.3.5 Reverberation Time

The reverberation time limit shall be verified by test and analysis.  Impedance tube testing of sample materials shall be used to estimate the absorption of BEAM interior surfaces.  The reverberation time shall be calculated based on BEAM geometry, and using the measured BEAM material absorption coefficients.  Reverberation time estimates shall be documented for the 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1 kHz, 2 kHz, and 4 kHz octave bands.  The verification shall be considered successful when the estimated reverberation time is less than 0.6 seconds in the 500 Hz, 1 kHz, and 2 kHz octave bands.

4.3.2.8.3.3.6 IMV spl Limits

This requirement shall be verified by analysis or test.  The analysis shall consist of a review of the BEAM design and component data.  A test may be run to directly measure the noise in a simulated situation.  The verification shall be considered successful when the analysis or test shows that the requirement has been satisfied as written.
4.3.2.8.3.4 Preclude Condensation
A. This requirement shall be verified by analysis.  An analysis of the BEAM design and thermal environment shall be performed to determine the dew point within BEAM.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the MMOD layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  The verification shall be considered successful when the test-validated thermal analysis shows that the requirement has been satisfied as written.
B. This requirement shall be verified by analysis.  An analysis of the BEAM design and thermal environment shall be performed to determine the dew point within BEAM.  The verification shall be considered successful when the analysis shows that the requirement has been satisfied as written.
4.3.2.8.3.5 Atmospheric Contamination
4.3.2.8.3.5.1 External Contamination
A. This requirement shall be verified by analysis by the Space Environments Team.  BEAM shall supply the required materials out-gassing characteristics (including materials, locations, surface area, out-gassing rate and temperature), the required venting characteristics (including mass flow rate, effluent composition, blow-down curves, temperature, plume model and pressure) and pyrotechnic characteristics (including effluent composition, mass released of each effluent component) to the Boeing Space Environments Team.  Materials out-gassing testing shall be performed of BEAM materials exposed to space vacuum per guidelines established in ASTM E1559, Standard Test Method for Contamination Outgassing Characteristics of Spacecraft Materials.  The test shall be of long duration (144 hours minimum).  The materials samples (emitters) shall be tested at their nominal operating temperatures.  During the ASTM E1559 testing, the Thermally-controlled Quartz Crystal Microbalances (TQCM) will be maintained at 80K, −40°C, -10°C, +25°C.  The verification shall be considered successful when the BEAM induced contamination analysis demonstrates that cumulative contaminant deposits do not exceed 1.E–15 g/cm2/s (3 Å/year) on ISS sensitive surfaces using the nominal operating temperature of the contamination source materials (emitters) and nominal operating temperatures of ISS sensitive surfaces (receivers).
B. This requirement shall be verified by analysis by the Space Environments Team.  BEAM shall supply the required materials out-gassing characteristics (including materials, locations, surface area, out-gassing rate and temperature), the required venting and leakage characteristics (including mass flow rate, effluent composition, blow-down curves, temperature, plume model and pressure) and pyrotechnic characteristics (including effluent composition, mass released of each effluent component) to the Boeing Space Environments Team.  Materials out-gassing testing shall be performed of BEAM materials exposed to space vacuum per guidelines established in ASTM E1559.  The test shall be of long duration (144 hours minimum).  The materials samples (emitters) shall be tested at their nominal operating temperatures.  During the ASTM E1559 testing, the TQCMs will be maintained at 80K, −40°C, -10°C, +25°C.  The verification shall be considered successful when the BEAM molecular column density analysis demonstrates that the contribution to the molecular column density created by the presence of BEAM contamination sources along any unobstructed line-of-sight of ISS attached payloads does not exceed 1.E+14 molecules/cm2 for individual released species.
C. This requirement shall be verified by inspection.  The verification shall be considered successful when the BEAM certification data demonstrates that the requirement has been satisfied as written.
D. This requirement shall be verified by inspection.  The verification shall be considered successful when the BEAM certification data demonstrates that the requirement has been satisfied as written.
4.3.2.8.3.5.2 Internal Contamination
This requirement shall be verified by test.  An off-gassing test shall be performed prior to launch by closing the BEAM and removing samples and analyzing the samples.  An evaluation of the off-gas materials shall be performed to verify that the combined materials selected meet the SMAC levels as specified.  The test shall control materials off-gassing into the atmosphere such that the projected T value upon crew first entry on orbit is less than 3 units based on 7-day SMACs found in JSC 20584.  The first entry projection shall be based on ground based testing of the sealed module over a period of time at least 1/5th of the time from vehicle’s last air purge on the ground to the crew’s first entry on orbit.  The verification shall be considered successful when the test data prove that the BEAM atmosphere meets the specified SMAC levels at hatch opening.
4.3.2.8.3.6 Microbial Contamination
4.3.2.8.3.6.1 Atmospheric Microbial Contamination

This requirement shall be verified by test.  The test shall consist of sampling for airborne bacteria and fungi using an impaction or impingement sampler.  Sampling techniques and processes shall be approved by NASA in a documented procedure.  The verification shall be considered successful when the test shows that the requirement has been satisfied as written.
4.3.2.8.3.6.2 Surface Microbial Contamination

This requirement shall be verified by test.  The test shall consist of sampling for surface bacteria and fungi.  Sampling techniques and processes shall be approved by NASA in a documented procedure.  The verification shall be considered successful when the test shows that the requirement has been satisfied as written.
4.3.2.8.3.7 Microgravity Limitations
4.3.2.8.3.7.1 Limit Quasi-Steady Accelerations
The requirements shall be verified by analysis.  The analysis shall determine the acceleration response to the BEAM disturbances.  The analyses shall use the transfer functions as specified in SSP 50036, paragraph 5.4.1, and shall adhere to the methods and verification criteria therein in accordance with paragraphs 5.4.1 and 6.2.  BEAM disturbance inputs shall themselves be validated to the maximum extent possible by test correlation.  The verification shall be considered successful when the analyses show that the BEAM will meet the specified acceleration performance levels when exposed to the operational conditions consistent with microgravity mode.
4.3.2.8.3.7.2 Limit Vibratory Accelerations
The requirements shall be verified by analysis.  The analysis will be supported by data derived from the tests performed BEAM.  The analyses shall use the transfer functions and Space Station system models as specified in SSP 50036, paragraphs 5.4.2 and 5.4.3, and shall adhere to the methods and verification criteria therein in accordance with paragraphs 5.4.1, 5.4.3, and 6.2.  The BEAM disturbance inputs shall themselves be validated to the maximum extent possible by test correlation.  The verification shall be considered successful when the analyses show that the BEAM will meet the specified acceleration performance levels when exposed to the operational conditions consistent with microgravity mode.
4.3.2.8.3.8 Cleanliness
A. This requirement shall be verified by inspection.  An inspection of drawings shall be performed for referenced cleanliness standards to verify the standards are in accordance with SN-C-0005 VC-S.  Verification shall be considered successful when the proper cleanliness requirements are specified on the end item drawings.
B. This requirement shall be verified by inspection.  An inspection of drawings shall be performed for referenced cleanliness standards to verify the standards are in accordance with SN-C-0005 VC-S.  Verification shall be considered successful when the proper cleanliness requirements are specified on the end item drawings.

C. This requirement shall be verified by inspection.  An inspection of drawings shall be performed for referenced cleanliness standards to verify the standards are in accordance with SN-C-0005 VC-S.  Verification shall be considered successful when the proper cleanliness requirements are specified on the end item drawings.
4.3.2.8.3.9 Wireless Communications

Verification of this requirement shall be by inspection of the JSC Radio Frequency Authorization approval form from the NASA JSC Frequency Spectrum Manager, which provides approval for the payload’s frequency range and power levels for radiating and/or receiving signals.  Verification shall be considered successful when the inspection of the JSC Radio Frequency Authorization approval form shows frequency approval for the use of the specified frequency band.

Note 1:  A Payload still must meet EMI Radiation Emissions requirements per SSP 30237 outside the intentional radiating frequency band.

Note 2:  It can take between 6 and 9 months for the analysis/coordination and time it takes to receive the frequency license from the NTIA.  In order to meet the verification submittal due date of L-7.5 months, the coordination process must start no later than 16 months prior to launch.

4.3.2.8.3.10 Limit Angular Momentum Disturbance

4.3.2.8.3.10.1 Limit Disturbance Induced ISS Attitude Rate

This requirement shall be verified by analysis.  This analysis shall consist of a comparison of the calculated angular momentum impulse due to BEAM open loop onboard disturbances to the per axis angular momentum allocations to verify that the allocations are not exceeded.  Disturbance effects due to vent plume impingement shall be verified by NASA.  The disturbance angular momentum impulse will be calculated as the integral of the disturbance torque relative to the ISS assembly complete center of mass over the specified period of time.  For constant, continuously increasing, or continuously decreasing disturbance torques over two or more adjacent 9 minute periods, the difference in angular momentum impulse of the adjacent 9 minute periods should be used.  ISS assembly complete center of mass and element location and design parameters, as identified in JSC 26557, On-Orbit Assembly, Modeling, and Mass Properties Data Book, Volume I, are to be used.  The verification shall be considered successful when analysis shows that the per axis open loop disturbance angular momentum impulses are as specified for each axis.  This verification will be limited to disturbance sources that could normally operate during micro-gravity operations.
4.3.2.8.3.10.2 Limit Disturbance Induced CMG Momentum Usage
This requirement shall be verified by analysis utilizing analytical models of the disturbance.  This analysis shall consist of calculating the angular momentum impulse for each axis due to BEAM open loop onboard disturbances and applying them in the specified equation for estimating worst case CMG momentum usage.  Disturbance effects due to vent plume impingement shall be verified by NASA.  The disturbance angular momentum impulse will be calculated as the integral of the disturbance torque relative to the ISS assembly complete center of mass over the specified period of time.  For constant, continuously increasing, or continuously decreasing disturbance torques over two or more adjacent 110 minute periods, the difference in angular momentum impulse of the adjacent 110 minute periods should be used.  ISS assembly complete center of mass and element location and design parameters, as identified in JSC 26557 (DAC 8, Revision E Sequence, Revision J), Volume I, dated August 1999, are to be used.  The verification shall be considered successful when analysis shows that the estimated worst case CMG momentum usage is less than the specified amount.  This verification will be limited to disturbance sources that could normally operate during micro-gravity operations.
4.3.2.9 Crew Interfaces
4.3.2.9.1 Human Factors for Activation Box
4.3.2.9.1.1 Accidental Actuation
This requirement shall be verified by inspection.  The inspection shall consist of a review of the BEAM activation box drawings to insure that the proper controls have been put in place.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.9.1.2 LABELING
This requirement shall be verified by inspection.  The inspection shall consist of a review of the BEAM activation box drawings to insure that the proper controls have been put in place.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.9.2 Translation Paths

The translation path in the BEAM shall be verified by analysis or demonstration.  Analysis or demonstration shall show the translation pathways and crew postures necessary to perform required tasks inside BEAM.  Analysis shall be performed using Computer Aided Design (CAD) 3D models with human modeling.  Demonstration shall be performed with flight-representative configurations of BEAM internal volume, equipment, and crew tasks.  The verification shall be considered successful when the analysis or demonstration confirms that the BEAM translation path is compliant with the minimum emergency translation path dimensions and if crew are required to work in an upright or neutral body posture, that the standard passageway dimension is met.

4.3.2.9.3 Crew Restraints and Mobility Aids

The attachment interfaces for ISS restraints and mobility aids shall be verified by inspection.  The inspection shall consist of a review of engineering drawings or CAD 3D models of locations where crew will perform tasks and translate within the BEAM.  The verification shall be considered successful when the inspection shows that attachment interfaces are provided for ISS restraints and mobility aids in locations that support crew task performance and translation.
4.3.2.9.4 Crew Interface Labeling
The labeling of crew interfaces shall be verified through inspection.  The inspection shall consist of review of labeling plans and/or drawings showing labeling on equipment and other interfaces which crew will operate or maintain.  The verification shall be considered successful when the inspection confirms that crew interfaces are identified with labeling.

4.3.2.9.5 Hatch Operation

This requirement shall be verified by demonstration.  A demonstration shall be performed by representative crew on a flight-similar integrated hatch assembly.  The verification shall be considered successful when the demonstration shows that the hatch can be operated by a single crewmember without the use of tools, and that the required forces are within the limits set by SSP 50005, section 4.9.
4.3.2.10 Safety, Reliability, and Maintainability Requirements

4.3.2.10.1 Safety Requirements

A. This requirement shall be verified by inspection of final PSRP-approved BEAM hazard reports to ensure the required Phase 3 signatures for each hazard report and Noncompliance Report have been obtained.

B. ISS PSRP approval of hazard reports serves as verification of compliance with this requirement.

C. This requirement shall be verified by inspection of BEAM hazard reports and safety verification racking log to verify all hazard control verification has been completed.

4.3.2.10.1.1 Catastrophic Hazards

Verification of control of catastrophic hazards shall be done by analysis.  A hazard analysis shall be conducted to identify the hazards, determine their severity, and identify or recommend controls.  This analysis shall be considered successful when the catastrophic hazards have been identified and controls have been implemented, which can tolerate two failures or two operator errors and still not result in the catastrophic hazardous event.

4.3.2.10.1.2 Critical Hazards

Verification of control of critical hazards shall be done by analysis.  A hazard analysis shall be conducted to identify the hazards, determine their severity, and identify or recommend controls.  This analysis shall be considered successful when the critical hazards have been identified and controls have been implemented, which can tolerate a single failure or a single operator error and still not result in the critical hazardous event.

4.3.2.10.1.3 Design for Minimum Risk

This requirement shall be verified by analysis.  An analysis of the BEAM design for minimum risk verification data shall be performed.  The verification shall be considered successful when the analysis shows the BEAM meets the requirements as specified.

4.3.2.10.1.4 Safe Without Services

This requirement shall be verified by analysis.  An analysis of the BEAM design for minimum risk verification data shall be performed.  The verification shall be considered successful when the analysis shows the BEAM meets the requirements as specified.
4.3.2.10.1.5 Control of Functions Resulting in Critical Hazards

4.3.2.10.1.5.1 Inadvertent Operation Resulting in Critical Hazards

Verification of the functions resulting in critical hazards shall be by analysis.  A system level hazard analysis shall be performed to identify functions whose inadvertent operation would result in a critical hazard.  The hazard analysis will identify two inhibits to preclude the event from inadvertently occurring.  Analysis will show the inhibits can be monitored in either near-real-time or in real time.  The verification shall be considered successful when the analysis verifies the two inhibits are independent and implemented in the design.

4.3.2.10.1.5.2 Loss of Function Resulting in Critical Hazards

Verification of the requirement where loss of a function could result in a critical hazard shall be by analysis.  A system level hazard analysis will be conducted to identify credible failures that could result in the loss of the function.  The verification shall be considered successful when the analysis verifies no credible failure will cause loss of the function.

4.3.2.10.1.6 Control of Functions Resulting in Catastrophic Hazards
4.3.2.10.1.6.1 Inadvertent Operation Resulting in Catastrophic Hazards

Compliance with requirements A, B, and C may be accomplished at the System level.

A.
Verification shall be by analyses.  Each function whose inadvertent operation could result in a catastrophic hazard shall be analyzed and the controls shall have at least three independent inhibits to prevent the occurrence of a hazardous event.  The verification shall be considered successful when it is verified the three inhibits are independent and implemented in the design.

B.
Ground return interrupts are a program issue.  The verification for ground return interrupt shall be done by analysis.  The hazard analysis will identify where a credible failure (short) past the last inhibit would lead to activation of a hazardous event.  In those cases one of the inhibits shall be relocated to the ground side.  The verification shall be considered successful when no credible failure or short can occur past the last inhibit on the high side and the load, or when the design implements one of the three inhibits on the ground return.

C.
The requirement that at least two of the required inhibits are monitored shall be verified by analysis.  The hazard analysis will be conducted to identify which of the inhibits will need to be monitored.  The verification shall be considered successful when two of the three inhibits are monitored.

4.3.2.10.1.6.2 Loss of Function Resulting in Catastrophic Hazards

Compliance with requirements A and B may be accomplished at the System level.

A.
Verification shall be by analysis.  A hazard analysis will be conducted to identify credible failures that could result in the loss of the function.  The verification shall be considered successful when the analysis verifies that no credible failure will cause loss of the function, which will then lead to a catastrophic hazard.

B.
Verification of the requirement that the function shall be monitored and controlled in accordance with the ISS capabilities, (1) Monitor System Status and (2) Respond to Loss of Function, shall be done by analysis.  After the hazard analysis has identified credible failures, the system capabilities will be evaluated to show these credible failures can be modified and controlled.  The verification shall be considered successful when the analysis verifies the function can be monitored and controlled.

4.3.2.10.1.7 Safety Interlocks

Verification shall be by analysis.  A hazard analysis shall be performed using data from drawings, software requirements/implementation documentation, hazard analyses, and ICDs to identify hazardous operations during maintenance and implementation of related safety interlocks.  The verification shall be considered successful when it has been shown that installed interlocks provide the necessary inhibit functions for all identified hazards during maintenance.
4.3.2.10.1.8 Environmental Compatibility

Verification shall be by analysis.  A hazard analysis shall be conducted to identify hazards and their causes and controls.  The analysis will then assess the controls to determine if they are designed to the worst case natural and induced environments specified in paragraph 3.2.8.  The verification shall be considered successful when controls have been designed to the worst case environments.
4.3.2.10.1.9 Pyrotechnics
4.3.2.10.1.9.1 NASA Standard Initiators

This requirement shall be verified by inspection.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
4.3.2.10.1.9.2 Pyrotechnic Operated Devices

This requirement shall be verified by test and inspection.  A review of the BEAM design and pyrotechnic test results shall be performed.  The verification shall be considered successful when the test results and the inspection show that the requirements have been met as specified.
4.3.2.10.1.10 Electrical Safety

4.3.2.10.1.10.1 Bent Pin or Conductive Debris CONTAMINATION
This requirement shall be verified by inspection.  A review of the BEAM electrical harness design shall be performed.  The verification shall be considered successful when the inspection shows the BEAM wire harness designs ensures shorts between any pin within a connector that could be caused by a pin bent prior to or during connector mating cannot invalidate more than one inhibit to a hazardous function.
4.3.2.10.1.10.2 Batteries

This requirement shall be verified by test.  A test of the batteries used in BEAM shall be performed to insure that they comply with JSC-20793.  The verification shall be considered successful when the test verifies the batteries are designed to control application hazards caused by buildup or venting of flammable, corrosive, or toxic gases and reaction products; the expulsion of electrolyte; and failure modes of over temperature, shorts, reverse current, cell reversal, leakage, cell grounds, and over pressure.
4.3.2.10.1.10.3 Crew Protection From Electrical Shock

This requirement shall be verified by inspection.  A review of the BEAM design and component test data shall be performed.  The requirement verification shall be considered satisfied successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.10.1.11 Pressure System
This requirement shall be verified by analysis.  A review of the BEAM pressure system design shall be performed to determine MDP and fault tolerance of the system.  The verification shall be considered successful when the hazard reports for pressure systems are signed by the PSRP.
4.3.2.10.1.12 Pressure Relief Capability
This requirement shall be verified by analysis and inspection.  A review of the BEAM pressure system design shall be performed to determine MDP and fault tolerance of the system.  A review of the drawings shall be performed to verify the existence of a relief device where pressure regulation is used to control MDP of the lower pressure system.  The verification shall be considered successful when the hazard reports for pressure systems are signed by the PSRP.
4.3.2.10.1.13 Pressure Vessels

This requirement shall be verified by analysis.  A review of the BEAM pressure system design and hazard analysis shall be performed to ensure that MDP is properly used in pressure vessel calculations.  The verification shall be considered successful when the hazard reports for pressure systems are signed by the PSRP.
4.3.2.10.1.14 Metallic Pressure Vessels

This requirement shall be verified by analysis and test.  A review of the BEAM pressure system design and hazard analysis shall be performed to ensure that MDP is properly used in pressure vessel calculations.  A proof test of the vessels shall be performed in accordance with MIL-STD-1522A, Revision A or AIAA S-080.  The verification shall be considered successful when the test report is reviewed and the hazard reports for pressure systems are signed by the PSRP.
4.3.2.10.1.15 Pressurized Volume Depressurization and Repressurization Tolerance

4.3.2.10.1.15.1 Pressurized Differential Tolerance

This requirement shall be verified by analysis.  An analysis shall be performed using component qualification data to verify that the equipment can withstand the differential pressure.  Verification shall be considered successful when analysis shows the components are capable of withstanding all pressurized and unpressurized environments without causing a hazard.
4.3.2.10.1.15.2 Operation During Pressure Changes

