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FOREWORD

This NASA TechnicalStandards published by the National Aeronautics and Space

Administration (NASA) to provid uniform engineering and technical requirements for

processes, procedures, practices, and methatibave been endorsed as standard for NASA
programs and projects, including requirements for selection, application, and design criteria of an
item.

This NASA Technical $andard is approved for use by NASA Headquarters and NASA Centers
and Facilities and may be cited in contract, program, and other Agency documents as a technical
requirement. It may also apply to the Jet Propulsion Laboratory and othexotors only to the

extent specified or referenced in applicable contracts

This NASA Technical $andard defines the minimum requirementsMaterialsand Processes
(M&P) and provides a general control specification for incorporation in NASA programgproj
hardware procurements and technical programs

Requests for informati on s htipsy/btahdablenasmgdymi tt ed
Requests for changes to this NASA Technical Standard should be sdbraEttdSFC Form
4657, Change Request for a NASA Engineering Standard.

Original Signed By:

AdamWest 5-14-2020

for Ralph R. Roe, Jr. Approval Date
NASA Chief Engineer
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STANDARD MATERIALS AND PROCESSES
REQUIREMEN TS FOR SPACECRAFT

1. SCOPE

This NASA Technical Standand directed towardnaterials angrocesses (M&P) used in the
design fabrication and testing o§pace prograrflight hardwaregor NASA, including but not
limited tocrewed uncrewed robotic, launb vehicle, lander, kspace and surface systerasd
spacecraft program/project hardware elementsspgdcdight hardware is covered by the M&P
requirements of this document, including vendesigned, ofthe-shelf, and vendefurnished
items.

M&P used in interfacingground supporéquipmen{GSB), test equipmenhardware processing
equipmenthardware packagingnd hardware shipmeist covered byhe M&P requirements of
thisNASA Technical Standardnly to the extent required fiwevent damage ta @ontamination
of spacdight hardwarg(see Section.9). M&P used in NASA aircraft and aircraft operations
are notcovered by the M&P requirements of this document

11 Purpose

The purpose of thisSSASA Technical Standand to define the minimum requireents for M&P
and to provide a general control specification for incorporation in NASA program/project
hardware procurements and technical programs

1.2  Applicability
The controls described here are applicable to all NASA spacecraft programs

a. [MPR 1]Programsshallapply these controls to program/project hardware. Programs,
projects, and elements are responsible for flowing requirements down to contractors,
subcontractors, and the lowest compodengl suppliers.

b. [MPR 2] Programs shall be responsilibe demonstrating compliance with these
requiremets.

This NASA Technical Standard is approved for use by NASA Headquarters and G&8ars

and Facilities and may be cited in contract, program, and other Agency documents as a technical
requirement. It ray also apply to the Jet Propulsion Laboratory and other contractors only to the
extent specified or referenced in applicable contracts

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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Verifiablere qui r ement st atements ar e ghalibdegnniegdnh and
section 4; this NASA Tdmical Standard contair® 2 requirementsExplanatory or guidance text is
indicated in italics beginning in section® facilitate requirements selection and verification by
NASA programs and projects, a Requirements Compliance Matrix is provided em&gpA. This
appendix also contains justifications for eaehifiable requirement statement

1.3 Tailoring

a. [MPR 3] Tailoringoft hi s NASA T e c hrequirenzehts irbtheaaterials d 6 s
and Processes Selection, Control, and Implementatiorfétiapecific programs/projecshall
beformally documented as part of program or project requirementardved by the
responsible program/project NASA M&P organization, the responsible project/program, and the
responsible Technical Authority accordace with NPR 7120.5, NASA Space Flight Program
and Project Management RequirementsNPR 7120.8, NASA Research and Technology
Program and Project Management Requiremdimsse requirements may be tailored simply by
constructing a matrix of applicablerpgraphs and paragraphs that are not applicable. Tailoring
also includes using existing or previously developed contractor processes and standards as a
submittal of the various required plans. Otherwise, the tailoring of requirements may be
documented inhte Materials and Processes Selection, Cararal ImplementatioRlanby
providing the degree of conformance and the method of implementation for each requirement
identified here.

b. When a Materials and Processes Selection, CoamdlmplementatiorPlan has
been approved by the responsible program/project as an acceptable means of compliance with
the technical requirements of tiNASA Technical StandardhePlan may be used for the
implementation and verification of M&P requirements on the apgegatmgram/project.