This requirement shall be verified by analysis.  An analysis shall be performed using component qualification data to verify the equipment can operate during depressurization and re-pressurization without resulting in a hazard.  Verification shall be considered successful when analysis shows the components can operate without causing a hazard.
4.3.2.10.1.16 Emergency Egress

Verification shall be by inspection.  An inspection of installation drawings shall be performed to ensure BEAM components, including cabling, does not interfere with emergency crew egress and element isolation.  The verification shall be considered successful when the inspection shows the drawings comply with the requirement as specified.
4.3.2.10.1.16.1 Drag Throughs

This requirement shall be verified by inspection.  An inspection of the cabling installation drawings and flight operations procedures shall be performed.  The verification shall be considered successful when the inspection shows no cabling traverses across a module hatch.
4.3.2.10.1.17 Component Hazardous Energy Provision

This requirement shall be verified by inspection.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
4.3.2.10.1.18 Hatch Opening

This requirement shall be verified by inspection.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that the BEAM has a type of manual pressure equalization valve installed across the bulkhead.
4.3.2.10.1.19 Touch Temperature
4.3.2.10.1.19.1 Internal Touch Temperature

4.3.2.10.1.19.1.1 Hot Temperature Hazards

This requirement shall be verified by analysis.  The analysis shall consist of a review of the BEAM design, thermal analysis, and any applicable component level testing.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the MMOD layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  This method will be used to determine TES.  See paragraph 3.2.10.1.19.1.3 for calculating TPM.  The verification shall be considered successful when the test-validated thermal analysis shows that the requirement has been satisfied as written.
4.3.2.10.1.19.1.2 Cold Temperature Hazards

This requirement shall be verified by analysis.  The analysis shall consist of a review of the BEAM design, thermal analysis, and any applicable component level testing.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the MMOD layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  This method will be used to determine TES.  See paragraph 3.2.10.1.19.1.3 for calculating TPM.  The verification shall be considered successful when the test-validated thermal analysis shows that the requirement has been satisfied as written.
4.3.2.10.1.19.1.3 Calculating Permissible Material Temperature

No verification required. 
4.3.2.10.1.19.2 External Touch Temperature Hazards

4.3.2.10.1.19.2.1 Incidental Contact

This requirement shall be verified by analysis.  The analysis shall consist of a review of the BEAM design, thermal analysis, and any applicable component level testing.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the MMOD layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  This method will be used to determine TES.  See paragraph 3.2.10.1.19.1.3 for calculating TPM.  The verification shall be considered successful when the test-validated thermal analysis shows that the requirement has been satisfied as written.
4.3.2.10.1.19.2.2 Unlimited Contact

This requirement shall be verified by analysis.  The analysis shall consist of a review of the BEAM design, thermal analysis, and any applicable component level testing.  All verification by thermal analysis shall be conducted with a test-validated model.  First, the total thermal conductance or effective emissivity of the MMOD layup representing the BEAM inflated configuration shall be measured via a thermal vacuum test with temperature sensors placed throughout the layup.  The test article shall reflect residual effects of being packaged in a representative launch configuration and stowage duration prior to the test so that the test may reflect any residual compression and shorting of the radiation shielding.  Second, optical properties, solar absorptance and emittance, shall be measured for all external surfaces exposed to space and for any radiation shielding surfaces within the MMOD layup.  All test-derived and measured values shall be used as inputs to the thermal model.  This method will be used to determine TES.  See paragraph 3.2.10.1.19.1.3 for calculating TPM.  The verification shall be considered successful when the test-validated thermal analysis shows that the requirement has been satisfied as written.
4.3.2.10.1.20 Sharp Edges

4.3.2.10.1.20.1 External Corner and Edge Protection

4.3.2.10.1.20.1.1 Sharp Edges

This requirement shall be verified by inspection.  The BEAM drawings shall be inspected to insure the proper controls have been put in place.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.10.1.20.1.2 Thin Materials

This requirement shall be verified by inspection.  The BEAM drawings shall be inspected to insure the proper controls have been put in place.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.10.1.20.2 Internal Corner and Edge Protection

4.3.2.10.1.20.2.1 Equipment Exposed to Crew Activity

This requirement shall be verified by inspection.  The BEAM drawings shall be inspected to insure the proper controls have been put in place.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written
4.3.2.10.1.20.2.2 Equipment Exposed Only During Planned Maintenance ACTIVITIES
This requirement shall be verified by inspection.  The BEAM drawings shall be inspected to insure the proper controls have been put in place.  The verification shall be considered successful when the inspection shows that the requirement has been satisfied as written.
4.3.2.10.1.21 Crew Inadvertent Loads

This requirement shall be verified by analysis.  The analysis shall be performed on the internal BEAM design.  The requirement verification shall be considered satisfied successful when the analysis shows that the requirement has been satisfied as written.
4.3.2.10.1.22 Latches

This requirement shall be verified by analysis and inspection.  An analysis shall be performed using data from drawings, integration documentation, and operational procedures to identify latches and similar devices and the required use of guards or covers due to location in crewmember translation paths and maintenance worksites.  A drawing inspection shall show the required cover installation has been accomplished or proper guards are in place.  Verification shall be considered successful when analysis and inspection shows all latches and similar devices have been properly covered or guarded in accordance with SSP 50005, paragraph 6.3.3.5.

4.3.2.10.1.23 Screws and Bolts

This requirement shall be verified by inspection.  An inspection shall be performed on BEAM component level drawings to identify screws and bolts, which exceed the length specified in paragraph 3.2.10.1.15 and the required use of guards or covers due to location in crewmember translation paths and maintenance worksites.  A drawing inspection shall show the required cover installation has been accomplished or proper guards are in place.  Verification shall be considered successful when the inspection shows screws and bolts, which exceed the specified length, have been properly covered or guarded.
4.3.2.10.1.24 Safety Critical Fasteners

This requirement shall be verified by analysis.  An analysis shall be performed using data from drawings, integration documentation, and operational procedures to verify safety critical fasteners will not back out under all environmental conditions.  Verification shall be considered successful when the analysis shows the safety critical fasteners will not back out.
4.3.2.10.1.25 Levers, Cranks, Hooks, and Controls

This requirement shall be verified by inspection.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
4.3.2.10.1.26 Burrs

This requirement shall be verified by inspection.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
4.3.2.10.1.27 Holes

4.3.2.10.1.27.1 Equipment Located Inside HABITABLE Volumes

This requirement shall be verified by inspection.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
4.3.2.10.1.27.2 Equipment Located Outside HABITABLE Volumes

This requirement shall be verified by inspection.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
4.3.2.10.1.28 Protrusions

This requirement shall be verified by inspection.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
4.3.2.10.1.29 Pinch Points

This requirement shall be verified by inspection.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
4.3.2.10.1.30 Emergency Ingress

This requirement shall be verified by inspection.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
4.3.2.10.1.31 Translation Routes and Established Worksites

A.
This requirement shall be verified by inspection.  A review of the BEAM design shall be performed.  The verification shall be considered successful when the inspection shows that the requirement has been met as specified.
B.
This requirement shall be verified by analysis.  An analysis shall be performed of the BEAM external structure and external components in the translation path to insure they can withstand a 125 pound and 175 pound ultimate loading.  The verification shall be considered successful when the analysis shows that the requirement has been met as specified.
4.3.2.10.2 Reliability Requirements

4.3.2.10.2.1 Failure Propagation

The failure propagation requirement shall be verified by an analysis.  The verification shall be successful when the analysis shows the design meets the failure propagation requirement.
4.3.2.10.2.2 Redundancy Separation
This requirement shall be verified by analysis.  The BEAM design shall be analyzed for redundancy separation.  The verification shall be considered successful when the analysis shows that BEAM redundant functions that preclude a catastrophic hazard are not routed through a single connector.
4.3.2.10.3 Maintainability Requirements

4.3.2.10.3.1 Access Item Retention

This requirement shall be verified by inspection.  The BEAM activation box drawings shall be inspected to insure that the connector ports have tethered caps.  The verification shall be considered successful when the inspection shows the BEAM activation box drawings require tethered connector caps.
4.3.2.10.3.2 Restraint and Handling Devices for Temporary Storage

This requirement shall be verified by analysis.  An analysis of engineering design drawings and component qualification data shall be performed to verify restraining and handling devices are compatible with the BEAM components and documented in an IVA report.  The verification shall be considered successful when the analysis proves the BEAM components can be properly restrained and handled by the crew.
4.3.2.10.3.3 Equipment Item Interconnecting Devices

This requirement shall be verified by inspection.  An inspection of the BEAM detailed design documentation shall be performed.  The verification shall be considered successful when the inspection shows the BEAM cabling provides the proper utility line lengths.
4.3.2.10.3.4 Manual FDIR

This design constraint shall be verified by analysis using data from Hazard Analysis Reports, ground and crew procedures.  The analysis shall list equipment that utilizes crew interaction or crew observation for failure detection, isolation, annunciation, and recovery.  The requirements shall be considered satisfied when the analysis shows that equipment utilizing crew interaction or observation can be manually detected, isolated, annunciated, and recovered.
4.3.2.11 Material Requirements

4.3.2.11.1 Materials and Processes Design Standards
Verification of BEAM materials and processes for applications that affect the integrated safety of the ISS when it is docked to ISS shall be by inspection of the end item drawings.  Verification shall be considered successful when all materials and processes identified on the end item drawings that affect integrated safety of BEAM and ISS are compliant with Appendix E, Materials and Processes Applicability and any deviations are documented and approved by an MUA.

4.3.2.11.2 Control of Water SOLUBLE Volatile Organic Compounds
The BEAM capability to control water soluble volatile organic compounds shall be verified by inspection.  Inspection of engineering drawings and design documentation shall ensure that the use of methanol, ethanol, isopropyl alcohol, n–propyl alcohol, n–butyl alcohol, acetone, ethylene glycol, and propylene glycol in any quantity inside the pressurized elements complies with requirements.  The verification shall be considered successful when the inspection of drawings and design documentation show that the vehicle complies with the requirements specified in SSP 30233, paragraph 4.2.12 or by documentation of an approved VUA per JSC-27301.

4.3.2.11.3 Vehicle-Unique Payload Materials
4.3.2.11.3.1 Flame Impingement
Verification of this requirement that affects the integrated safety of the ISS when the BEAM is docked to ISS shall be by inspection of the end item drawings and by verification of appropriate test results.  Verification shall be considered successful when all materials and processes identified on the end item drawings are demonstrated by test to meet the requirement in paragraph 3.2.11.3.1.
4.3.2.11.3.2 Flammability of Primary Structure
This requirement may be verified by analysis or test to confirm that all potentially heat generating sources or potential ignition sources (e.g. batteries, power systems, electronics) present in the BEAM module shall not present a catastrophic hazard due to affects on structural integrity or depressurization of the module.  Documentation should include a flammability hazard assessment and configuration analysis equivalent to JSC-29353, Flammability Configuration Analysis for Spacecraft Applications, and applicable MUA(s).
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	Paragraph
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	Required Submit-tal Data
	Submit-tal Date
	Verification
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	Parent Requirement Source
	Rationale

	3.0
	BEAM to Node 3 Interface Description
	NVR
	
	
	N/A
	N/A
	N/A
	N/A

	3.1
	Structural/Mechanical Interfaces
	NVR
	
	
	N/A
	N/A
	N/A
	N/A

	3.1.1
	Interface with the MSS
	NVR
	
	
	N/A
	N/A
	Con Ops
	N/A

	3.1.2
	Interface with the Node 3 Aft Bulkhead
	NVR
	
	
	N/A
	N/A
	Con Ops
	N/A

	3.1.3
	Mass Properties and center of Gravity
	NVR
	
	
	N/A
	N/A
	N/A
	N/A

	3.1.3.1
	Control Weight
	NVR
	mass
	
	N/A
	N/A
	SSP 41000, P 3.2.1.1.5.1
	N/A

	3.1.3.2
	Control center of Gravity
	NVR
	c.g
	
	N/A
	N/A
	SSP 41000, P 3.2.1.1.1.20.i
	N/A

	3.2
	Interface Requirements
	NVR
	
	
	N/A
	N/A
	N/A
	N/A

	3.2.1
	Envelope Requirements
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.1.1
	Ingress/Egress Passageway
	I
	
	
	BA
	Boeing/
NASA
	Con Ops
	Minimum ingress clearance needed. This is based on a Con Ops not requiring an inside EVA. 

	3.2.1.2
	Access Envelope
	I
	
	
	BA
	Boeing/
NASA
	SSP 41004
	Vestibule jumper clearance needed.

	3.2.1.3
	CBCS Viewing Stayout Zone Envelope
	I
	
	
	BA
	Boeing/
NASA
	SSP 50808
	CBCS Target viewing clearance needed for berthing.

	3.2.2
	Structural/Mechanical Attachment
	I,A,T
	
	
	BA
	Boeing/
NASA
	SSP 41148
	CBMs are the standard for berthing

	3.2.2.1
	Berthing/Attachment Mechanism(s)
	I,A,T
	
	
	BA
	Boeing/
NASA
	SSP 41004
	

	3.2.2.2
	Structural
	A
	
	
	BA
	Boeing/
NASA
	SSP 50808
	Standard S&M structural requirements 

	3.2.2.2.1.A
	Structural Design Requirements
	A, T
	
	
	BA
	Boeing/
NASA
	derived
	Softgood  S&M structural requirements

	3.2.2.2.1.B
	Structural Design Requirements
	
	
	
	
	
	
	

	3.2.2.2.1.C
	Structural Design Requirements
	
	
	
	
	
	
	

	3.2.2.2.1.D
	Structural Design Requirements
	
	
	
	
	
	
	

	3.2.2.2.1.E
	Structural Design Requirements
	
	
	
	
	
	
	

	3.2.2.2.1.F
	Structural Design Requirements
	
	
	
	
	
	
	

	3.2.2.2.1.G
	Structural Design Requirements
	
	
	
	
	
	
	

	3.2.2.2.2
	Fracture Control
	A, T
	
	
	BA
	Boeing/
NASA
	derived
	Non-Standard S&M structural requirements

	3.2.2.2.3
	Design Service Life
	A, T
	
	
	BA
	Boeing/
NASA
	derived
	

	3.2.2.3
	Structural Loading
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.2.3.1
	On-Orbit Transient Interface Loads
	A
	
	
	BA
	Boeing/
NASA
	To be supplied by S&M
	CBM structural loading needs to be determined

	3.2.2.3.2
	On-Orbit Thermal Structural Loads
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.2.3.2.1
	On-Orbit Thermally Induced Structural Loads
	A
	
	
	BA
	Boeing/
NASA
	SSCM 1464
	CBM thermal structural loading needs to be determined

	3.2.2.3.2.2
	On-Orbit Thermally Induced Loads Spectra
	A
	
	
	BA
	Boeing/
NASA
	SSCM 1464
	CBM thermal structural loading needs to be determined

	3.2.2.4
	Hatch Properties
	A
	
	
	BA
	Boeing/
NASA
	Con Ops
	BEAM hatch needs to sustain ISS pressure if BEAM is deflated. This is based on the Con-Ops requiring the cover to be replaced each time a crewmember egresses BEAM.

	3.2.2.5.A
	Centerline Berthing Camera System Requirements
	I
	
	
	BA
	Boeing/
NASA
	SSP 50808
	BEAM needs to accommodate CBCS target for berthing and ISS pressure.

	3.2.2.5.B
	
	NVR
	
	
	N/A
	N/A
	
	

	3.2.2.5.C
	
	I
	
	
	BA
	Boeing/
NASA
	
	

	3.2.2.5.D
	
	I
	
	
	BA
	Boeing/
NASA
	
	

	3.2.2.5.E
	
	T
	
	
	NASA
	Boeing/
NASA
	
	

	3.2.2.5.F
	
	I
	
	
	BA
	Boeing/
NASA
	
	

	3.2.2.5.G
	
	I
	
	
	BA
	Boeing/
NASA
	
	

	3.2.2.5.H
	
	I, A
	
	
	BA
	Boeing/
NASA
	
	

	3.2.2.5.I
	Hatch Cover
	NVR
	
	
	
	
	
	

	3.2.3
	ECLSS Interfaces
	NVR
	
	
	N/A
	N/A
	SSP 50410
	BEAM needs to be compatible with ISS air. Based on Con-Ops requiring IMV flow. 

	3.2.3.1
	Receive Intermodule Atmosphere
	NVR
	
	
	N/A
	N/A
	
	

	3.2.3.1.1
	Intermodule Atmosphere Receive Characteristics
	NVR
	
	
	N/A
	N/A
	
	

	3.2.3.1.1.1
	Intermodule Atmosphere Receive Temperature
	NVR
	
	
	N/A
	N/A
	
	

	3.2.3.1.1.2
	Intermodule Atmosphere Supply and Receive Pressure
	A,T
	
	
	BA
	Boeing
	
	

	3.2.3.1.1.3.A
	Intermodule Atmosphere Receive Rate
	A
	
	
	BA
	Boeing
	
	

	3.2.3.1.1.3.B
	
	A
	
	
	BA
	Boeing
	
	

	3.2.3.1.1.4
	Intermodule Atmosphere Receive Humidity
	NVR
	
	
	N/A
	N/A
	
	

	3.2.3.2
	Return Intermodule Atmosphere
	NVR
	
	
	N/A
	N/A
	
	

	3.2.3.2.1
	Intermodule Atmosphere Return Characteristics
	NVR
	
	
	N/A
	N/A
	
	

	3.2.3.2.1.1
	Intermodule Atmosphere Return Temperature
	A
	
	
	BA
	Boeing
	
	

	3.2.3.2.1.2
	Intermodule Atmosphere Return Pressure
	NVR
	
	
	N/A
	N/A
	
	

	3.2.3.2.1.3.A
	Intermodule Atmosphere Return Rate
	A
	
	
	BA
	Boeing
	
	

	3.2.3.2.1.3.B
	
	A
	
	
	BA
	Boeing
	
	

	3.2.3.2.1.4
	Intermodule Atmosphere Return Humidity
	A
	
	
	BA
	Boeing
	
	

	3.2.3.2.1.5
	Intermodule Atmosphere Heat Load
	A
	
	
	BA
	Boeing
	To be derived
	Convective heat transfer limits needed. This is based on what Node 3 can handle heat-load-wise.

	3.2.3.3
	Intermodule Duct Requirements
	NVR
	
	
	N/A
	N/A
	Header
	

	3.2.3.3.1
	Intermodule Duct Strength
	T
	
	
	BA
	Boeing
	SRR RID # 26
	

	3.2.3.3.2
	Intermodule Vent Details
	I
	
	
	BA
	Boeing/
NASA
	SSP 50410
	These are the implementation details to connect to the Node 3 IMV. 

	3.2.3.4
	BEAM Leakage Rate
	T
	
	
	BA
	Boeing
	SSP 50808
	Maximum leak rate needed. This is standard leak rate for ISS modules. 

	3.2.3.5
	BEAM Atmosphere Composition
	I
	
	
	BA
	Boeing
	
	Compatible atmosphere needed. Based on Con Ops requiring crew ingress into BEAM. 

	3.2.3.6
	BEAM Bulkhead Properties
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.3.6.1.A
	Feedthroughs
	T
	
	
	BA
	Boeing/
NASA
	SSP 50808
	Feedthroughs need to sustain ISS pressure

	3.2.3.6.1.B
	
	T
	
	
	BA
	Boeing/
NASA
	SSP 50808
	Some seal redundancy needed.

	3.2.3.6.1.C
	
	I, A
	
	
	BA
	Boeing/
NASA
	SSP 50318
	Seal life needs to be established

	3.2.3.7
	BEAM Internal Properties
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.3.7.1
	Circulate Atmosphere Intramodule
	A,T
	
	
	BA
	Boeing/
NASA
	SSP 50808
	Requirement needed for crew breathing safety. Based on Con-Ops requiring crew ingress into BEAM. 

	3.2.4
	Electrical Interfaces
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.4.1
	Power Interfaces
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.4.1.1.A
	Provided Power
	NVR
	
	
	N/A
	N/A
	SSP 30482, Vol 1
	This is the power available from Node 3. Based on Con-Ops stating BEAM needs ISS power. 

	3.2.4.1.1.B
	
	NVR
	
	
	N/A
	N/A
	SSP 30482, Vol 1
	Source impedance may need to be stated if sensative to BEAM.

	3.2.4.1.2.A
	BEAM User Constraints
	A, T
	
	
	BA
	Boeing
	SSP 52051, Vol 1; SSP 30242; SSQ 21652;
SSQ 21635
	BEAM needs to comply with ISS power quality standards.

	3.2.4.1.2.B
	
	
	
	
	BA
	Boeing
	
	BEAM needs to comply with ISS power quality standards.

	3.2.4.1.2.C
	
	
	
	
	BA
	Boeing
	
	BEAM needs to comply with ISS power quality standards.

	3.2.4.1.2.D
	
	
	
	
	BA
	Boeing
	
	BEAM needs to comply with ISS power quality standards.

	3.2.4.1.2.E
	
	
	
	
	BA
	Boeing
	
	BEAM power comsumption limits needed. Based on the Con-Ops statement of only activation power needed.

	3.2.4.1.2.F
	
	
	
	
	BA
	Boeing
	
	BEAM power cable needs to conform to ISS Standards.

	3.2.4.1.2.G
	
	
	
	
	BA
	Boeing
	
	

	3.2.4.1.2.H
	
	
	
	
	BA
	Boeing
	
	

	3.2.4.1.2.I
	
	
	
	
	BA
	
	
	BEAM Load impedance needs to be known for integrated ISS EPS performance.

	3.2.4.1.2.J
	EEE constraints
	
	
	
	BA
	Boeing
	
	Wire derating requirements added.

	3.2.4.1.2.K
	
	
	
	
	BA
	Boeing
	
	

	3.2.4.1.3
	Grounding
	I
	
	
	BA
	Boeing
	SSP 50808
	BEAM needs to comply with ISS grounding requirements.

	3.2.4.1.4
	Shielding
	I
	
	
	BA
	Boeing
	SSP 50410
	BEAM needs to comply with ISS shielding requirements.

	3.2.4.1.5
	BEAM Connectors and Pin Assignments
	I
	
	
	BA
	Boeing
	SSP 50410
	BEAM needs to comply with the connector and pin assignments in order to receive power. 

	3.2.4.1.6.A
	Electrical Bonding
	A
	
	
	BA
	Boeing
	SSP 50808
	BEAM needs to comply with ISS bonding requirements.

	3.2.4.1.6.B
	
	A
	
	
	BA
	Boeing
	SSP 50808
	

	3.2.4.1.7
	Electromagnetic Interference Safety Margins for Critical Circuits
	I
	
	
	BA
	Boeing
	SSP 30243
	BEAM needs to comply with ISS electromagnetic requirements

	3.2.4.1.8
	Electroexplosive Devices
	I
	
	
	BA
	Boeing
	SSP 30243
	BEAM needs to comply with ISS electromagnetic requirements

	3.2.4.2
	Data Interfaces
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.4.2.1.A
	BEAM Data
	I
	
	
	NASA
	Boeing
	SSP 57000
	This is a Payload data requirement

	3.2.4.2.1.B
	
	I
	
	
	NASA
	Boeing
	SSP 57000
	Format needs to be clear so data can be transmitted. 

	3.2.4.2.1.C
	
	I
	
	
	NASA
	Boeing
	derived
	Coax interface needed for wireless data retrieval.

	3.2.4.2.1.D
	
	I
	
	
	NASA
	Boeing
	SSP 57000
	Data interface needs to be such that the data can be retrieved. 

	3.2.4.2.1.E
	
	I
	
	
	NASA
	Boeing
	SSP 57000
	Frequencies need to be allocated so RF data doesn’t cross interfere.

	3.2.4.2.1.F
	BEAM data
	I
	
	
	BA
	Boeing
	Derived
	

	3.2.4.2.2.A
	ISS Data
	I
	
	
	BA
	Boeing
	Con Ops
	Temperature and pressure need to be known before opening BEAM hatch. Based on Con-Ops description. 

	3.2.4.2.2.B
	ISS Data
	I
	
	
	BA
	Boeing
	Derived
	

	3.2.5
	Passive Thermal Control Interfaces
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.5.1.A
	Passive Interface Temperature
	A
	
	
	BA
	Boeing/
NASA
	SSP 50808
	Passive Thermal limits need to be set. 

	3.2.5.1.B
	
	A
	
	
	BA
	Boeing/
NASA
	
	

	3.2.5.1.C
	
	A
	
	
	BA
	Boeing/
NASA
	
	

	3.2.5.2
	Conductive Heat Transfer
	A
	
	
	BA
	Boeing
	SSP 50808
	

	3.2.6.A
	Extravehicular Robotics Interfaces


	I
	
	
	BA
	Boeing
	SSP 41162


	EVR standard requirements need to be invoked in order to use the SSRMS. Based on Con-Ops description. 



	3.2.6.B
	
	I, A
	
	
	BA
	Boeing
	
	

	3.2.6.C
	
	A
	
	
	BA/Boeing/NASA
	Boeing
	
	

	3.2.6.D
	
	A
	
	
	BA, NASA
	Boeing
	
	

	3.2.6.E
	
	A
	
	
	BA
	Boeing
	
	

	3.2.6.F
	
	A
	
	
	BA/Boeing/NASA
	Boeing
	
	

	3.2.6.G
	
	A
	
	
	BA, NASA
	Boeing
	
	

	3.2.6.H
	
	A
	
	
	BA
	Boeing
	
	

	3.2.6.I
	
	A
	
	
	BA, NASA
	Boeing
	
	

	3.2.6.J
	
	I
	
	
	BA
	Boeing
	SSP 41167
	

	3.2.6.K
	
	I, A
	
	
	BA
	Boeing
	
	

	3.2.6.L
	
	I
	
	
	BA
	Boeing
	
	

	3.2.6.1.A
	Grapple Fixture Locations
	I
	
	
	BA
	Boeing
	Implementation details needed for EVR operations
	Grapple fixture orientations need to be known for EVR operations.

	3.2.6.1.B
	
	I
	
	
	BA
	Boeing
	
	

	3.2.6.1.C
	
	I
	
	
	BA
	Boeing
	
	

	3.2.6.2.A
	FRGF Interfaces
	I
	
	
	BA
	Boeing
	SSP 42004
	FRGF interfaces need to be met for EVR operations

	3.2.6.2.B
	
	I
	
	
	BA
	Boeing
	
	

	3.2.6.2.C
	
	A
	
	
	BA
	Boeing
	
	

	3.2.6.2.D
	
	A
	
	
	BA
	Boeing
	
	

	3.2.6.2.E
	
	I
	
	
	BA
	Boeing
	
	

	3.2.6.2.F
	
	A
	
	
	BA
	Boeing
	
	

	3.2.6.2.G
	
	I,T
	
	
	BA
	Boeing
	
	

	3.2.7
	EVA Interfaces
	NVR
	
	
	N/A
	N/A
	Header
	Standard ISS EVA interfaces need to be met to insure proper contingency EVAs can be performed. Exceptions may be granted with proven NBL runs.

	3.2.7.1
	EVA Worksites
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.1.1
	External Task Location Requirements
	A


	
	
	BA
	Boeing
	SSP 41162, paragraph 3.3.7.7.1
	

	3.2.7.1.2
	EVA Crewmember Field of View
	A
	
	
	BA
	Boeing
	SSP 41162, paragraph 3.3.7.7.2
	

	3.2.7.1.3
	Working Volume
	A
	
	
	BA
	Boeing
	SSP 41162, paragraph 3.3.7.7.3
	

	3.2.7.1.3.1
	Working Volume Height
	A
	
	
	BA
	Boeing
	JSC 28918
	

	3.2.7.1.4
	Gloved Operation
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.1.5
	Dedicated EVA Worksites
	NVR
	
	
	N/A
	N/A
	SSP 57003
	

	3.2.7.1.5.1
	Criteria for Dedicated EVA Worksites
	A
	
	
	BA
	Boeing
	SSP 41162, paragraph 3.2.2.5.B
	

	3.2.7.1.5.2
	Dedicated EVA Worksite Provisions
	NVR
	
	
	N/A
	N/A
	SSP 41162, paragraph 3.2.2.5.C
	

	3.2.7.1.5.2.1
	Translation Paths to EVA Worksites
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.1.5.2.24
	Dedicated EVA Worksite Tether Points
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.1.5.2.3
	Dedicated EVA Worksite Restraints and Handling Aids
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.1.6
	Robotic Assisted EVA Worksites
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.1.6.1
	Robotic Assisted Worksite Provisions
	NVR
	
	
	N/A
	N/A
	SSP 57003
	

	3.2.7.1.6.1.1
	Robotic Assisted Worksite Force Reaction Mechanism
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.1.6.1.2
	Robotic Assisted Worksite Force Reaction Location
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.1.6.1.3
	Robotic Assisted Worksite Tether Points
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.1.7
	Free-Float EVA Worksites
	NVR
	
	
	N/A
	N/A
	SSP 57003
	

	3.2.7.1.7.1
	Free-Float Worksite Provisions
	NVR
	
	
	N/A
	N/A
	SSP 57003
	

	3.2.7.1.7.1.1
	Translation Paths to the Worksite
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.1.7.1.2
	Free-Float EVA Worksite Tether Points
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.1.7.1.7.1.3
	Free-Float EVA Worksite Restraints and Handling Aids
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.2
	EVA Restraints and Mobility Aids
	NVR
	
	
	N/A
	N/A
	SSP 57003
	

	3.2.7.2.1
	EVA Handholds/Handrails
	NVR
	
	
	N/A
	N/A
	SSP 57003
	

	3.2.7.2.1.1
	Translation Handhold/Handrail Locations
	I
	
	
	BA
	Boeing
	SSP 50005, paragraph 14.5.3.1B (1)
	

	3.2.7.2.1.2
	Translation Handhold/Handrail Orientation
	I
	
	
	BA
	Boeing
	SSP 50005, paragraph 14.5.3.C (2)
	

	3.2.7.2.1.3
	Equipment Accessibility
	A
	
	
	BA
	Boeing
	SSP 50005, paragraph 14.5.3.1.G
	

	3.2.7.2.1.4
	EVA Handhold/Handrail Dimensions
	I
	
	
	BA
	Boeing
	SSP 50005, paragraph 14.5.3.2.A
	

	3.2.7.2.1.4.1
	EVA Handhold/Handrail Clearance
	I
	
	
	BA
	Boeing
	SSP 50005, paragraph 14.5.3.2.B
	

	3.2.7.2.1.4.2
	Handhold/Handrail Grip Length
	I
	
	
	BA
	Boeing
	NSTS 07700, Vol XIV, paragraph 2.2
	

	3.2.7.2.1.4.3
	EVA Handhol/Handrail Clearance Envelope
	I
	
	
	BA
	Boeing
	SSP 30256:001, paragraphs 3.6.1.2.2 and 3.6.2.2.1
	

	3.2.7.2.1.5.A
	Handhold/Handrail Structural Loading
	A,I
	
	
	BA
	Boeing
	SSP 50005, paragraph 14.5.3.2.G and SSP 30256:001 paragraphs 3.6.1.3.1, 3.6.1.4.2, 3.6.5.3.1, and 3.6.5.4.2
	

	3.2.7.2.1.5.B
	
	A,I
	
	
	BA
	Boeing
	SSP 30256:001, paragraph 3.6.2
	

	3.2.7.2.1.6
	Handhold/Handrail Electrical Bonding
	I
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.2.1.7
	Handhold/Handrail Spacing for Worksites
	NVR
	
	
	N/A
	N/A
	SSP 57003
	

	3.2.7.2.1.7.1
	Spacing for Worksites– Above or Below
	A
	
	
	BA
	Boeing
	SSP 41162, paragraph 3.2.2.5.E and SSP 50005, paragraph 14.5.3.2.D
	

	3.2.7.2.1.7.2
	Spacing for Worksites– Left or Right
	A
	
	
	BA
	Boeing
	SSP 41162, paragraph 3.2.2.5.E and SSP 50005, paragraph 3.2.2.5.F
	

	3.2.7.2.2
	Tether Attachment Points
	NVR
	
	
	N/A
	N/A
	SSP 57003
	

	3.2.7.2.2.1
	EVA Handhold/Handrail Safety Tether Hooks
	I
	
	
	BA
	Boeing
	SSP 50005, paragraph 14.5.3.2.E
	

	3.2.7.2.2.2.A
	EVA Handhold/Handrail Safety Tether Point Color and Structural Loading
	A,I
	
	
	BA
	Boeing
	SSP 50005, paragraph 14.5.3.2.G and SSP 50005, paragraphs 3.6.1.3.1, 3.6.1.4.2, 3.6.5.3.1, and 3.6.5.4.2
	

	3.2.7.2.2.2.B
	EVA Handhold/Handrail Safety Tether Point Color and Structural Loading
	A,I
	
	
	BA
	Boeing
	SSP 30256:001, paragraph 3.6.2
	

	3.2.7.2.2.3
	EVA Handhold/Handrail Tether Point Dimensions
	I
	
	
	BA
	Boeing
	SSP 50005, paragraph 14.4.3.5.C (2)
	

	3.2.7.2.2.4
	EVA Equipment Tether Attach Points
	I
	
	
	BA
	Boeing
	SSP 50005, paragraph 14.4.3.5.C (1)
	

	3.2.7.2.2.5
	EVA Standardized Tether Receptacle
	I
	
	
	BA
	Boeing
	SSP 50005, paragraph 14.4.3.5.C (1)
	

	3.2.7.3
	EVA Translation Paths
	I
	
	
	BA
	Boeing
	Header
	

	3.2.7.3.1
	Translation Path Diameter
	I
	
	
	BA
	Boeing
	SSP 30256:001, paragraph 14.5.3.1.A
	

	3.2.7.3.2
	Tethered Two-Handed Translation
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.3.3
	Tethered Attachment Points
	A
	
	
	BA
	Boeing
	SSP 57003
	

	3.2.7.4
	Danger and Warning Locations
	NVR
	
	
	N/A
	N/A
	SSP 57003
	Implementation details are needed for EVA operations

	3.2.8
	Environmental Interfaces
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.8.1
	Natural Environments
	NVR
	
	
	N/A
	N/A
	Header
	These are the standard Space Environments that BEAM will see. 



	3.2.8.1.1.A
	Thermal
	A
	
	
	BA
	Boeing
	SSP 41162 and SSP 50808
	

	3.2.8.1.1.B
	
	A
	
	
	BA
	Boeing
	
	

	3.2.8.1.1.C
	
	A
	
	
	BA
	Boeing
	
	

	3.2.8.1.1.D
	
	A
	
	
	BA
	Boeing
	
	

	3.2.8.1.1.E
	
	A
	
	
	BA
	Boeing
	
	

	3.2.8.1.2
	Pressure
	A
	
	
	BA
	Boeing
	SSP 41162
	

	3.2.8.1.3
	MMOD Protection
	NVR
	
	
	N/A
	N/A
	Modified from SSP 41162 per Russel Graves
e-mail
	

	3.2.8.1.3.1
	Meteoroids and Orbital Debris
	A
	
	
	BA, NASA
	Boeing
	
	

	3.2.8.1.3.2
	Structure Penetration
	A, T
	
	
	
	Boeing
	
	

	3.2.8.1.3.3
	Meteoroids and Orbital Debris Vulnerability
	A, T
	
	
	
	Boeing
	
	

	3.2.8.1.4.A
	Atomic Oxygen


	I
	
	
	BA
	Boeing
	SSP 50318
	

	3.2.8.1.4.B
	
	NVR
	
	
	N/A
	N/A
	
	

	3.2.8.1.5
	Plasma
	I
	
	
	BA
	Boeing
	SSP 50318
	

	3.2.8.1.6
	Solar Ultraviolet Radiation
	I
	
	
	BA
	Boeing
	SSP 50318
	

	3.2.8.1.7.A
	Ionizing Radiation
	A
	
	
	BA
	Boeing
	SSP 50860
	

	3.2.8.1.7.B
	
	
	
	
	BA
	Boeing
	SSP 50860
	

	3.2.8.2
	Induced Environments
	NVR
	
	
	N/A
	N/A
	Header
	These are the ISS induced environments that BEAM will see



	3.2.8.2.1
	Thermal
	T
	
	
	BA
	Boeing
	SSP 50835
	

	3.2.8.2.2
	Pressure
	A or T
	
	
	BA
	Boeing
	SSP 50860
	

	3.2.8.2.3.A
	Humidity
	A
	
	
	BA
	Boeing
	SSP 50860
	

	3.2.8.2.3.B
	
	
	
	
	BA
	Boeing
	SSP 50860
	

	3.2.8.2.4
	Acceleration
	A
	
	
	BA
	Boeing
	SSP 50860
	

	3.2.8.2.5
	Vibration
	A, T
	
	
	BA
	Boeing
	SSP 50860
	

	3.2.8.2.6
	Electromagnetic Compatibility
	T
	
	
	BA
	Boeing
	SSP 50860
	BEAM needs to be electromagnetically compatible with ISS.

	3.2.8.2.7
	Plume Impingement
	A
	
	
	BA
	Boeing
	SSP 50318
	BEAm needs to withstand these possible impingement loads from ISS

	3.2.8.3
	Environmental Constraints
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.8.3.1
	Electromagnetic Interference
	T
	
	
	BA
	Boeing
	SSP 50860
	BEAM cannot emit greater radiated or conducted EMI than what ISS expects to see. 

	3.2.8.3. 2
	Electrostatic Discharge
	I
	
	
	BA
	Boeing
	SSP 50860
	BEAM needs to comply with ISS electrostatic discharge requirements. 

	3.2.8.3.3
	Acoustic Noise Limits
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.8.3.3.1
	Sound Pressure Level Limits – Continuous Noise
	T
	
	
	NASA
	Boeing
	SSP 50410
	ISS Noise limits need to be invoked on BEAM.

	3.2.8.3.3.2
	Impulse Noise
	T
	
	
	NASA
	Boeing
	SSP 50808
	ISS Noise limits need to be invoked on BEAM.

	3.2.8.3.3.3
	Sound Pressure Level Limits – Gas Delivery Intermittent Noise
	A or T
	
	
	NASA
	Boeing
	SSP 50808
	ISS Noise limits need to be invoked on BEAM.

	3.2.8.3.3.4
	Loudspeaker Alarm Audibility
	A or T
	
	
	NASA
	Boeing
	SSP 50808
	ISS Noise limits need to be invoked on BEAM.

	3.2.8.3.3.5
	Reverberation Time
	A or T
	
	
	NASA
	Boeing
	SSP 50808
	ISS Noise limits need to be invoked on BEAM.

	3.2.8.3.3.6
	IMV Sound Pressure Level Limits
	A or T
	
	
	NASA
	Boeing
	SSP 50808
	ISS Noise limits need to be invoked on BEAM.

	3.2.8.3.4.A
	Preclude Condensation
	A
	
	
	BA
	Boeing
	SSP 50808
	BEAM should not introduce water condensation in ISS. 

	3.2.8.3.4.B
	Preclude Condensation
	A
	
	
	BA
	Boeing
	SSP 50808
	BEAM should not introduce water condensation in ISS

	3.2.8.3.5
	Atmospheric Contamination
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.8.3.5.1.A
	External Contamination
	A
	
	
	BA
	Boeing
	From Carlos Soares
	BEAM needs to be constrained for external contamination limits. 

	3.2.8.3.5.1.B
	
	A
	
	
	BA
	Boeing
	
	

	3.2.8.3.5.1.C
	
	I
	
	
	BA
	Boeing
	
	

	3.2.8.3.5.1.D
	
	I
	
	
	BA
	Boeing
	
	

	3.2.8.3.5.2
	Internal Contamination
	T
	
	
	BA
	Boeing/
NASA
	SSP 50808
	BEAM should comply with internal ISS off-gassing limits.

	3.2.8.3.6.
	Microbial Contamination
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.8.3.6.1.A
	Atmospheric Microbial Contamination


	T
	
	
	BA
	Boeing/
NASA
	SSP 50808
	BEAM needs to be constrained for microbiological limits. 

	3.2.8.3.6.1.B
	
	
	
	
	BA
	Boeing/
NASA
	SSP 50808
	BEAM needs to be constrained for microbiological limits. 

N/A

	3.2.8.3.6.2.A
	Surface Microbial Contamination
	T
	
	
	BA
	Boeing/
NASA
	SSP 50808
	BEAM needs to be constrained for microbiological limits. 



	3.2.8.3.6.2.B
	
	
	
	
	BA
	Boeing/
NASA
	
	

	3.2.8.3.7
	Microgravity Limitations
	NVR
	
	
	N/A
	Boeing
	
	

	3.2.8.3.7.1
	Limit Quasi-Steady Accelerations
	A
	
	
	NASA
	Boeing
	SSP 50318
	BEAM needs to have micro-Gravity limits imposed to protect micro-gravity sensative payloads.