2.  APPLICABLE DOCUMENTS

2.1 General

The documents listed in this section contain provisions that constitute requirements of this
NASA Technical $andard as cited in the text

2.1.1 [MPR 4] The latest issuances of cited documentd sipply unless specific versions are
designated.

2.1.2 [MPR 5] Nortruse of specifically designated versions shall be approved by the responsible
Technical Authority.

The applicable documents are accessibldétps://standards.nasa.goway be obtainedirectly
from the Standards DevelopiBpdy or other document distributqrsr information for
obtaining the document is provided

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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2.2 Government Documents
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The documents in these paragraphs are applicable éxtinat specifiedThe citations below

refer to the sections in this NASA

Technical Standard.

National Aeronautics and Space Administration (NASA)

NPR 7120.5Cited in
section 1.3)

NPR 7120.8Cited in
section 1.3)

NASA-STD-5006A
with Change 1 (2016
(Cited in sectior#.2.4.9

NASA-STD-5009 (20@®)
(Cited insedion 4.2.5.)

NASA-STD-5020(2012)
(Cited in section 4.2.6.6.1)

NASA-STD-6001B (2011)
with Change 2 (206)
(Cited insections4.2.1,
42.1.1,42.1.2,4.2.1.4,
and 4.2.1.%

NASA-STD-6012 (2012)
(Cited insectior4.2.63)

JSC 205842008 (Cited in
section4.2.1.9

JSC 29353 (Cited in
section 4.2.1.1)

Materials and Processes
Technical Information
System (MAPTIS)Cited
in section4.2.12)

NASA Space Flight Program and Project Management
Requirements

NASA Research and Technology Program and Project
Management Requirements

General Welding Requirements for Aerospace Materials

Nondestructive Evaluation Requirements for Fracti¢ical
Metallic Components

Requirements for Threaded Fastening Systems in Spacefligl
Hardware

Flammability, Offgassing, and Compatibility Requirements a
Test Procedures

Corrosion Protectionof Space Flight Hardware
Spacecraft Maximum Allowable Concentrations for Airborne
Contaminants

Flammability Configuration Analysis for Spacecraft
Applications

Materials Selection List for Space Hardware Systems

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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MSFGSPEG445A (1990) Adhesive Bonding, Process and Inspection, Requirements fc
(Cited insection4.2.45)

MSFC-STD-3029A (2005) Guidelines for the Selection of Metallic Materials for Stress
(Cited insectior4.2.2 Corrosion Cracking Resistance in Sodium Chloride
Environments

Department of Defense

MIL -STD-810G (2008), Department of Defense Test Meth&tandard for
with Changel (2014) Environmental Engineering Considerations and Laboratory 1
(Cited insection4.2.3.9

MIL-STD-1252 (1975) Inertia Friction Wéding Process, Procedure aberformance
(Cited insection4.2.46.4)  Qualification

(Inactive for New Design

effective 3/11/1998 but

determined by NASA to be

the best existing standard

for use)

MIL -HDBK-454B (Cited  General Guidlines for Electronic Equipment
in section 4.2.3.8)

MIL -HDBK-687@ (2012) Nondestructivenspection Program Requiremeifbs Aircraft
(Cited insection4.2.5.) ard Missile Materials and Parts

2.3  Non-GovernmentVoluntary Consensus Standards
The citations below refer to the sections in this NASA Technical Standard.
ASTM International (ASTM)

ASTM B68997 (Reapproved Standardspecification for Electroplated Engineering Nick

2013 (Cited insection Coatings
4.2.410)
ASTM B73315(Cited in Standard Specification for Autocatalytic (Electroless)

sections4.2.410and4.2.6.3 Nickel-Phosphorus Coatings on Metal

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.