	3.2.8.3.7.2.A
	Limit Vibratory Accelerations
	A
	
	
	NASA
	Boeing
	
	

	3.2.8.3.7.2.B
	
	A
	
	
	NASA
	Boeing
	
	

	3.2.8.3.87.3.A
	Cleanliness
	I
	
	
	BA
	Boeing
	SSP 50808
	BEAM needs to meet ISS cleanliness standards.

	3.2.8.3.87.3.B
	
	I
	
	
	BA
	Boeing
	
	

	3.2.8.3.87.3.C
	Cleanliness
	I
	
	
	BA
	Boeing
	SSP 50808
	BEAM needs to meet ISS cleanliness standards.

	3.2.8.3.9
	Wireless Communications
	I
	
	
	NASA
	Boeing
	SSP 57000
	RF constraint needed for ISS protection

	3.2.8.3.10
	Limit Angular Momentum Disturbance
	NVR
	
	
	N/A
	N/A
	SSP 41162
	Angular momentum limits needed to protect ISS from unwanted effects from deflation.

	3.2.8.3.10.1
	Limit Disturbance Induced ISS Attitude Rate
	A
	
	
	NASA
	Boeing
	
	

	3.2.8.3.10.2
	Limit Disturbance Induced CMG Momentum Usage
	A
	
	
	NASA
	Boeing
	
	

	3.2.9
	Crew Interfaces
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.9.1
	Human Factors for Activation Box
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.9.1.1
	Accidental Actuation
	I
	
	
	BA
	Boeing
	SSP 50005, section 9.3.3.2
	Critical BEAM activation switches need to be safeguarded for inadvertant actuation. 

	3.2.9.1.2
	Labelling
	I
	
	
	BA
	Boeing
	SSP 50005, section 9.5
	BEAM labels need to comply with ISS standards.

	3.2.9.2
	Translation Paths
	A or D
	
	
	BA
	Boeing
	
	

	3.2.9.3
	Crew Restraints and Mobility Aids  
	I
	
	
	BA
	Boeing
	
	

	3.2.9.4
	Crew Interface Labeling
	I
	
	
	BA
	Boeing
	
	

	3.2.9.9
	Hatch Operation
	D
	
	
	BA
	Boeing
	SRR RID # 2
	

	3.2.10
	SR&M Requirements
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.10.1.A
	Safety Requirements
	I
	
	
	BA
	Boeing
	SSP 50808
	BEAM needs to meet the standard applicable ISS Safety requirements.

	3.2.10.1.B
	
	NVR
	
	
	N/A
	N/A
	SSP 50808
	

	3.2.10.1.C
	
	I
	
	
	BA
	Boeing
	SSP 50808
	

	3.2.10.1.1
	Catastrophic Hazaards
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.2
	Critical Hazards
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.3
	Design for Minimum Risk
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.4
	Safe Without Services
	A
	
	
	
	
	
	

	3.2.10.1.5
	Control of Functions Resulting in Critical Hazards
	NVR
	
	
	N/A
	N/A
	Header
	

	3.2.10.1.5.1
	Inadvertent Operation Resulting in Critical Hazards
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.5.2
	Loss of Function Resulting in Critical Hazards
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.6
	Control of Functions Resulting in Catastrophic Hazards
	NVR
	
	
	N/A
	N/A
	Header
	

	3.2.10.1.6.1.A
	Inadvertent Operation Resulting in Catastrophic Hazards
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.6.1.B
	
	A
	
	
	BA
	Boeing
	
	

	3.2.10.1.6.1.C
	
	A
	
	
	BA
	Boeing
	
	

	3.2.10.1.6.2.A
	Loss of Function Resulting in Catastrophic Hazards
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.65.2.B
	
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.7
	Safety Interlocks
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.8
	Environmental Compatibility
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.9
	Pyrotechnics
	NVR
	
	
	N/A
	N/A
	Header
	

	3.2.10.1.9.1
	NASA Standard Initiators
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.9.2
	Pyrotechnic Operated Devices
	T, I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.10
	Electrical Safety
	NVR
	
	
	N/A
	N/A
	Header
	

	3.2.10.1.10.1.A
	Bent Pin or Conductive Debris Contamination
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.10.1.B
	
	
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.10.2
	Batteries
	T
	
	
	NASA
	Boeing
	SSP 50021
	

	3.2.10.1.10.3
	Crew Protection From Electrical Shock
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.11
	Pressure System
	A
	
	
	BA
	Boeing
	
	

	3.2.10.1.12
	Pressure Relief Capabillity
	A, I
	
	
	BA
	Boeing
	
	

	3.2.10.1.13
	Pressure Vessels
	A
	
	
	BA
	Boeing
	
	

	3.2.10.1.14
	Metallic Pressure Vessels
	A, T
	
	
	BA
	Boeing
	
	

	3.2.10.1.15
	Pressurized Volume Depressurization and Repressurization Tolerance
	NVR
	
	
	N/A
	N/A
	Header
	

	3.2.10.1.15.1
	Pressure Differential Tolerance
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.15.2
	Operation During Pressurization Changes
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.16
	Emergency Egress
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.16.1
	Drag Throughs
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.17
	Component Hazardous Energy Provision
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.18
	Hatch Opening
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.19
	Touch Temperature
	NVR
	
	
	N/A
	
	Header
	

	3.2.10.1.19.1
	Internal Touch Temperature
	NVR
	
	
	N/A
	
	Header
	

	3.2.10.1.19.1.1
	Hot Temperature Hazards
	A
	
	
	BA
	Boeing
	SSCN 012929
	

	3.2.10.1.19.1.2
	Cold Temperature Hazards
	A
	
	
	BA
	Boeing
	SSCN 012929
	

	3.2.10.1.19.1.3
	Calculating Permissible Material Temperature
	NVR
	
	
	N/A
	N/A
	SSCN 012929
	

	3.2.10.1.19.2
	External Touch Temperature Hazards
	NVR
	
	
	N/A
	
	Header
	

	3.2.10.1.19.2.1
	Incidental Contact
	A
	
	
	BA
	Boeing
	SSCN 012929
	

	3.2.10.1.19.2.2
	Unlimited Contact
	A
	
	
	BA
	Boeing
	SSCN012929
	

	3.2.10.1.20
	Sharp Edges
	NVR
	
	
	N/A
	N/A
	Header
	

	3.2.10.1.20.1
	External Corner and Edge Protection
	NVR
	
	
	N/A
	N/A
	Header
	

	3.2.10.1.20.1.1
	Sharp Edges
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.20.1.2
	Thin Materials
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.20.2
	Internal Corner and Edge Protection
	NVR
	
	
	N/A
	N/A
	Header
	

	3.2.10.1.20.2.1
	Equipment Exposed to Crew Activity
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.20.2.2
	Equipment Exposed only during Planned Maintenance
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.2.21
	Crew Inadvertent Loads
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.22
	Latches
	A, I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.23
	Screws and Bolts
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.24
	Safety Critical Fasteners
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.25
	Levers, Cranks, Hooks, and Controls
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.26
	Burrs
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.27
	Holes
	NVR
	
	
	N/A
	N/A
	Header
	

	3.2.10.1.27.1
	Equipment Located Inside Habital Volumes
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.27.2
	Equipment Located Outside Habital Volumes
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.28
	Protrusions
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.29
	Pinch Points
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.30
	Emergency Ingress
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.31.A
	Translation Routes and Established Worksites
	I
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.1.31.B
	
	A
	
	
	BA
	Boeing
	SSP 50021
	

	3.2.10.2
	Reliability Requirements
	NVR
	
	
	N/A
	N/A
	Header
	N/A

	3.2.10.2.1
	Failure Propagation
	A
	
	
	BA
	Boeing
	SSP 41162
	BEAM should not propagate failures

	3.2.10.2.2
	Redundance Separation
	A
	
	
	BA
	Boeing
	SSP 41162
	BEAM critical components need fault tolerance for crew safety. 

	3.2.10.3
	Maintainability Requirements
	NVR
	
	
	N/A
	N/A
	Header
	Minimum set of Maintainability requirements.

	3.2.10.3.1
	Access Item Retention
	I
	
	
	BA
	Boeing
	SSP 50860
	

	3.2.10.3.2
	Restraint and Handling Devices for Temprary Storage
	A
	
	
	BA
	Boeing
	SSP 50860
	

	3.2.10.3.3
	Equipment Interconnecting Devices
	I
	
	
	BA
	Boeing
	SSP 50318
	

	3.2.10.3.4
	Manual FDIR
	A
	
	
	BA
	Boeing
	SSP 50860
	

	3.2.11
	Material Requirements
	I
	
	
	N/A
	N/A
	SSP 41162
	Insures BEAM will meet offgassing, toxicity, flammability, and outgassing requirements. 

	3.2.11.1
	Materials and Processes Design Standards
	I
	
	
	BA
	Boeing
	
	

	3.2.11.2
	Control of Water Soluable Volatile Organic Compounds
	I
	
	
	BA
	Boeing
	
	

	3.2.11.3
	Vehicle-Unique Payload Materials
	N/A
	
	
	N/A
	N/A
	
	

	3.2.11.3.1
	Flame Impingement
	I
	
	
	BA
	Boeing
	
	

	3.2.11.3.2
	Flammability of Primary Structure
	A or T
	
	
	BA
	Boeing
	
	


5.0 EXCEPTION Processing

See SSP 50808 Section 5.0 for a definition of the processes for exceptions and waivers.

Appendix A – ABBREVIATIONS AND ACRONYMS
	ACBM
	Active Common Berthing Mechanism

	AO
	Atomic Oxygen

	APFR
	Articulating Portable Foot Restraint

	APID
	Application Process Identification

	Ar
	Argon

	ATU
	Audio Terminal Unit

	AVF
	Automated Vision Function

	AWG
	American Wire Gauge

	
	

	BA
	Bigelow Aerospace

	BEAM
	Bigelow Expandable Activity Module

	BTU
	British Thermal Unit

	
	

	°C
	Degrees Centigrade

	CAD
	Computer Aided Design

	CBCS
	Centerline Berthing Camera System

	CBM
	Common Berthing Mechanism

	CCSDS
	Consultative Committee for Space Data Systems

	CETA
	Crew and Equipment Translation Assembly

	CFM
	Cubic Feet per Minute

	CFU
	colony forming unit

	CG
	Center of Gravity

	cm
	Centimeter

	CMG
	Control Moment Gyro

	COC
	Certificate of Compliance

	CR
	Change Request

	CUC
	CCSDS Unsegmented time Code

	CVCM
	Collected Volatile Condensable Materials

	
	

	dB
	Decibel

	dBA
	Decibels (Acoustics)

	DC
	Direct Current

	DCN
	Document Change Notice, Drawing Change Notice

	DDS
	Deployment Dynamic Sensors

	Deg
	Degree

	Dia
	Diameter

	DIDS
	Distributed Impact Detection Sensors

	DQA
	Document Quality Assurance

	
	

	ECLSS
	Environmental Control and Life Support System

	EDM
	Electrical Discharge Machining

	EEE
	Electrical, Electronic, and Electromechanical

	EEOCS
	End Effector Operating Coordinate System

	EMC
	Electromagnetic Compatibility

	EMI
	Electromagnetic Interference

	ETFE
	Ethylene tetrafluoroethylene

	EVA
	Extravehicular Activity

	EVR
	Extravehicular Robotics

	EWIS
	External Wireless Instrumentation System

	
	

	F
	Force

	°F
	Degrees Fahrenheit

	FDIR
	Failure Detection, Isolation, and Recovery

	FOD
	Foreign Object Debris

	FRGF
	Flight Releasable Grapple Fixture

	ft
	Foot

	
	

	g
	gravity

	GFCS
	Grapple Fixture Coordinate System

	GOX
	Gaseous Oxygen

	grms
	Gravity, Root Mean Square

	GSRP
	Ground Safety Review Panel

	
	

	He
	Helium

	Hg
	Mercury

	HIDH
	Human Integration Design Handbook

	hr
	hour

	Hz
	Hertz

	
	

	ICD
	Interface Control Document

	ID
	identification

	IMV
	Intermodule Ventilation

	in
	inch

	in-lb
	inch-pounds

	IR
	Infra-red

	ISL
	Integrated Station LAN

	ISS
	International Space Station

	IVA
	Intravehicular Activity

	
	

	JSC
	Johnson Space Center

	JSL
	Joint Station LAN

	
	

	Kg
	Kilogram

	kHz
	Kilohertz

	kJ
	KiloJoules

	Ksi
	Kilo-pounds per square inch

	kW
	Kilowatts

	
	

	L-
	Launch minus

	LAN
	Local Area Network

	lbf
	Pounds force

	lbs
	pounds

	LM
	Laser Machining

	LOX
	Liquid Oxygen

	
	

	m
	Meter

	M
	Moment

	m2
	Square Meters

	m3
	Cubic Meters

	M&P
	Materials and Processes

	MAPTIS
	Materials and Processes Technical Information System

	Max
	Maximum

	MDP
	Maximum Design Pressure

	Min
	Minimum, Minute

	MIUL
	Material Identification and Usage List

	mm
	millimeter

	M/OD
	Meteoroid/Orbital Debris

	MMOD
	Meteoroid/Meteorite Orbital Debris

	MMPDS
	Metallic Materials Properties Development and Standardization

	Mpa
	Mega-Pascals

	MRDL
	Medium Rate Data Link

	MSFC
	Marshall Space Flight Center

	MSS
	Mobile Servicing System

	MT
	Mobile Transporter

	MUA
	Materials Usage Agreement

	
	

	N
	Newton

	N/A
	Not Applicable

	NASA
	National Aeronautics and Space Administration

	NBL
	Neutral Buoyancy Laboratory

	NDE
	Nondestructive Evaluation

	NM
	Newton-Meter

	nm
	Nano-meter

	NOAA
	National Oceanic Atmospheric Administration

	NSI
	NASA Standard Initiator

	NTIA
	National Telecommunication and Information Administration

	NVR
	No verification required

	OD
	Avionics and Software Office

	OLR
	Outgoing Longwave Radiation

	ORGN
	organization

	ORU
	Orbital Replacement Unit

	
	

	Pa
	Pascal

	PCBM
	Passive Common Berthing Mechanism

	PDR
	Preliminary Design Review

	PE&I
	Payloads Engineering and Integration

	PFR
	Portable Foot Restraint

	PIRN
	Preliminary/Proposed Interface Revision Notice

	PNP
	Probability of No Penetration

	PNSP
	Probability of No Subcomponent Penetration

	PO
	Payload Organization

	POA
	Payload ORU Accommodation

	PRCU
	Payload Rack Checkout Unit

	psf
	Pounds per Square Foot

	psi
	Pounds per square inch

	psia
	Pounds per square inch absolute

	psid
	pounds per square inch differential 

	PSRP
	Payload Safety Review Panel

	PTFE
	Polytetrafluoroethylene

	Pub
	published

	
	

	Rad
	Radius, Radial

	RCS
	Reaction Control System

	Ref
	Reference

	Rev
	Revision

	RF
	Radio Frequency

	RID
	Review Item Discrepancy

	RMS
	Root Mean Square

	rss
	Root Sum Square

	s
	second

	sccs
	Standard Cubic Centimeters per Second

	SDP
	Safety Data Package

	sec
	second

	SE&I
	Systems Engineering and Integration

	S&M
	Structural and Mechanical

	SMAC
	Spacecraft Maximum Allowable Concentration

	SPDM
	Special Purpose Dexterous Manipulator

	SPL
	Sound Pressure Level

	SRR
	System Requirements Review

	SSC
	Space Station Computer

	SSCD
	Space Station Change Directive

	SSQ
	Space Station Qualified

	SSRMS
	Space Station Remote Manipulator System

	STBD
	Starboard

	
	

	Tang
	Tangential

	TBC
	To Be Confirmed

	TBD
	To Be Determined

	TBR
	To Be Resolved

	TES
	exposed surface temperature

	TML
	Total Mass Loss

	TPM
	permissible material temperature

	TQCM
	Thermally-controlled Quartz Crystal Microbalances 

	
	

	US
	United States

	USB
	Universal Serial Port

	UTS
	Ultimate Tensile Strength

	UV
	Ultra-violet

	
	

	VC-S
	Visibly Clean-Sensitive

	VCB
	Vehicle Control Board

	VUA
	Volatile Usage Agreement

	
	

	W
	Watts

	WTS
	Wireless Temperature Sensors


Appendix B - Glossary of Terms

Non-Normal:  Pertaining to performance of the Electrical Power System outside the nominal design due to ISS system equipment failure, fault clearing, or overload conditions.

Operate:  Perform intended design functions given specified conditions.
Penetration:  Penetration is defined as a complete penetration (i.e., hole) in the bladder and/or damage to the restraint layer that would lead to structural failure of the restraint and/or loss of pressure integrity, or a complete penetration of the metallic bulkhead, or complete penetration of the pressure shell of the common berthing mechanism (CBM) and tunnel connecting BEAM to ISS.
Safety-Critical:  Having the potential to be hazardous to the safety of hardware, software, and/or personnel.
Safe-Life:
A design criterion under which a flaw is assumed consistent with the inspection process specified and it can be shown that the largest undetected flaw that could exist in the structure will not grow to failure in four service lifetimes when subjected to the cyclic and sustained loads in the environments encountered; also, the period of time for which the integrity of the structure can be ensured in the expected operating environments. 
Appendix C - open work
C.1
TO BE Confirmed ITEMS

Table C.1-1 lists the specific To Be Confirmed (TBC) items in the document that are closely known, but not exactly confirmed.  The TBC is inserted as a placeholder wherever the required data confirmation is needed.  As each TBC is solved, the updated text is inserted in each place where that TBC appears in the document and the item is struck from this table.  As new TBC items are assigned or existing TBC items are completed/deleted, they will be added to this list.  Original TBCs will not be renumbered.

	TAble C.1-1  To Be Confirmed (TBC) Items

	TBC No.
	Description
	Document
Section
	Responsible Party
	Phase 1 or 2 work
	Reason for TBC

	TBC-1
	Passageway Envelope
	3.2.1.2
	Program
	
	completed

	TBC-2
	Atmospheric Heat Load
	3.2.3.2.1.5
	ECLSS
	
	completed 

	TBC-3
	Atmospheric Composition
	3.2.3.5
	ECLSS
	
	completed 

	TBC-4
	Math Models used
	3.2.5
	PTCS
	
	completed

	TBC-5
	Micro-gravity Acceleration Limits
	3.2.8.3.8.2
	S&M
	
	completed 

	TBC-6
	Return Atmosphere Temperature
	3.2.3.2.1.1
	ECLSS
	
	completed

	TBC-7
	Plasma Voltage Potential
	3.2.8.1.5
	Env.
	
	Completed 

	TBC-8
	BEAM resonant Frequency
	4.3.2.2.5
	L&D
	
	completed 

	TBC-9
	Berthing Contact Forces
	3.2.2.3.1
	S&M
	2
	

	TBC-10
	Berthing Contact Loads
	3.2.2.3.1
	S&M
	2
	

	TBC-11
	Center of Gravity
	3.1.3.2
	BA
	2
	

	TBC-12
	Weight
	3.1.3.1
	BA
	2
	

	TBC-13
	Interface Loads
	3.2.2.3.1
	BA
	2
	

	TBC-14
	Interface Loads
	3.2.2.3.1
	BA
	2
	

	TBC-15
	Interface Loads
	3.2.2.3.1
	BA
	2
	

	TBC-16
	Interface Loads
	3.2.2.3.1
	BA
	2
	


C.2
TO BE DETERMINED ITEMS

Table C.2-1 lists the specific To Be Determined (TBD) items in the document that are not yet known.  The TBD is inserted as a placeholder wherever the required data is needed.  As each TBD is solved, the updated text is inserted in each place where that TBD appears in the document and the item is struck from this table.  As new TBD items are assigned or existing TBD items are completed/deleted, they will be added to this list.  Original TBDs will not be renumbered.  TBDs for document update placeholders will not be listed here.
	Table C.2-1  To Be Determined (TBD) Items (2 PAGES)

	TBD No.
	Description
	Document
Section
	Responsible Party
	Phase 1 or 2 work
	Reason for TBD

	TBD-1
	Berthing Contact Forces
	3.2.2.3.1
	S&M
	
	completed  

	TBD-2
	Berthing Contact Loads
	3.2.2.3.1
	S&M
	
	completed  

	TBD-3
	Coupled Interface Loads
	3.2.2.3.1
	S&M
	
	completed  

	TBD-4
	Transient Loads Spectra
	3.2.2.3.1
	S&M
	
	completed  

	TBD-5
	Thermally Induced Structural Loads
	3.2.2.3.2.1
	S&M
	
	completed

	TBD-6
	Thermally Induced Structural Loads
	3.2.2.3.2.2
	S&M
	
	completed

	TBD-7
	Thermally Induced Loads Spectrum
	3.2.2.3.2.2
	S&M
	
	completed

	TBD-8
	Thermally Induced Mean Berthing Loads
	3.2.2.3.2.2
	S&M
	
	completed

	TBD-9
	Passive Thermal Control Interfaces
	3.2.5
	PTCS
	
	Overcome by updates

	TBD-10
	Plume Impingement
	3.2.8.3.1
	Env.
	
	completed

	TBD-11
	Limit Quasi-Steady Accelerations
	3.2.8.3.8.1
	S&M
	
	completed

	TBD-12
	CBM stay out dimension
	3.2.1.1
	S&M
	
	completed

	TBD-13
	CBM stay out dimension
	3.2.1.1
	S&M
	
	completed 

	TBD-14
	CBM stay out dimension
	3.2.1.1
	S&M
	
	complete

	TBD-15
	CBCS Target Clocking
	3.2.2.7
	S&M
	
	Completed 

	TBD-16
	Source Impedance
	3.2.4.1.1
	EPS
	2
	Source impedance limit curves are usually specified for the EPS users. 

	TBD-17
	Load Impedance
	3.2.4.1.2
	Bigelow
	2
	EPS needs to understand BEAMs load impedance for system EPS load analysis. 

	TBD-18
	Mapping of Surface Properties
	3.2.6
	Bigelow
	
	Overcome by updates

	TBD-19
	Surface Properties
	3.2.6
	Bigelow
	
	Overcome by updates

	TBD-20
	Grapple Fixture Locations
	3.2.6.1
	Bigelow
	2
	BEAM Grapple fixture locations and orientations need to be known for robotics operations. 

	TBD-21
	Grapple Fixture Orientations
	3.2.6.1
	Bigelow
	2
	

	TBD-22
	EVA Aids Locations
	3.2.7.2
	Bigelow
	2
	BEAM EVA implementation needs to be known for contingency EVA operations. 

	TBD-23
	EVA Translation Paths
	3.2.7.3
	Bigelow
	2
	

	TBD-24
	EVA Warning Locations
	3.2.7.4
	Bigelow
	2
	

	TBD-26
	BEAM Temperature and Pressure Data
	3.2.4.2.2
	Bigelow
	2
	We need to know how BEAM will transmit data for flight operations. 

	TBD-27
	Softgoods Structural Requirements
	3.2.2.2
	NASA S&M
	
	completed

	TBD-28
	Softgoods Structural Requirements
	4.3.2.2.2
	NASA S&M
	
	completed

	TBD-29
	Data Formats
	3.2.4.2.1.B
	
	
	completed 

	TBD-30
	Frequency Manager Requirements
	3.2.4.2.1.D
	
	
	completed

	TBD-31
	BEAM Coordinate System
	3.1.2
	Glenn Miller
	
	complete

	TBD-32
	Target reflectance compatibility
	4.3.2.2.7.F
	EVR
	
	complete 

	TBD-33
	Mean Maintenance Crew Hours
	3.2.10.3.3
	Bigelow
	
	Maintainability removed this requirement. I think needs more discussion. Certainly BEAM will have some kind of minimum maintenance. 

	TBD-34
	Surface Microbial Testing
	4.3.2.8.3.7.2
	
	
	completed 

	TBD-35
	ISS Data
	3.2.4.2.2
	Bigelow
	
	Inadvertent duplicate to TBD-26. Have deleted. 

	TBD-36
	Coax Port Details
	3.2.4.2.1
	
	
	

	TBD-37
	USB Port Details
	3.2.4.2.1
	
	
	

	TBD-38
	BEAM Data Feedthrough connectors
	3.2.4.2.2
	
	
	

	TBD-39
	PCBM test #
	4.3.2.2.1
	
	
	Overcome by events

	TBD-40
	NASA-STD-6004
	2.1
	
	
	Document not released


C.3
TO BE resolved ITEMS

Table C.3-1 lists unresolved issues within the document.  The To Be Resolved (TBR) is inserted as a placeholder at the points within the document that are affected by the unresolved issue.  As each TBR is resolved, the updated text is inserted and the issue is struck from this table.  As new TBR items are assigned or existing TBRs are resolved, original TBRs will not be renumbered.

	Table C.3-1  To Be Resolved (TBR) Items

	TBR No.
	Description
	Document
Section
	Responsible
	Due Date
	Resolution and 
Closure Date

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Appendix D - exceptions
d.1
PURPOSE AND SCOPE

The purpose of this appendix is to provide for a repository for Exceptions to paragraphs of the ICD.
	Appendix E - Materials and Processes Applicability

	Paragraph
	Title
	Text
	NASA ISS M&P BEAM PAYLOAD

	4.0
	REQUIREMENTS
	Materials used in the fabrication and processing of flight hardware shall be selected by considering the worst-case operational requirements for the particular application and the design engineering properties of the candidate materials.  For example, the operational requirements shall include, but shall not be limited to, operational temperature limits, loads, contamination, life expectancy, moisture or other fluid media exposure, and vehicle-related induced and natural space environments.  Properties that shall be considered in material selection include, but are not limited to, mechanical properties, fracture toughness, flammability and offgassing characteristics, corrosion, stress corrosion, thermal and mechanical fatigue properties, glass-transition temperature, coefficient of thermal expansion mismatch, vacuum outgassing, fluids compatibility, microbial resistance, moisture resistance, fretting, galling, and susceptibility to electrostatic discharge (ESD) and contamination.  Conditions that could contribute to deterioration of hardware in service shall receive special consideration.
	Y

	
	
	Non-flight materials used in processing and testing of flight hardware shall not cause degradation of the flight hardware.
	Y

	4.1.1
	Materials and Processes, Selection, Control, and Implementation Plan 
	Each organization responsible for the design and fabrication of spacecraft flight hardware shall provide a Materials and Processes Selection, Control, and Implementation Plan. This plan shall document the degree of conformance and method of implementation for each requirement in this standard, identifying applicable in-house specifications used to comply with the requirement.  It shall also describe the methods used to control compliance with these requirements by subcontractors and vendors.  The Materials and Processes Selection, Control, and Implementation Plan, upon approval by the procuring activity shall become the Materials and Processes implementation document used for verification
	NA

	
	
	The Materials and Processes Selection, Control, and Implementation Plan shall include the following: 
	NA

	4.1.1.1
	Coordination, Approval, and Tracking
	The Materials and Processes Selection, Control, and Implementation Plan shall identify the method of coordinating, approving, and tracking all engineering drawings, engineering orders, and other documents that establish or modify materials and/or processes usage.
	NA

	4.1.1.2
	Approval Signature
	The Materials and Processes Selection, Control, and Implementation Plan shall include a requirement that all design drawings and revisions contain a Materials and Processes approval block, or equivalent, to assure that the design has been reviewed and complies with the intent of this document.  These drawings shall be signed by the responsible Materials and Processes authority prior to release. 
	Modified: All design drawings and revisions shall contain a Materials and Processes approval block, or equivalent, to assure that the design has been reviewed and complies with the intent of this document.  These drawings shall be signed by the responsible Materials and Processes authority prior to release. 

	4.1.1.3
	Materials and Process Controls
	All materials and processes shall be defined by standards and specifications and shall be identified directly on the appropriate engineering drawing.  The Materials and Processes Selection, Control, and Implementation Plan shall identify those materials and process standards and specifications used to implement specific requirements in this document.  
	Modified:  All materials and processes shall be defined by standards and specifications and shall be identified directly on the appropriate engineering drawing.   JSC in-house process specifications (PRC-xxxx) meet all process-specification requirements and are available for optional use by any contractor.

	
	
	Standards and specifications shall be selected from Government, industry, and company specifications and standards.  Rationale for the selection of company specifications over Government and industry voluntary consensus standards and specifications shall be documented in the Materials and Processes Selection, Control, and Implementation Plan.  The rationale shall include an identification of the Government or industry specifications or standards examined and an explanation of why each was unacceptable.  Company materials and process specifications shall be identified by revision letter in the Materials and Processes Selection, Control, and Implementation Plan.  
	NA

	
	
	All materials and process specifications used to produce flight hardware shall be made available to the responsible NASA Program or Project Office and Materials and Processes organization. Changes to materials and process standards and specifications identified in the Materials & Processes Selection, Control, and Implementation Plan shall require NASA Materials and Processes organization-approved MUAs in accordance with section 4.1.3 of this standard.
	Modified:  All materials and process specifications used to produce flight hardware shall be made available for review by the responsible NASA Program, Project Office, or Materials and Processes organization. 

	
	
	Process specifications shall adequately define process steps at a level of detail that ensures a repeatable/controlled process that produces a consistent and reliable product.  Process qualification shall be conducted to demonstrate the repeatability of all processes where the quality of the product cannot be directly verified by subsequent monitoring or measurement.    
	Y

	
	
	Note:  The process requirements in this standard do not provide the detailed process and quality assurance requirements that ensure a process is repeatable.  Instead, they are intended as higher level documents which state minimum requirements and provide general directions for the design of hardware.
	Y

	4.1.1.3.1
	Standard and Specification Obsolescence 
	During a long-term program, materials and process standards and specifications identified in this document or in contractor materials control plans could become obsolete.  Continued use of obsolete standards and specifications is acceptable for manufacturing series or new-design hardware.  Use of an updated, alternate, or new material or process standard or specification from those identified in the Materials and Processes Selection, Control, and Implementation Plan shall be implemented by either of the following means:
	Modified:  The contractor shall verify that revised materials and process standards and specifications meet or exceed the standards and specifications used in the original hardware design and certification.

	
	
	a. Updating the Materials and Processes Selection, Control, and Implementation Plan upon approval of a meets/exceeds analysis for process specification changes by the responsible NASA M&P organization and program or project office.  
	NA

	
	
	b. Processing a hardware-specific MUA demonstrating that the revised or alternative standard or specification does not adversely affect the functionality, reliability, and safety of the hardware.
	NA

	
	
	Small changes to the chemical composition of nonmetallic materials may sometimes occur without affecting the materials specification.  The Materials and Processes Selection, Control, and Implementation Plan shall identify materials where chemical fingerprinting is required to ensure the properties are controlled.
	NA

	4.1.1.4
	Commercial Off The Shelf (COTS) Hardware 
	A procedure shall be established to ensure that all vendor-designed, off-the-shelf, and vendor-furnished items are covered by the M&P requirements of this document.  The procedure shall include special considerations for off-the-shelf hardware where detailed materials and processes information may not be available or it may be impractical to impose all the detailed requirements specified in this standard.  The procedure shall include provisions for ensuring that this hardware is satisfactory from an overall materials and processes standpoint.
	Modified:  A procedure shall be established to ensure that all vendor-designed, off-the-shelf, and vendor-furnished items are covered by the M&P requirements of this document.  The procedure shall include provisions for ensuring that this hardware is satisfactory from an overall materials and processes standpoint.

	4.1.1.5
	Materials and Processes Control Board
	The prime contractor for each contract shall establish a materials and processes control board.  The board charter and membership shall be described in the Materials and Processes Selection, Control, and Implementation Plan.  The board shall be responsible for the planning, management, and coordination of the selection, application, procurement, control, and standardization of materials and processes for the contract.  The board shall also be responsible for directing and dispositioning materials and processes problem resolution.  The responsible NASA M&P organization shall be an active member of the board and shall have the right of disapproval of board decisions.  
	NA

	4.1.2  
	Materials and Processes Usage Documentation
	Materials and processes usage shall be documented in an electronic searchable parts list or separate electronic searchable Materials Identification and Usage List (MIUL).  The procedures and formats for documentation of materials and processes usage will depend upon specific hardware but shall cover the final design.  The system used shall be an integral part of the engineering configuration control/release system.  A copy of the stored data shall be provided to NASA in a form compatible with the Materials and Processes Technical Information System (MAPTIS), accessible via the Internet at http://maptis.nasa.gov.  
	Modified:  The contractor shall provide materials and processes assessment summary to document that all materials and processes have been evaluated and comply with these requirements.  Contractor format is acceptable, but the level of detail shall be equivalent to that in a Johnson Space Center Materials Certification and hardware summary report (examples available on request).

	
	
	The parts list or MIUL shall identify the following applicable information:
	NA

	
	
	●  Detail drawing and dash number
	NA

	
	
	●  Next assembly and dash number
	NA

	
	
	●  Change letter designation
	NA

	
	
	●  Drawing source 
	NA

	
	
	●  Material form
	NA

	
	
	●  Material manufacturer
	NA

	
	
	●  Material manufacturer's designation
	NA

	
	
	●  Material specification
	NA

	
	
	●  Process specification
	NA

	
	
	●  Environment
	NA

	
	
	●  Weight
	NA

	
	
	●  Material code
	NA

	
	
	●  Standard/commercial part number
	NA

	
	
	●  Contractor
	NA

	
	
	●  System
	NA

	
	
	●  Subsystem
	NA

	
	
	●  Maximum temperature
	NA

	
	
	●  Minimum temperature
	NA

	
	
	●  Fluid type
	NA

	
	
	●  Surface area
	NA

	
	
	●  Associate contractor number
	NA

	
	
	●  Project
	NA

	
	
	●  Document title
	NA

	
	
	●  Criticality
	NA

	
	
	●  Line number
	NA

	
	
	●  Overall evaluation
	NA

	
	
	●  Overall configuration test
	NA

	
	
	●  Maximum pressure
	NA

	
	
	●  Minimum pressure
	NA

	
	
	●  Test MUA document
	NA

	
	
	●  Cure codes
	NA

	
	
	●  Remarks (comments field)
	NA

	
	
	The Materials and Processes Technical Information System (MAPTIS) shall be consulted to obtain material codes and ratings for materials, standard and commercial parts, and components. New material codes shall be assigned by NASA Marshall Space Flight Center (MSFC).  
Where batch/lot testing is required, traceability of specific test reports for batch/lot used shall be provided in the remarks field.  Wire, cable, and exposed surfaces of connectors shall meet the requirements of this document and be reported on the MIUL.  All other standard and nonstandard Electrical, Electronic, and Electromechanical (EEE) parts shall be exempt from these requirements and reporting on the MIUL. Materials used in hermetically sealed electronic containers (maximum leak rate less than 1 x 10-4 cm3/sec) are exempt from inclusion in the MIUL.  
	NA

	
	
	NOTE:  Per section 4.1.3:  The use of materials and processes that do not comply with the technical requirements of this standard may be acceptable in the actual hardware applications.  Material Usage Agreements (MUAs) shall be submitted for all materials and processes that are technically acceptable but do not meet the technical requirements of this standard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan. 
	Modified: NOTE:  Per section 4.1.3:  The use of materials and processes that do not comply with the technical requirements of this standard may be acceptable in the actual hardware applications.  Material Usage Agreements (MUAs) shall be submitted for all materials and processes that are technically acceptable but do not meet the technical requirements of this standard.

	4.1.3
	Materials Usage Agreements (MUA)
	The use of materials and processes that do not comply with the requirements of this standard may still be acceptable in the actual hardware applications.  Material Usage Agreements (MUAs) shall be submitted for all materials and processes that are technically acceptable but do not meet the requirements of this standard., as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.  The MUA shall include sufficient information to demonstrate that the application is technically acceptable.  A typical MUA form is given in Appendix A, page A-1.  A tiered MUA system with three categories shall be used.  
	Modified: The use of materials and processes that do not comply with the requirements of this standard may still be acceptable in the actual hardware applications.  Material Usage Agreements (MUAs) shall be submitted for all materials and processes that are technically acceptable but do not meet the requirements of this standard. The MUA shall include sufficient information to demonstrate that the application is technically acceptable.  A typical MUA form is given in NASA-STD-6016 Appendix A, page A-1.  A tiered MUA system with three categories shall be used. MUAs shall not be used to change the M&P requirements for a nonconforming product.  

When the nonconformance is a deviation from M&P requirements and is acceptable for future series hardware, an MUA may be generated to provide technical support for a change to the product baseline.  If MUA approval is not granted, a waiver request may be submitted per the program/project Configuration Management Control Plan.

	4.1.3.1
	Category I MUAs
	Category I MUAs are those that involve M&P usage that could affect the safety of the mission, crew, or vehicle or affect the mission success, but must be used for functional reasons. Category I MUAs are delivered by the hardware developer, and approval by the responsible NASA Materials and Processes organization and the NASA Program/Project Office shall be required. 
	Y

	4.1.3.2
	Category II MUAs
	Category II MUAs are those that involve M&P usage that fails a screening of Material and Processes requirements and is not considered a hazard in its use application but for which no Category III rationale code exists. Category II MUAs are delivered by the hardware developer and approval by the responsible NASA Materials and Processes organization shall be required. 
	Y

	4.1.3.3
	Category III MUAs
	Category III MUAs are those that involve M&P that have not been shown to meet these requirements but have an approved rationale code listed in Appendix B.  They are evaluated and determined to be acceptable at the configuration/part level
	Modified: Category III MUAs are those that involve M&P that have not been shown to meet these requirements but have an approved rationale code listed in NASA-STD-6016 Appendix B.  They are evaluated and determined to be acceptable at the configuration/part level.

	
	
	Approved category III MUAs shall be reported in the MIUL system or electronic data system utilizing the approved rationale codes in Appendix B.  Category III MUAs are approved by the hardware developer and responsible Materials and Processes organization through acceptance of the MIUL.  A key may be provided to correlate contractor Category III MUA database codes to the codes in Appendix B. No MUA form is submitted. 
	Modified:  Category III MUAs are approved by the hardware developer and responsible Materials and Processes organization.  The hardware developer shall retain records of Category III MUA usage and make them available for review by the responsible NASA M&P organization.  A key may be provided to correlate contractor Category III MUA database codes to the codes in NASA-STD-6016 Appendix B. No MUA form is submitted.

	4.1.4  
	Manufacturing Planning 
	Materials and Processes organizations shall participate in manufacturing planning to ensure compliance with materials and process requirements.  The degree of M&P involvement in manufacturing planning shall be defined in the Materials and Processes, Selection, Control, and Implementation Plan described in paragraph 4.1.1 of this standard.
	NA

	4.1.5  
	Materials Certification and Traceability
	All parts or materials shall be certified as to composition, properties, and requirements as identified by the procuring document.  Parts and materials used in critical applications such as life-limited materials, and/or safety- and fracture-critical parts shall be traceable through all critical processing steps and the end-item application; processing records shall be retained for the life of the hardware.
	Y

	4.1.6  
	Material Design Allowables 
	Values for allowable mechanical properties of structural materials (A, B, or S) in their design environment shall be taken from MMPDS-01, Metallic Materials Properties Development and Standardization or MIL-HDBK-17.  When high-strength metallic materials are heat treated, the adequacy of the heat treatment process shall be verified by test (see section 4.2.2 of this standard).
	Modified, Add:

Note:  Values for allowable mechanical properties of structural materials listed in later versions of MMPDS than that specified in section 2 may be used, provided the methodology used to develop the allowable mechanical properties is at least as conservative.

	
	
	Material “B” allowable values shall not be used except in redundant structure in which the failure of a component would result in a safe redistribution of applied load-carrying members.  
	Y

	
	
	Material “S” allowables not listed in MMPDS or MIL-HDBK-17 shall not be used in safety-critical hardware without an approved MUA to document that the “S” allowables have been properly derived in accordance with the procedures in MMPDS or MIL-HDBK-17.  

Material “S” allowables developed with this methodology may be used in noncritical applications without an MUA.
	Y

	
	
	When design allowables for mechanical properties of new or existing structural materials are not available, they shall be determined by analytical methods described in MMPDS-01 or MIL-HDBK-17.  The hardware developer shall develop a plan describing its philosophy on how it will determine what material design properties will be used, and if those properties do not exist, how they will be developed including, but not limited to the statistical approaches to be employed.  All mechanical and physical property data shall be provided to the responsible NASA Materials and Processes organization.    
	Modified:  When design allowables for mechanical properties of new or existing structural materials are not available, they shall be determined by analytical methods described in MMPDS-01 or MIL-HDBK-17.  All mechanical and physical property data shall be made available and the methodology shall be approved by the responsible NASA Materials and Processes organization.

	4.2
	Detailed Requirements
	
	Y (Heading only)

	4.2.1
	Flammability, Offgassing, and Compatibility Requirements
	Materials shall meet the requirements of NASA-STD-6001, Flammability, Odor, Offgassing, and Compatibility Requirements and Test Procedures for Materials in Environments That Support Combustion, as described below. 
	Modified:  Materials shall meet the requirements of NASA-STD-6001, Flammability, Odor, Offgassing, and Compatibility Requirements and Test Procedures for Materials in Environments That Support Combustion, as described below. Testing is not required when materials, standard and commercial parts, and components have been previously tested and have acceptable ratings in the NASA MAPTIS.

	4.2.1.1
	Flammability Control
	Materials that are nonflammable or self-extinguishing in their use configuration as defined by NASA-STD-6001, Test 1, shall be used for flammability control. Material flammability ratings and tests based on NASA-STD-6001 for many materials are found in the MAPTIS database.
	Modified Add: The flight configuration BEAM structural softgoods shall also meet the flame impingement requirements of section 3.2.11.4.1 of SSP 57239 (BEAM ICD).  If this cannot be met for the BEAM design, the flammability hazard shall be analyzed and documented in a hazard assessment according to section 3.2.11.4.2 of SSP 57239 (BEAM ICD) and JSC 29353.  .

	
	
	Additional acceptable materials or methods are the following:
	Y

	
	
	a. The use of ceramics, metal oxides, and inorganic glasses is accepted without test.
	Y

	
	
	b. When a material is sufficiently chemically and physically similar to a material found to be acceptable by testing per NASA-STD-6001, the use of this material without testing may be justified on an approved MUA.  
	Y

	
	
	c. Materials tested and A-rated under more severe conditions with respect to the use environment will be acceptable (considered A-rated) without test, as in the following examples:
	Y

	
	
	(1) Materials used in an environment with an oxygen concentration lower than the test level are accepted without test, whereas materials used in an environment where the concentration is greater than the test level shall be tested or considered flammable by default.  Materials that are considered flammable by default may still be accepted through the MUA approval process. 
	Y

	
	
	(2)  If a material passes the flammability test on a metal substrate, it shall be used on metal substrates of the same thickness or greater.  If the material is used on a thinner or non-heat-sinking substrate (or on no substrate at all), it shall be retested or considered flammable by default.
	Y

	
	
	Many situations arise where flammable materials are used in an acceptable manner without test, using mitigation practices and the MUA approval system.  Guidelines for hardware flammability assessment and mitigation can be found in JSC 29353, Flammability Configuration Analysis for Spacecraft Applications.
	Y

	4.2.1.2
	Toxic Offgassing
	All materials used in habitable flight compartments shall meet the offgassing requirements of Test 7 of NASA-STD-6001, using one of the following methodologies:

Note:  The following toxic offgassing requirements appear in NASA-STD-(I)-6016 but not in the final version of NASA-STD-6016, because they are included in the child standard NASA-STD-(I)-6001B instead.  The effective requirements are the same in both versions.  
	Y

	
	
	a.  Offgassing is tested as an assembled article 
	Y

	
	
	Summation of Toxic Hazard Index (T) values (total concentration in mg/m3/Spacecraft Maximum Allowable Concentration (SMAC) in mg/m3) of all offgassed constituent products shall not exceed 0.5. 
	Y

	
	
	b.  Hardware components evaluated on a materials basis 
	Y

	
	
	Individual materials used to make up a component shall be evaluated based on the actual or estimated mass of the material used in the hardware component.  The total T value for all materials used to make up the component shall be less than 0.5.  
	Y

	
	
	c.   More than one hardware component or assembly
	Y

	
	
	If a single hardware component is tested or evaluated for toxicity, but more than one will be flown, the T value obtained for one unit times the number of flight units shall be less than 0.5.  
	Y

	
	
	d.  Bulk materials and other materials not inside a container
	Y

	
	
	All materials shall be evaluated individually using the ratings in the MAPTIS database. The maximum quantity and associated rating is specified for each material code.
	Y

	
	
	The analytical technique used to identify and quantify offgassed products in the NASA-STD-6001 standard test shall be capable of detecting formaldehyde concentrations of 0.05 parts per million.  Offgassing testing is not required for metallic materials or for ceramics and metal oxides.  SMAC values shall be obtained from JSC 20584, Spacecraft Maximum Allowable Concentrations for Airborne Contaminants.  For compounds for which no SMAC values are found in JSC 20584, the values in MAPTIS shall be used.
	Y

	
	
	NASA-STD-6001 Test 6, Odor Assessment is not required.
	NA

	4.2.1.3 
	Fluid Compatibility (Fluids Other Than Oxygen)
	Materials exposed to hazardous fluids shall be evaluated or tested for compatibility.  NASA-STD-6001, Test 15 is a screening test for short-term exposure to fuels and oxidizers. Appropriate long-term tests shall be conducted for materials with long-term exposure to fuels, oxidizers, and other hazardous fluids. The test conditions shall simulate the worst-case use environment that would enhance reactions or degradation of the material or fluid. Materials degradation in long-term tests shall be characterized by post-test analyses of the material and fluid to determine the extent of changes in chemical and physical characteristics, including mechanical properties.  The effect of material condition (for example, parent versus weld metal or heat-affected zone) shall be addressed in the compatibility determination.
	Y

	4.2.1.4  
	Oxygen Compatibility
	Liquid and gaseous oxygen (LOX/GOX) systems shall use materials that are nonflammable in their worst case use configuration, as defined by NASA-STD-6001, Test 13 for mechanical impact (for LOX or GOX) and Test 17 for upward flammability in GOX (or Test 1 for materials used in oxygen pressures that are less than 50 psia (350 kPa)).  Material flammability ratings and tests based on NASA-STD-6001 for many materials are found in the MAPTIS database.
	Y if oxygen systems exist -- otherwise NA

	
	
	When a material in an oxygen system is determined to be flammable by the above tests, a hazard analysis shall be conducted and the system safety rationale shall be documented in an MUA.  The hazard analysis shall clearly state the level of failure tolerance considered and what level of risk is considered acceptable and thereby needing no mitigation. The hazard analysis shall use the evaluation methodology described in NASA Technical Memorandum (TM) 104823, Guide for Oxygen Hazard Analyses on Components and Systems.

Note:  The above language is from NASA-STD-(I)-6016.  The final version of NASA-STD-6016 moves the hazard analysis to the child standard, NASA-STD-(I)-6001B, renames it “oxygen compatibility analysis” and updates the evaluation methodology from NASA TM 104823 to NASA/TM-2007-213740.  
	Modified:  When a material in an oxygen system is determined to be flammable by the above tests, an oxygen compatibility analysis shall be conducted and the system safety rationale shall be documented in an MUA.  The compatibility analysis shall clearly state the level of failure tolerance considered and what level of risk is considered acceptable and thereby needing no mitigation. The compatibility analysis shall use the evaluation methodology described in NASA/TM-2007-213740, Guide for Oxygen Compatibility Assessments on Oxygen Components and Systems.

	
	
	When a material in an oxygen system fails either test at its maximum use condition and the hazard analysis shows the risk is above an acceptable level, then configurational testing shall be conducted to support the hazard analysis.  The configurational testing shall exercise the ignition mechanism in question using an accepted test method.  The configurational test method and acceptance criteria shall be reviewed and approved as part of the MUA process described in paragraph 4.1.3.
	Y if oxygen systems exist -- otherwise NA

	
	
	The as-built configuration shall be verified against the hazard analysis to assure that mitigation methods identified in the report were incorporated into the final hardware design and build.
	Y if oxygen systems exist -- otherwise NA

	
	
	The need for an oxygen hazard analysis shall be addressed in the Materials & Processes Selection, Control, and Implementation Plan for compressed air systems and systems containing enriched oxygen.  Such systems are inherently less hazardous than systems containing pure oxygen; the hazard increases with oxygen concentration and pressure.
	Modified: The need for an oxygen compatibility assessment shall be addressed for compressed air systems and systems containing enriched oxygen  The hazards of such systems will be evaluated using the normal payload process..

	
	
	Guidelines on the design of safe oxygen systems are contained in ASTM MNL 36, Safe Use of Oxygen and Oxygen Systems: Guidelines for Oxygen System Design, Materials Selection, Operations, Storage, and Transportation; ASTM Standard G88-90, Standard Guide for Designing Systems for Oxygen Service; ASTM G63-99, Standard Guide for Evaluating Nonmetallic Materials for Oxygen Service; and ASTM G94-92, Standard Guide for Evaluating Metals for Oxygen Service.
	NA (not a requirement)

	4.2.1.4.1
	Oxygen Component Acceptance Test 
	Oxygen and enriched air system components that operate at pressures above 265 psia (1.83 MPa) shall undergo oxygen compatibility acceptance testing at maximum design pressure for a minimum of ten cycles to ensure that all oxygen system flight hardware is exposed to oxygen prior to launch.  Components shall be retested if post-test actions (such as rework, repair, or interfacing with hardware having uncontrolled cleanliness) invalidate the acceptance test.
	Y (if oxygen systems exist -- otherwise NA)

	4.2.1.5 
	Electrical Wire Insulation Materials 
	Electrical wire insulation materials shall be evaluated for flammability in accordance with NASA-STD-6001 Test 4.  
	Y

	
	
	Arc tracking shall be evaluated in accordance with NASA-STD-6001 Test 18 or a generally accepted voluntary consensus standard aerospace wiring arc tracking test (such as MIL-STD-2223 method 3007).  Testing is not required for polytetrafluoroethylene (PTFE), PTFE laminate, ethylene tetrafluoroethlyene (ETFE), or silicone-insulated wires since the resistance of these materials to arc tracking has already been established.
	Y

	4.2.2  
	Metals
	MSFC-STD-3029, Guidelines for Selection of Metallic Materials for Stress-Corrosion-Cracking Resistance in Sodium Chloride Environments, shall be used to select metallic materials to control stress corrosion cracking of metallic materials in sea and air environments.  Additional information regarding metallic materials can be found in MAPTIS.

Note:  When released, NASA-STD-6004, Selection of Metallic Materials for Stress Corrosion Cracking Resistance, may be used in place of MSFC-STD-3029.
	Y

	4.2.2.1  
	Aluminum
	Aluminum alloys used in structural applications shall be resistant to general corrosion, pitting, intergranular corrosion, and stress corrosion cracking.  5000-series alloys containing more than 3 percent magnesium shall not be used in applications where the temperature exceeds 150 deg F (66 deg C)   because grain boundary precipitation above this temperature can create stress-corrosion sensitivity. 
	Y

	
	
	Heat treatment of aluminum alloy parts shall meet the requirements of SAE-AMS 2772, Heat Treatment of Aluminum Alloy Raw Materials, SAE-AMS 2770, Heat Treatment of Wrought Aluminum Alloy Parts, or SAE-AMS 2771, Heat Treatment of Aluminum Alloy Castings. When aluminum alloys are solution heat treated, process-control tensile-test coupons to verify the adequacy of the heat treatment process shall be taken from the production part (or from the same material lot and processed identically to the production part).  The requirement for process control coupons shall be specified on the engineering drawing for the part
	Y

	4.2.2.2  
	Steel
	Carbon and low alloy steels heat-treated to strength levels at or above 180 ksi (1240 MPa) UTS are sensitive to stress corrosion and shall not be used without an approved MUA.  Note: Many applications are covered by Category III MUA rationale code 506 (see Appendix B).
	Y

	4.2.2.2.1
	Heat Treatment of Steels 
	Steel parts shall be heat treated to meet the requirements of SAE-AMS-H-6875, Heat Treatment of Steel Raw Materials, or SAE-AMS 2759, Heat Treatment of Steel Parts, General Requirements.  When high-strength steels (>200 ksi (1380 MPa) UTS), tool steels, and maraging steel alloys are heat treated to high strength levels, process-control tensile-test coupons to verify the adequacy of the heat treatment process shall be taken from the production part (or from the same material lot and processed identically to the production part).  The requirement for process control coupons shall be specified on the engineering drawing for the part.  For all other steels (including alloy steels), the adequacy of the heat treatment process shall be verified by hardness measurements.  
	Y

	
	
	When acid cleaning baths or plating processes are used, the part shall be baked in accordance with SAE-AMS 2759/9, Hydrogen Embrittlement Relief (Baking) of Steel Parts, to alleviate potential hydrogen embrittlement problems.
	Y

	4.2.2.2.2
	Drilling and Grinding of High Strength Steel 
	The drilling of holes, including beveling and spot facing, in martensitic steel hardened to 180 ksi (1340 MPa) UTS or above, shall be avoided.  When such drilling, machining, reaming, or grinding is unavoidable, carbide-tipped tooling and other techniques necessary to avoid formation of untempered martensite shall be used.  Micro-hardness and metallurgical examination of test specimens typical of the part shall be used to verify that martensite areas have not been formed as a result of drilling or grinding operations, or temper etch actual hardware in lieu of destructive test.  The surface roughness of finished holes shall not be greater than 63 roughness-height-ratio, and the edges of the holes shall be deburred by a method which has been demonstrated not to cause untempered martensite.
	Y

	4.2.2.2.3
	Corrosion Resistant Steel
	Unstabilized, austenitic steels shall not be used above 700 deg F (371 deg C).  Welded assemblies shall be solution heat-treated and quenched after welding except for the stabilized or low carbon grades such as 321, 347, 316L, and 304L.  Service-related corrosion issues are common for free-machining alloys such as 303, and these alloys shall not be used in applications where they can get wet.
	Y

	4.2.2.3  
	Titanium
	
	Y (Heading only)

	4.2.2.3.1 
	Heat Treatment
	Heat treatment of titanium and titanium alloy parts shall meet the requirements of SAE-AMS-H-81200, Heat Treatment of Titanium and Titanium Alloys.  When titanium alloys are heat treated, process-control tensile-test coupons to verify the adequacy of the heat treatment process shall be taken from the production part (or from the same material lot and processed identically to the production part).  The requirement for process control coupons shall be specified on the engineering drawing for the part.   
	Y

	4.2.2.3.2
	Titanium Contamination
	All cleaning fluids and other chemicals used during manufacturing and processing of titanium hardware shall be verified to be compatible and not detrimental to performance before use.  Hydrochloric acid, chlorinated solvents, chlorinated cutting fluids, fluorinated hydrocarbons, and anhydrous methyl alcohol can all produce stress corrosion cracking.  Mercury, cadmium, silver, and gold have been shown to cause liquid-metal-induced embrittlement and/or solid-metal-induced embrittlement in titanium and its alloys.  Liquid-metal-induced embrittlement of titanium alloys by cadmium can occur as low as 300 deg F (149 deg C), and solid- metal-induced embrittlement of titanium alloys by cadmium can occur as low as room temperature.  
	Y

	
	
	The surfaces of titanium and titanium alloy mill products shall be 100 percent machined, chemically milled, or pickled to a sufficient depth to remove all contaminated zones and layers formed while the material was at elevated temperature.  This includes contamination as a result of mill processing, heat treating, and elevated temperature forming operations. 
	Y

	4.2.2.3.3
	Titanium Wear
	Titanium and its alloys exhibit very poor resistance to wear.  Fretting that occurs at interfaces with titanium and its alloys have often contributed to crack initiation, especially fatigue initiation.  The preferred policy is a design that avoids fretting and/or wear with titanium and its alloys.  If fretting and/or wear is unavoidable, the subject region shall be anodized per SAE-AMS 2488, Anodic Treatment – Titanium and Titanium Alloys Solution, pH 13 or Higher, or hard coated utilizing a wear-resistance material such as tungsten carbide/cobalt thermal spray.  
	Y

	4.2.2.3.4
	Titanium Welding
	Titanium and its alloys shall be welded with alloy-matching fillers or autogenously.  Extra Low Interstitial (ELI) filler wires shall be used for cryogenic applications and are preferred for general applications.  Commercially Pure (CP) titanium filler shall not be used on 6-4 titanium or other alloyed base material; hydride formation can occur in the weld, which can produce a brittle, catastrophic failure.
	Y

	
	
	A great deal of care needs to be exercised to ensure complete inert gas (argon or helium) coverage during welding.  Nitrogen, hydrogen, carbon dioxide, and mixtures containing these gases shall not be used in welding titanium and its alloys.  The inert gas shall have a dew point of -76 deg F (-60 deg C) or lower.  
	Y

	
	
	Welded alpha and alpha plus beta alloys shall be stress relieved in a vacuum or inert gas environment (Ar or He).  Beta alloys that are welded shall be evaluated on a case-by-case basis with respect to stress relief.  
	Y

	4.2.2.3.5
	Titanium Flammability
	Titanium alloys shall not be used with Liquid Oxygen (LOX) or Gaseous Oxygen (GOX) at any pressure or with air at oxygen partial pressures above 5 psia (35 kPa).  Titanium alloys shall not be machined inside spacecraft modules during ground processing or in flight, because machining operations can ignite titanium turnings and cause fire.
	Modified if oxygen systems exist -- otherwise NA:  Titanium alloys shall not be used with LOX or GOX at any pressure or with air at oxygen partial pressures above 5 psia (35 kPa).  

	4.2.2.4
	Magnesium
	Magnesium alloys shall not be used except in areas where minimal exposure to corrosive environments can be expected and protection systems can be maintained with ease and high reliability.  Magnesium alloys shall not be used in primary structure or in other areas subject to wear, abuse, foreign object damage, abrasion, erosion, or at any location where fluid or moisture entrapment is possible.  Magnesium alloys shall not be machined inside spacecraft modules during ground processing or in flight, because machining operations can ignite magnesium turnings and cause fire.
	Modified:  Magnesium alloys shall not be used except in areas where minimal exposure to corrosive environments can be expected and protection systems can be maintained with ease and high reliability.  Magnesium alloys shall not be used in primary structure or in other areas subject to wear, abuse, foreign object damage, abrasion, erosion, or at any location where fluid or moisture entrapment is possible.

	4.2.2.5
	Beryllium
	Beryllium shall not be used for primary structural applications.  Beryllium is allowed as an alloying constituent up to 4 percent by weight.  Beryllium alloys containing more than 4 percent beryllium by weight shall not be used for any application within spacecraft crew compartments unless suitably protected to prevent erosion or formation of salts or oxides.  Design of beryllium parts shall include consideration of its low impact resistance and notch sensitivity, particularly at low temperatures, and its directional material properties (anisotropy) and sensitivity to surface finish requirements.  All beryllium parts shall be processed to assure complete removal of the damaged layer (twins and microcracks) produced by surface-metal-working operations such as machining and grinding.  Chemical/milling and etching are recognized successful processes.  Beryllium alloys and oxides of beryllium shall not be machined inside spacecraft crew compartments at any stage of manufacturing, assembly, testing, modification, or operation.  
	Y

	
	
	All beryllium parts shall be penetrant inspected for crack-like flaws with a high-sensitivity fluorescent penetrant in accordance with section 4.2.5.
	Y

	4.2.2.6
	Cadmium
	Cadmium shall not be used in crew environments.  Cadmium shall not be used in vacuum environments at temperatures exceeding 212 deg F (100 deg C).  Cadmium-plated tools shall not be used in the manufacture of flight hardware.   
	Y

	4.2.2.7
	Zinc
	Zinc shall not be used in vacuum environments where the temperature/pressure environment could cause contamination of optical surfaces or electrical devices.  Due to zinc’s ability to grow whiskers, zinc plating shall not be used.
	Y

	4.2.2.8
	Mercury
	Owing to its potential for causing liquid metal embrittlement, equipment containing mercury shall not be used where the mercury could come in contact with the spacecraft or spaceflight equipment during manufacturing, assembly, test, checkout, and flight.  Flight hardware (including fluorescent lamps) containing mercury shall have three levels of containment to prevent mercury leakage.  The bulbs of non-flight lamps containing mercury, such as those used in hardware ground processing and fluorescent penetrant inspection of flight parts, shall be protected by a non-shatterable, leak-proof outer container. 
	Y

	4.2.2.9
	Refractory Metals
	Since engineering data on refractory alloys (alloys with a melting point above 3600 deg F (2000 deg C), plus osmium and iridium) are limited, especially under extreme environmental conditions of spacecraft, an MUA is required for all applications of such alloys.  Appropriate tests shall be performed to characterize the material for the intended application and the data documented in the MUA.  
	Y

	4.2.2.10
	Superalloys (Nickel-Based and Cobalt-Based) 
	High nickel content alloys are susceptible to sulfur embrittlement; therefore, any foreign material which could contain sulfur, such as oils, grease, and cutting lubricants, shall be removed by suitable means prior to heat treatment, welding, or high temperature service.  Some of the precipitation-hardening superalloys are susceptible to alloying element depletion at the surface in a high temperature, oxidizing environment.  This effect shall be carefully evaluated when a thin sheet is used, since a slight amount of depletion could involve a considerable proportion of the effective cross section of the material. 
	Y

	4.2.2.10.1
	Heat Treatment of Nickel- and Cobalt-Based Alloys
	Heat treatment of nickel- and cobalt-based alloy parts shall meet the requirements of SAE-AMS 2774, Heat Treatment, Wrought Nickel Alloy and Cobalt Alloy Parts.  When nickel- and cobalt-based alloys are work strengthened before age hardening, resulting in age-hardened tensile strengths greater than 150 ksi (1030 MPa) UTS, process-control tensile-test coupons to verify the adequacy of the heat treatment process shall be taken from the production part (or from the same material lot and processed identically to the production part).  The requirement for process control coupons shall be specified on the engineering drawing for the part.  When tensile test coupons are not required, the adequacy of the heat treatment process shall be verified by hardness measurements.   
	Y

	4.2.2.11
	Tin
	Tin and tin plating shall not be used in any applications unless the tin is alloyed with at least 3 percent lead to prevent tin whisker growth.  The presence of at least 3 percent lead shall be verified by lot sampling.
	Y

	4.2.3
	Nonmetallic Materials 
	
	Y (Heading only)

	4.2.3.1
	Elastomeric Materials
	Elastomeric materials shall be selected to operate within design parameters for the life of the vehicle after a storage time of 5 years. Elastomeric materials shall be cure dated for tracking purposes.  Room Temperature Vulcanizing (RTV) silicones which liberate acetic acid during cure shall not be used since they can cause corrosion.  When rubbers or elastomers are used at low temperatures, the ability of these materials to maintain and provide required elastomeric properties shall be verified.  Natural rubber materials shall not be used.
	Y

	4.2.3.2
	Polyvinylchloride
	Use of polyvinylchloride on flight hardware shall be limited to applications in pressurized areas where temperatures do not exceed 120 deg F (49 deg C).  Polyvinylchloride shall not be used in a vacuum.
	Y

	4.2.3.3
	Composite Materials
	Materials used in composite structures shall be developed and qualified in accordance with the guidelines in MIL-HDBK-17.  Material property design allowables for composites shall be developed using the methodology described in MIL-HDBK-17.  Defects resulting from the manufacturing process shall be assessed through the proper application of nondestructive inspection (NDI) techniques.
	Y

	4.2.3.4
	Lubricants
	NASA-TM-86556, Lubrication Handbook For the Space Industry, Part A:  Solid Lubricants, Part B:  Liquid Lubricants, shall be used in the evaluation and selection of lubricants for space flight systems and components.  Lubricants are not restricted to those listed in NASA-TM-86556; guidelines on additional lubricants are contained in NASA/CR-2005-213424, Lubrication for Space Applications.  Long life performance shall be considered in lubricant selection.  Lubricants containing chloro-fluoro components shall not be used with aluminum or magnesium if shear stresses can be imposed.  Hardware with lubricants containing chloro-fluoro components shall not be heated above the maximum rated temperature of the lubricant, because decomposition/ reaction products can attack metallic materials.
	Y

	4.2.3.5
	Limited-Life Items
	All materials shall be selected to meet the useful life (to include storage life, installed life in a non-operating mode, and operational service life) of the hardware with no maintenance.  Materials which are not expected to meet the design life requirements but must be used for functional reasons shall be identified as limited-life items, requiring maintainability. 
	Y

	4.2.3.6
	Thermal Vacuum Stability
	Nonmetallic materials which are exposed to space vacuum shall be tested using the technique of ASTM-E595, Total Mass Loss and Collected Volatile Condensable Materials From Outgassing in a Vacuum Environment, Test Method for, with acceptance criteria of ≤0.1 percent collected volatile condensable materials (CVCM) and ≤1.0 percent total mass loss (TML).  A TML greater than 1.0 percent is permitted if this mass loss has no effect on the functionality of the material itself and no effect on the functionality of any materials, components, or systems that could be adversely affected by the subject mass loss.  Materials that are line of sight to contamination-sensitive surfaces on the spacecraft or attached vehicles shall have a ≤0.01 percent CVCM.  Contamination-sensitive surfaces include windows, lenses, star trackers, solar arrays, radiators, and other surfaces with highly controlled optical properties.
	Modified: Nonmetallic materials which are exposed to space vacuum shall be tested using the technique of ASTM-E595, Total Mass Loss and Collected Volatile Condensable Materials From Outgassing in a Vacuum Environment, Test Method for, with acceptance criteria of ≤0.1 percent collected volatile condensable materials (CVCM) and ≤1.0 percent total mass loss (TML).  A TML greater than 1.0 percent is permitted if this mass loss has no effect on the functionality of the material itself and no effect on the functionality of any materials, components, or systems that could be adversely affected by the subject mass loss.  

Note:  Materials exposed to space vacuum while docked to ISS must also comply with ISS external contamination requirements, which may be more stringent.

	
	
	A hardware item (component, assembly, etc.) containing materials that fail the CVCM requirement and/or having unidentified materials, may be vacuum baked at a temperature of 257 deg F (125 deg C) until the outgassing condensation rate, as measured by a quartz crystal microbalance at 77 deg F (25 deg C), is less than 1 x 10-9 g cm-2 s-1.  The test chamber shall be verified to have a background outgassing condensation rate less than 6 x 10-10 g cm-2 s-1 before hardware exposure and the test pressure shall be less than 5 x 10-5 torr.  When a vacuum-bake temperature of 257 deg F (125 deg C) could damage flight hardware, lower temperatures may be used with an approved MUA.  A hardware functionality bench test shall be performed to reverify performance after baking.
	Y

	4.2.3.7
	External Environment Survivability
	Materials exposed in the spacecraft external environment shall be selected to perform in that environment for their intended life cycle exposure.  The critical properties of the material shall survive exposure to the environments of atomic oxygen, solar ultraviolet (UV) radiation, ionizing radiation, plasma, vacuum, thermal cycling, and contamination.  Critical properties shall survive exposure to applicable planetary environments, such as dust and planetary atmospheres.  Meteoroids and orbital debris shall also be considered in the analysis of long-term degradation. 
	Y

	4.2.3.8
	Fungus Resistance
	Organic materials used in the pressurized environment shall be evaluated for fungus resistance prior to selection and qualification.  Materials which are non-nutrient to fungi shall be used, as identified in MIL-STD-454, General Guidelines for Electronic Equipment, Requirement 4, Fungus-Inert Materials, Table 4-I, Group I, except when one of the following criteria is met:
	Y

	
	
	a. Material has been tested to demonstrate acceptability per MIL-STD-810, Department of Defense Test Method Standard for Environmental Engineering Considerations and Laboratory Tests, Method 508.
	Y

	
	
	b. Materials are used in crew areas, where fungus would be visible and easily removed.
	Y

	
	
	c. Materials are used inside environmentally sealed containers with internal container humidity less than 60 percent relative humidity (RH) at ambient conditions.
	Y

	
	
	d. Materials are used inside electrical boxes where the temperature is always greater than or equal to the ambient cabin temperature.
	Y

	
	
	e. Materials have edge exposure only.
	Y

	
	
	f. Materials are normally stowed with no risk of condensation in stowage locations.
	Y

	
	
	g. Materials are used on noncritical, off-the-shelf electrical/electronic hardware that is stowed and/or used in crew areas.
	Y

	
	
	h. Materials are fluorocarbon polymers (including ETFE) or silicones.
	Y

	
	
	i. Materials are used in crew clothing items.
	NA

	
	
	When fungus-nutrient materials shall be used, they shall be treated to prevent fungus growth. Materials not meeting this requirement shall be identified including any action required such as inspection, maintenance, or replacement periods.  Fungus treatment shall not adversely affect unit performance or service life or constitute a health hazard to higher order life.  Materials so treated shall be protected from environments that would be sufficient to leach out the protective agent.
	Y

	4.2.3.9
	Glycols
	When solutions containing ethylene glycol are used aboard spacecraft which have electrical or electronic circuits containing silver or silver-coated copper, a silver chelating agent such as benzotriazole (BZT) shall be added to the solution to prevent spontaneous ignition from the reaction of silver with ethylene glycol.  When solutions containing other glycols (aliphatic dihydric alcohols) are used in these conditions, testing shall be conducted to determine if the same spontaneous ignition reaction can occur as with ethylene glycol, and a silver chelating agent shall be added to the solution if ignition can occur.
	Y (note that we now know that the same phenomenon occurs with propylene glycol; a properly validated leak-free system is acceptable rationale for not adding a chelating agent, but an MUA is required for documentation)

	4.2.3.10
	Etching Fluorocarbons
	The etching of fluorocarbons shall meet the requirements of SAE-AMS 2491, Surface Treatment of Polytetrafluoroethylene, Preparation for Bonding.  Etched surfaces must be processed within 24 hours or packaged per SAE-AMS 2491.  Etched surfaces packaged per AMS 2491 shall be processed within 1 year.  Electrical wire or cable insulated or coated with fluorocarbons shall be etched prior to potting to ensure mechanical bond strength and environmental seal.  When etching of wire insulation is required to provide satisfactory bonding to potting materials, the open end of the wire shall not be exposed to the etchant.
	Y

	4.2.4
	Processes
	
	Y (Heading only)

	4.2.4.1
	Forging
	Because mechanical properties are optimum in the direction of material flow during forging, forging techniques shall be used that produce an internal grain-flow pattern such that the direction of flow is essentially parallel to the principal stresses.  The forging pattern shall be essentially free from re-entrant and sharply folded flow lines. After the forging technique, including degree of working, is established, the first production forging shall be sectioned to show the grain-flow patterns and to determine mechanical properties at control areas.  The procedure shall be repeated after any change in the forging technique.  The information gained from this effort shall be utilized to redesign the forging as necessary.  These data and results of tests on the redesign shall be retained and be made available for review by the procuring activity.  
	Modified:  Because mechanical properties are optimum in the direction of material flow during forging, forging techniques should be used that produce an internal grain-flow pattern such that the direction of flow is essentially parallel to the principal stresses.  The forging pattern shall be essentially free from re-entrant and sharply folded flow lines. After the forging technique, including degree of working, is established, the first production forging shall be sectioned to show the grain-flow patterns and to determine mechanical properties at control areas.  The procedure shall be repeated after any change in the forging technique.  The information gained from this effort shall be utilized to redesign the forging as necessary.  These data and results of tests on the redesign shall be retained and be made available for review by the procuring activity.

	
	
	Where forgings are used in critical applications first-article (preproduction) approval is obtained from the procuring authority; first-article approval and the controls to be exercised in producing subsequent production forgings shall be in accordance with SAE AMS 2375, Control of Forgings Requiring First Article Approval.  In addition, trim ring or protrusion specimens shall be obtained for each forging and shall be tested for required minimum mechanical properties; surface and volumetric nondestructive inspection shall also be performed.
	Y

	4.2.4.2
	Castings 
	Castings shall meet the requirements of SAE-AMS-2175, Castings, Classification and Inspection of. 
	Y

	4.2.4.3
	Adhesive Bonding
	Structural adhesive bonding shall meet MSFC-SPEC-445A, Adhesive Bonding, Process, and Inspection, Requirements for.  Retesting of adhesives used for production parts is not required if they are within shelf life.  The sensitivity of structural adhesive bonds to contamination is of particular concern.  Structural adhesive bonding processes shall be controlled to prevent contamination that would cause structural failure which could affect the safety of the mission, crew, or vehicle or affect mission success.  Bond sensitivity studies shall be conducted to verify the required adhesive properties are maintained after exposure to potential contaminant species and concentrations.  Adequate in-process cleanliness inspections shall be conducted as part of the bonding process.  Bonded primary structural joints shall demonstrate cohesive failure modes in shear.
	Y

	4.2.4.4
	Welding
	The design selection of parent materials and weld methods shall be based on consideration of the weldments, including adjacent heat-affected zones, as they affect operational capability of the parts concerned.  Welding procedures shall be selected to provide the required weld quality, minimum weld energy input, and protection of the heated metal from contamination.  The suitability of the equipment, processes, welding supplies, and supplementary treatments selected shall be demonstrated through qualification testing of welded specimens representing the materials and joint configuration of production parts. 
	Y

	
	
	The processing and quality assurance requirements for manual, automatic, and semiautomatic fusion welding for space flight applications shall meet the requirements of NASA-STD-5006, General Fusion Welding Requirements for Aerospace Materials Used in Flight Hardware.  

These welding processes include, but are not limited to, arc welding, solid state welding, resistance welding, and high energy density welding.  
	Modified:  The processing and quality assurance requirements for manual, automatic, and semiautomatic fusion welding for space flight applications shall meet the requirements of NASA-STD-5006, General Fusion Welding Requirements for Aerospace Materials Used in Flight Hardware.

	4.2.4.5
	Brazing
	Brazing shall be conducted in accordance with AWS C-3.3, Design, Manufacture, and Inspection of Critical Brazed Components, Recommended Practices for.  Brazing of aluminum alloys shall meet the requirements of AWS C-3.7, Aluminum Brazing. Torch, induction, and furnace brazing shall meet the requirements of AWS C-3.4, AWS C-3.5, and AWS C-3.6, respectively.  Subsequent fusion-welding operations in the vicinity of brazed joints or other operations involving high temperatures which might affect the brazed joint shall be prohibited unless it can be demonstrated that the fixturing, processes, methods, and/or procedures employed will preclude degradation of the braze joint.  
	Y

	
	
	Brazed joints shall be designed for shear loading and shall not be relied upon for strength in axial loading for structural parts.  The shear strength of brazed joints shall be evaluated in accordance with AWS C3.2, Standard Method for Evaluating the Strength of Brazed Joints. 

For furnace brazing of complex configurations, such as heat exchangers and cold plates, destructive testing shall be conducted on pre-production brazed joints to verify that the braze layer that extends beyond the fillet area is continuous and forms a uniform phase.
	Modified (delete second paragraph):  Brazed joints shall be designed for shear loading and shall not be relied upon for strength in axial loading for structural parts.  The shear strength of brazed joints shall be evaluated in accordance with AWS C3.2, Standard Method for Evaluating the Strength of Brazed Joints.

	4.2.4.6
	Structural Soldering
	Soldering shall not be used for structural applications. 
	Y

	4.2.4.7
	Electrical Discharge Machining and Laser Machining
	The electrical discharge machining (EDM) and laser machining (LM) processes shall be controlled to limit the depth of the oxide layer, the recast layer, and the heat-affected zone.  The oxide layer shall be removed from the surface.  In addition, the recast layer and the heat-affected zone shall be removed from bearing, wear, fatigue or fracture-critical surfaces, and from crack- or notch-sensitive materials.  The recast layer and heat-affected zone may be left on a part if an engineering evaluation shows that they are not of consequence to the required performance of the part.  EDM/LM schedules shall be qualified to determine the maximum thickness of the affected layers when the depth of the affected material must be known for removal or analysis.
	Y

	4.2.5
	Material Nondestructive Inspection
	
	Y (Heading only)

	4.2.5.1
	Nondestructive Evaluation (NDE) Plan
	The NDE Plan shall address the process for establishment, implementation, execution, and control of NDE through design, manufacturing, operations, and maintenance of flight hardware. The plan shall meet the intent of MIL-HDBK-6870A, Inspection Program Requirements, Nondestructive for Aircraft and Missile Materials and Parts and the requirements of NASA-STD-(I)-5009, Nondestructive Evaluation Requirements for Fracture Critical Metallic Components.  In case of conflict between the requirements of the two standards, the requirements of NASA-STD-(I)-5009 are applicable. Qualification and certification of personnel involved in nondestructive testing shall comply with NAS 410, NAS Certification & Qualification of Nondestructive Test Personnel.
	Modified: Required NDE shall meet the intent of MIL-HDBK-6870A, Inspection Program Requirements, Nondestructive for Aircraft and Missile Materials and Parts and the requirements of NASA-STD-(I)--5009, Nondestructive Evaluation Requirements for Fracture Critical Metallic Components.  In case of conflict between the requirements of the two standards, the requirements of NASA-STD-(I)--5009 are applicable. Qualification and certification of personnel involved in nondestructive testing shall comply with NAS 410, NAS Certification & Qualification of Nondestructive Test Personnel.

	4.2.5.2
	NDE Etching
	All metallic fracture-critical parts shall be NDE etched prior to dye penetrant inspection.  
(Note:  All machined or otherwise mechanically disturbed surfaces which are to be penetrant inspected must be adequately etched to assure removal of smeared, masking material prior to penetrant application on fracture-critical parts.) 
	Y

	4.2.5.3
	Nickel Plating
	a. Electrodeposited nickel plating shall be applied according to the requirements of SAE-AMS 2403 (general purpose nickel plating) or SAE-AMS 2423 (nickel hard coat).

b. Electroless nickel plate shall be applied per SAE-AMS 2404.  

c. The nickel-aluminum interface in nickel-plated aluminum shall be protected from exposure to corrosive environments. 

Nickel and aluminum form a strong galvanic cell at the nickel-aluminum interface, and exposure of the aluminum alloy to a corrosive environment can produce rapid disbonding of the nickel plate.  
	Y

	4.2.6
	Special Materials Requirements 
	
	Y (Heading only)

	4.2.6.1
	Residual Stresses
	Residual tensile stresses are induced into manufactured parts as a result of forging, machining, heat treating, welding, special metal-removal processes, or the straightening of warped parts.  Residual stresses may be harmful in structural applications when the part is subjected to fatigue loading, operation stresses, or corrosive environments.  

a. Residual stresses shall be controlled or minimized during the fabrication sequence by special treatments such as annealing and stress relieving.  

b. When residual stresses do remain in structural or stress-corrosion-sensitive hardware, they shall be accounted for in structural analyses and corrosion/stress-corrosion assessments.  

Residual stresses should be quantified by an appropriate technique (such as x-ray diffraction).

c. The use of stress equalization in concert with the straightening of warped parts shall require an approved MUA.  


	Modified:  Residual tensile stresses are induced into manufactured parts as a result of forging, heat treating, welding, special metal-removal processes, or the straightening of warped parts.  Stress equalization is a low-temperature heat treatment used to balance stresses in cold-worked material without an appreciable decrease in the mechanical strength produced by cold working.  Residual stresses may be harmful in structural applications when the part is subjected to fatigue loading, operation stresses, or corrosive environments.  Residual stresses shall be controlled or minimized during the fabrication sequence by special treatments such as annealing and stress relieving.  The use of stress equalization and the straightening of warped parts shall require an approved MUA. 

Note:  Minor bending and forming of stainless steel and titanium tubing is exempt from this requirement.

	4.2.6.2
	Sandwich Assemblies
	Sandwich assemblies shall be designed to prevent the entrance and entrapment of water vapor or other contaminants into the core structure.  Honeycomb sandwich assemblies that will be subjected to heating shall use a metallic or glass-reinforced core to minimize the absorption of moisture.  Perforated and moisture-absorbing cores shall not be used in sandwich assemblies.  Test methods for sandwich constructions and core materials shall meet the requirements of SAE-AMS-STD-401, Sandwich Constructions and Core Materials:  General Test Methods.
	Modified:  Sandwich assemblies shall be designed to prevent the entrance and entrapment of water vapor or other contaminants into the core structure.  Honeycomb sandwich assemblies that will be subjected to heating shall use a metallic or glass-reinforced core to minimize the absorption of moisture.  Sandwich assemblies can utilize perforated and moisture-absorbing cores provided they are protected during assembly and prelaunch activities.  Test methods for sandwich constructions and core materials shall meet the requirements of SAE-AMS-STD-401, Sandwich Constructions and Core Materials:  General Test Methods.

	4.2.6.3
	Corrosion Prevention and Control
	All parts, assemblies, and equipment, including spares, shall be finished to provide protection from corrosion in accordance with the requirements of MSFC-SPEC-250, Protective Finishes for Space Vehicle Structures and Associated Flight Equipment, General Specification for.  Corrosion control of galvanic couples shall be in accordance with MIL-STD-889, Dissimilar Metals. Galvanic couples for alloy combinations not listed in MIL-STD-889 shall not exceed 0.25 volts.  
	Y

	
	
	The following additional requirements shall be implemented for manned spacecraft hardware:
	NA

	
	
	a. Faying surfaces of metal alloys shall be sealed for Class I, II, & III protective finish classes.
	NA

	
	
	b. All contacts between graphite-based composites and metallic materials shall be treated as dissimilar metal couples and sealed per MSFC-SPEC-250.
	NA

	
	
	c. All electrical bonding connections shall be faying-surface sealed, except for nickel- plated surfaces utilized in Class III applications.
	Y

	
	
	For hardware in the mild corrosive environment of standard habitable spacecraft volumes where condensation is precluded, the following changes may be made:
	Y

	
	
	d. Exposed aluminum surfaces may have anodic coatings instead of organic coatings specified in MSFC-SPEC-250.
	Y

	
	
	e. Conversion coatings may be used as the sole corrosion protection for 5000 and 6000 series corrosion-resistant aluminum alloys.  They are not acceptable as the sole corrosion protection for 2000 and 7000 series aluminum alloys.
	Y

	
	
	For manned spacecraft hardware, corrosion prevention and control techniques shall be implemented to protect the hardware from corrosion as a result of exposure to manufacturing, storage, installation, and service environments.  These techniques shall include the rigorous application of engineering design and analysis, quality assurance, nondestructive inspection, manufacturing, operations, and support technologies used to prevent the initiation of corrosion, avoid functional impairment due to corrosion, and provide processes for the tracking and repair of corrosion.  Specific corrosion prevention and control techniques shall be defined in the Materials and Processes Selection, Control, and Implementation Plan. 
	Modified: For manned spacecraft hardware, corrosion prevention and control techniques shall be implemented to protect the hardware from corrosion as a result of exposure to manufacturing, storage, installation, and service environments.  These techniques shall include the rigorous application of engineering design and analysis, quality assurance, nondestructive inspection, manufacturing, operations, and support technologies used to prevent the initiation of corrosion, avoid functional impairment due to corrosion, and provide processes for the tracking and repair of corrosion.  

	4.2.6.3.1
	Passivation
	Corrosion-resistant steels shall be passivated after machining.
	Y

	4.2.6.3.2
	Sealing
	Removable panels and access doors in exterior or interior corrosive environments shall be sealed either by mechanical seals or by separable, faying-surface sealing. 
	Y

	4.2.6.4  
	Hydrogen Embrittlement 
	When designing liquid or gaseous hydrogen systems, the degradation of metallic materials properties by hydrogen embrittlement shall be addressed in the Materials & Processes Selection, Control, and Implementation Plan.  Overall, hydrogen embrittlement of materials is not very well understood and there are only limited materials property data generated and reported in MAPTIS.  An MUA shall be written rationalizing the selection of metallic materials to preclude cracking and to ensure system reliability and safety.  Test data may have to be generated in a simulated environment to support the rationale. Guidelines for the design of safe hydrogen systems are contained in ANSI/AIAA G-095-2004, Guide to Safety of Hydrogen and Hydrogen Systems.
	Modified: When designing liquid or gaseous hydrogen systems, the degradation of metallic materials properties by hydrogen embrittlement shall be addressed. Hydrogen embrittlement of materials is not very well understood and there are only limited materials property data generated and reported in MAPTIS.  An MUA shall be written rationalizing the selection of metallic materials to preclude cracking and to ensure system reliability and safety.  Test data may have to be generated in a simulated environment to support the rationale. Guidelines for the design of safe hydrogen systems are contained in ANSI/AIAA G-095-2004, Guide to Safety of Hydrogen and Hydrogen Systems.

Note: NA if no Hydrogen Systems).

	
	
	Hydrogen embrittlement of metallic materials can also be caused by electrochemical processes or exposure to acids or bases during manufacturing or processing.  Such processes shall be controlled to prevent hydrogen embrittlement or embrittlement relief treatment shall be performed promptly after processing (see section 4.2.2.2.1).
	Y

	4.2.6.5
	Fastener Installation
	Self-locking fastener reuse shall be allowed when the running torque prior to clamp up remains between the maximum self-locking torque and the minimum breakaway torque.  Wet installation of fasteners, using a corrosion-resistant sealant and installing the fastener while the sealant is still wet, is required in aqueous corrosive environments and applications where condensation can occur.  Fastener management and control policy, responsibilities, and practices for structural fasteners, fracture-critical fasteners, and safety-critical fasteners that are procured, received, tested, inventoried, or installed for space flight shall meet the requirements of NASA-STD-(I)-6008, NASA Fastener Management and Control Practices.  The installation of titanium fasteners and associated parts shall meet the requirements of MSFC-STD-557, Threaded Fasteners, 6Al-4V Titanium Alloy, Usage Criteria for Spacecraft Applications. 
	Modified:  NASA-STD-6008 shall be used in place of NASA-STD-(I)-6008

	4.2.6.5.1
	Liquid Locking Compound
	Liquid locking compounds shall not be used as secondary locking features on safety-critical fasteners.  Liquid locking compounds used as a secondary locking feature in non-safety-critical applications shall require a validated process specified on the engineering drawing.
	Y

	4.2.6.5.2
	Silver-Plated Fasteners 
	Silver reacts rapidly with atomic oxygen to generate a loose, friable, black oxide that can cause contamination and affect the operation of mechanisms.  Silver-plated fasteners shall not be used in external applications where the silver plating is directly exposed to atomic oxygen.
	Modified:  Silver reacts rapidly with atomic oxygen to generate a loose, friable, black oxide that can cause contamination and affect the operation of mechanisms.  Silver-plated fasteners shall not be used in external applications where the silver plating is in a crew EVA translation path and directly exposed to atomic oxygen.

	4.2.6.6
	Contamination Control 
	A contamination control plan shall be generated in accordance with the guidelines of ASTM E1548, Standard Practice for Preparation of Aerospace Contamination Control Plans.  The plan shall include controls on contamination-sensitive manufacturing processes such as adhesive bonding, controls on packaging for shipment and storage, and a foreign-object-debris (FOD) prevention program.
	NA


The FOD prevention program shall be established for all ground operations of mechanical and electrical systems of flight hardware including the design, development, manufacturing, assembly, repair, processing, testing, maintenance, operation, and check out of the equipment to ensure the highest practical level of cleanliness.  It shall conform to NAS 412, Foreign Object Damage/ Foreign Object Debris (FOD) Prevention. 

	
	Modified:  The FOD prevention program shall be established for all ground operations of the cargo module and all mechanical and electrical systems of flight hardware that are activated during ISS docking and other proximity operations including the design, development, manufacturing, assembly, repair, processing, testing, maintenance, operation, and check out of the equipment to ensure the highest practical level of cleanliness.  It shall conform to NAS 412, Foreign Object Damage/ Foreign Object Debris (FOD) Prevention.

	
	
	Cleanliness levels for all hardware shall be identified on the engineering drawings.
	Y

	4.2.6.7
	Packaging
	Packaging shall protect hardware from corrosion and contamination during shipping and storage.  
	NA

	4.3
	Verification
	Verification of compliance with the requirements of this document shall consist of the following steps as a minimum:
	

	
	
	a. NASA approval of the contractor Materials and Processes Selection, Implementation, and Control Plan and other applicable materials data requirements documents such as the Contamination Control Plan and NDE Plan
	NA

	
	
	b. Contractor M&P signature on engineering drawings to verify compliance with the requirements of this document or the Materials and Processes Selection, Implementation, and Control Plan
	Modified Add: Contractor M&P delivery to NASA of Contractor materials and processes assessment summary verifying compliance with the requirements of this document 

	
	
	c. NASA audits of contractor M&P activities relating to hardware design and manufacturing
	Modified: c. NASA audits of contractor M&P activities relating to hardware design, manufacturing, and workmanship standards. As part of these audits, NASA M&P shall be permitted to conduct walkthroughs of Cargo Modules at various stages of assembly to verify proper compliance with flammability, FOD, wire harness routing and protection, corrosion, and other applicable M&P requirements. NASA shall also be permitted to review the Workmanship standards used to determine if they meet or exceed the NASA Workmanship standards.

	
	
	d. Establishment and operation of the materials and processes control board in accordance with section 4.1.1.5 of this standard 
	NA

	
	
	e. NASA approval of MUAs
	Y

	
	
	f. NASA approval of MIULs
	NA


APPENDIX F - TAILORED PYROTECHNIC REQUIREMENTS
JSC 62809 D

Containment of pyro debris for safety only.

The interpretation of the following requirements will be defined on a case-by-case basis.

Paragraphs from JSC 62809 Rev. D:

3.5.6 Tensile Testing of Metallic Parts 

Tensile test data shall be required for component parts that are heat treated after receiving from the mill. Tensile test data shall also be required for component parts that are required to withstand operating pressures or primary structural loads or both. 

A minimum of three standard tensile coupons, in accordance with ASTM E8, Standard Test Methods of Tension Testing of Metallic Materials, shall be processed with the component parts. Before acceptance, the supplier shall conduct tensile tests on each coupon as defined by the procuring agency, or if no specific direction is provided, tensile testing shall be completed in accordance with ASTM E8. 

The following data as a minimum shall be obtained from the test coupons and recorded on the lot acceptance data sheets: 

a. Ultimate Strength 

b. 0.2 percent Offset Yield 

c. Elongation 

Failure to meet the minimum material tensile acceptance criteria shall be cause for rejection of the component parts associated with those test coupons. 

For pyrotechnic device metallic component parts that are not heat treated after machining and are not exposed to operating pressures or primary structural loads, the standard mechanical properties test report delivered with the raw material will suffice, provided all test data required by the material specification are included in the report. 

3.6.6 Retention of Threaded Parts 

All threaded parts shall be positively locked. Liquid locking compounds may be used provided the implementation meets the restrictions in NASA-STD-6016, Standard Materials and Processes Requirements for Spacecraft. 

3.6.8 Insulation Resistance Testing 

Insulation Resistance (IR) test criteria should be established on all electrically initiated pyrotechnic devices. 

3.6.10 Electrical Bonding 

Electrically initiated pyrotechnic devices or those containing primary explosives shall be designed so that electrical resistance between the metal exterior of the device and the next adjoining device or contact surface, if mechanically joined, shall be 2.5 milliohms or less. Reefing line cutters are exempt from this requirement.

3.6.11 Blast Containment 

The output of all pyrotechnic devices, except destruct charges, shall be controlled to pose no hazard to crew, vehicle or mission. 

3.6.12 Locked-Shut Capability 

Pressure actuated devices shall be capable of withstanding internal pressures generated in operation with the movable part restrained in its initial position and without rupture or the release of shrapnel, debris, or hot gases that could compromise crew safety or mission success. Where applicable, this capability shall be demonstrated with redundant charges operating simultaneously. This requirement is not applicable to premature initiation failure modes. Demonstration of this capability shall not be required under either of the following conditions: 

a. If the release of shrapnel, debris, or hot gasses will not jeopardize crew safety or mission success as verified by analysis using credible failure modes. 

b. If a Criticality 1 failure is created when a device fails to function by locking shut as verified by analysis using credible failure modes. 

3.6.13 Design Yield Factor of Safety 

The design yield factor of safety shall be a minimum of 1.1 applied to the limit load. Components shall have adequate strength to withstand limit loads without loss of operational capability for the life of the component. This factor is not applicable to the loads generated by the firing of the pyrotechnic charge. 

3.6.14 Design Ultimate Factor of Safety 

The design ultimate factor of safety shall be a minimum of 1.4 applied to the limit load. Components shall have adequate strength to withstand ultimate loads without failure. The 1.4 factor is not applicable to loads generated by the firing of the pyrotechnic charge.

3.6.16 Propellant Operated Devices 

For propellant operated devices, a separable cartridge assembly is preferred over an integral charge for safety, for ease of installation, for ease of replacement, and to allow flexibility of installation scheduling during prelaunch operations. 

All components exposed to operating pressure shall be capable of withstanding the following:

a. An internal static proof pressure of 1.2 times the maximum operating pressure without permanent deformation or leakage. 

b. An internal pressure of 1.5 times the maximum operating pressure without structural failure (burst). 

3.6.17 Cartridge Torque 

Each cartridge assembly shall be capable of withstanding 1.5 times the specified maximum allowable installation torque without physical damage.

3.6.23 Auto-Ignition 

Explosive materials selected shall not auto ignite when subjected to 50°F (10°C) above the maximum expected thermal exposure for which the device is designed. The device shall be exposed to that temperature for a minimum of one hour. The device is not required to function afterwards.

3.6.25 Maximum Energy Test 

Each pyrotechnically-loaded device shall be capable of performing its function with 115 percent of the maximum allowable charge weight. Other suitable methods, such as adding powder into the firing cavity, may be applied. This requirement shall be satisfied during qualification testing. Devices should not be fabricated specifically to permit 115 percent overload if internal dimensions of the device do not permit overloading. 

Devices that have the sole function of transferring detonation and energy within a pyrotechnic system are exempt from this requirement. This exemption applies to delay fuses and columns, Shielded Mild Detonating Cords (SMDCs), Flexible Confined Detonating Cords (FCDCs), and Confined Detonating Fuse (CDF) assemblies. Pyrotechnic devices required to contain debris shall meet this requirement without structural failure.

4.4.6 Auto-Ignition Test 

Auto-ignition tests shall be performed to a minimum temperature level 50°F (10°C) above the maximum expected temperature of the pyrotechnic device in question. Temperature rise rate of the test article and dwell time at maximum temperature shall be derived from the expected exposure cycles of the pyrotechnic device in question. The device shall be exposed to that temperature for a minimum of one hour.

4.4.8 Maximum Energy Margin Test 

The device shall be functioned in accordance with the requirements of Section 3.6.25. Where multiple explosive components exist within a device, each component shall be uploaded simultaneously. Initiators, primers, delay columns, detonators and any device with the sole function of transferring energy shall not be uploaded to meet this requirement. 

4.4.9 Locked-Shut Test 

A locked-shut firing test, without fragmentation, shall be conducted at nominal pyrotechnic load to demonstrate this capability for pyrotechnic devices. Pressure-actuated devices shall be capable of withstanding internal pressures generated in operation with the movable part restrained in its initial position and without rupture or the release of shrapnel, debris, or hot gases that could compromise crew safety or mission success. Where applicable, this capability shall be demonstrated with redundant charges operating simultaneously. If locked shut damage is of secondary consequence to mission/loss of crew then this capability need not be demonstrated.

4.5.2.5 Proof Pressure of Pressure Cartridges and Propellant Actuated Devices

For pyrotechnic devices that are Criticality 1 or Criticality 2, with that rating based on a fails to operate failure mode, an internal static proof pressure test of 1.2 times the maximum operating pressure shall be performed without permanent deformation or leakage. For pyrotechnic devices that are Criticality 3 an analysis to 1.5 times the maximum operating pressure may be substituted provided it includes 100 percent Non-Destructive Evaluation (NDE) and is reviewed and approved by the cognizant NASA fracture control representative. The maximum operating pressure is defined as the highest measured operating pressure from a minimum of five firings using nominal cartridge load. If the cartridge design, propellant or application make direct pressure measurements impractical or if a measured transient pressure spike establishes an unrealistic proof pressure requirement, an analytically derived proof pressure requirement may be established. This analysis shall be approved by NASA Engineering, NASA Safety and Mission Assurance (S&MA) and the project office at the responsible field center. This requirement shall be demonstrated on all qualification and production hardware.

8.0 ELECTRICAL CIRCUIT REQUIREMENTS

All of section 8 applies.  The requirements in section 8 are mostly covered if the MIL-STD-1576 are already applied.

Appendix g - REQUIRED SUBMITTAL DATA AND SAMPLE FORMS
The results of verification activities shall be documented.  All supporting documentation will be retained and provided by Bigelow upon request.  Data that are required to be submitted will be identified in Table 4.2-1 Verification Matrix.  Data submittals specified herein do not relieve Bigelow from reports required to support program and design reviews.  The three categories of submittal data are defined below, and Table 4.2-1 will identify which category is acceptable to demonstrate compliance with the verification requirement.  Bigelow is required to indicate on each of the following forms the Stage Effectivity (i.e., 5A.1, 6A, 7A, etc.) for each verification closure submittal.

(1)
Certificate of Compliance
A Certificate of Compliance (COC) is a memorandum from Bigelow certifying that the hardware and/or software comply with the applicable ICD requirement.  Multiple ICD requirements may be combined on a single COC.  It should also state that the supporting data will be maintained by Bigelow and provided upon request.  A COC can be used to address analysis, test, inspection, and demonstration verification methods.  An example follows.

(2)
Data Certification

A Data Certification is a memorandum from Bigelow certifying that the requirements identified in Table 4.2-1 Verification Matrix have been met and providing the required summary results.  It should also state that the supporting data will be maintained by Bigelow and provided upon request.  Multiple ICD requirements may be combined on a single Data Certification.  The Data Certification will provide the following information:

· Identification of all ICD requirements being addressed by the Data Certification.

· Statement of fact concerning the completion of the applicable analysis or test.

· Completion date of the analysis or test

· Identification of the report containing the results of the analysis or test (i.e., Title and Number).

· Summary statement including the results of the analysis or test (e.g., margins of safety summary table or an isolation measurement).

An example follows.

(3)
Detailed Data

Detailed analysis and test data per the data required section of Table 4.2-1. An example follows.
Hardware Certificate of Compliance (COC)

I hereby certify compliance with the verification requirements as specified in _______________.  I also certify that the identified as-built hardware, per the current applicable Engineering Configuration List, was manufactured in accordance with the design drawings, parts lists, applicable waivers and deviations.  All supporting data is valid, applicable, and complete.  This data is maintained in our files and will be made available upon request.

Note:  If the verification data can be used across multiple stages (i.e., 5A.1, 6A, 7A, etc.) then identify each applicable state in the Stage Effectivity block shown on this form.

	Payload
	Stage Effectivity
	VRDS
Number
	Method
	Applicable
Document
Rev. Date
	Drawings, Parts Lists, Waivers, Deviations, Procedures, Etc. (Attach correlated list as needed)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


______________________________
Print Name/Signature/Date
Bigelow Responsible Person

Organization

Data Certification

I hereby certify compliance with the verification requirements as specified in _______________.  I also certify that the identified as-built hardware, per the current applicable Engineering Configuration List, was manufactured in accordance with the design drawings, parts lists, applicable waivers and deviations.  All supporting data is valid, applicable, and complete.  This data is maintained in our files and will be made available upon request.

Note:  If the verification data can be used across multiple stages (i.e., 5A.1, 6A, 7A, etc.) then identify each applicable state in the Stage Effectivity block shown on this form.

	Payload
	Stage Effectivity
	VRDS
Number
	Method
	Applicable
Document
Rev. Date
	Summary
(attach sheets as needed)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


______________________________
Print Name/Signature/Date
Bigelow Responsible Person

Organization

VERIFICATION ANALYSIS REPORT

	Payload:
	Stage Effectivity:
	Analyst:
	Configuration analyzed:
	Date:

	1.  Objective of the Analysis:

	2.  Requirements Satisfied:

	3.  Description of Analytical Technique:

	4.  Analysis Input Data (Summary):

	5.  Technical Results:

	6.  Conclusions:

	7.  Signature and Organization:


Note:  If the verification data can be used across multiple stages (i.e., 5A.1, 6A, 7A, etc.) then identify each applicable stage in the Stage Effectivity block on this form.

VERIFICATION TEST REPORT

	Payload:
	Stage Effectivity:
	Test Engineer:
	Test Procedure Used:
	Date:

	1.  Item Tested (Name, Serial Number, Part Number):

	2.  Objectives of the Test:

	3.  Description of Test Setup:

	4.  Test Results Summary:

	5.  Correlation of Test Sequence to Verification Requirements:

	6.  Explanation of all Failures and Corrective Action Taken during the Test:

	7.  Signature and Organization:
	8.  Quality Assurance:


Note:  If the verification data can be used across multiple stages (i.e., 5A.1, 6A, 7A, etc.) then identify each applicable stage in the Stage Effectivity block on this form.
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BEAM Hatch
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BEAM X = 0, Y = 0, Z = 0





BEAM front Bulkhead





BEAM Tunnel
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Remove for BEAM installation





(only prior to BEAM connection)





1.759 / 1.769 Diameter





1.709 / 1.699





2 x Rad .28 Max.





Flat is oriented towards Hatch Opening
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NODE 3 Aft Bulkhead
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NODE 3 Aft Bulkhead
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BEAM Forward bulkhead





ZZZ1 to BEAM Z Datum





YYY1 to


BEAM Y Datum





Connector P/N XYZ





Feed-through shield to be grounded to bulkhead





DIDS


Transceiver





ISS Laptop
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Connector P/N ZYX





YYY2 to 


BEAM Y


Datum





ZZZ2 to BEAM Z Datum
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Transceiver
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BEAM Forward Bulkhead





Connector P/N SSQXYZ





1   2   3   4





1 = Vcc (+5V)


2 = Data –


3 = Data +


4 = Ground





ZZZ to BEAM Z Datum





YYY to BEAM Y Datum





Pin Assignments





Vcc (+5V)





Data -





Data +





Ground
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USB Standard A Plug





USB Standard A Plug





SSQ to USB Adapter Cable





ISS Laptop





Interface Plane
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Connector P/N ZYX





D





Feed-through shield to be grounded to bulkhead





TBD





1.187





TBD





10-32 UNF 82° Flat head Machine Screws, 2 plcs





TBD





TBD





TBD





TBD
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BEAM Forward Bulkhead





SSQ connector feedthrough





To sensors





Pressure





Redundant Pressure





Temperature





Adapter Cable





Flukemeter banana sockets part number XXXX





To ISS


flukemeter
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<TBD-22>








�Has been withdrawn from standards site. Different title. 
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