APPROVED FOR PUBLIC RELEASE —DISTRIBUTION IS UNLIMITED
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ASTM E59515 (Cited in
section4.2.3.9

ASTM E1548(2009 (Cited in
section 4.2.6.7)

Stardard Test Method for Total Mass Loss and Collectec
Volatile Condensabl®aterials from Outgassing in a
Vacuum Environment

Standard Practice for Preparation of Aerospace
Contamination Control Plans

American Welding Society(AWS)

AWS C3.2M/C3.2 (208)
(Cited insection4.2.47)

AWS C3.3 (208) (Cited in
section4.2.47)

AWS C3.4M/C3.4(2016
(Cited insectiord.2.47)

AWS C3.5\/C3.5(2016
(Cited insection4.2.47)

AWS C3.6V/C3.6 (2016)
(Cited insectiord.2.47)

AWS C3.7M/C3.7 (201)
(Cited insection4.2.47)

AWS C7.4/C7.4M(2008)
(Cited insection4.2.46.1)

AWS D17.1/D17.1M2010)
AMD1 (2012)(Cited insection
4.2.46.1)

AWS D17.2/D17.M (2013
(Cited in section 4.2.4.6.2)

AWS D17.3/D17.3M2016
(Cited insection 4.2.4.63)

Standard Method for Evaluating the Strength of Brazed
Joints

Recommended Practices for Design, Manufacture, and
Examinationof Critical Brazed Components

Specification for Torch Brazing

Specification for Induction Brazing

Specification fo Furnace Brazing

Specification for Aluminum Brazing

Process Specification and Operator Qualification for Las
Beam Welding

Specification for Fusion Welding for Aerospace
Applications
Specification foResistance Weldinfpr Aerospace

Applications

Specification for Friction Stir Welding of Aluminum Alloys
for Aerospace Applications

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.

APPROVED FOR PUBLIC RELEASE —DISTRIBUTION IS UNLIMITED

130f 155



NASA-STD-601a8

Battelle Memorial Institute

MMPDS-10 (2015) (Cited in Metallic Materials Properties Development and
section4.18.1, 4.1.8.2, and Standadization (MMPDS)
4.2.4.)

Government Electronicsand Information Technology Association(GEIA) (SAE
International)

GEIA-STD-00051A (2012) Performance Standard for Aerospace and High Perform:
(Cited insection4.2.2.1) Electronic Systems Containing Le&tee Solder

GEIA-STD-00052A (2012) Standard for Mitigating the Effects of Tin Whiskers in
(Cited insection4.2.2.1) Aerospace and High Performance Electr@ystems

National AerospaceStandards (NAS)

NAS 41Q Revision 4(2014) NAS Certification and Qualification of Nondestructive Te
(Cited insectiond.2.5.]) Personnel

NAS 412 Revision 1(2013 Foreign Object Damage/Foreign Object Debris (FOD)
(Cited insection4.2.67) Prevention

SAE International (SAE)

SAEAMS2175A (2010) Castings, Classification and Inspection of
(Cited insection 4.2.43)

SAEAMS2379D (2007, Control of Forgings Requiring First Article Approval
Reaffirmed 2Q2) (Cited in
sectiord.2.42)

SAE AMS2403 (2015) Plating, Nickel General Puogse
(Cited insection4.24.10)

SAE AMS2404G (2013) Plating, Electroless Nickel
(Cited insection4.24.10

and 4.2.6.38

SAE AMS242F (2015) Plating, Nickel Hard Deposit

(Cited insectior4.24.10)

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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SAE AMS2488D (2000,
Reaffirmed 2Q1) (Cited in
section4.2.2.32)

SAE AMS2491F (2015)
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SAE AMS268( (2001
Reaffirmed 2Q0) (Cited in
section4.2.46.1)

SAE AMS275% (2008,
Reaffirmed 2013 (Cited in
sectiord.24.1)

SAE AMS2759/D (2009)
(Cited insectiors 4.26.4)

SAE AMS277(N (2015)
(Cited insectiord.24.1)

SAE AMS2771E (2013)
(Cited insection4.24.1)

SAE AMS27725 (2016)
(Cited insectiord.24.1)

SAE AMS2773E2013)
(Cited insection4.2.4.)

SAE AMS2774 (2016)
(Cited insectiord.24.1)

SAE AMS280B (2003,
Reaffirmed 2014jCited in
section4.24.1 and
4.2.4.6.)

SAE AMS-H-6875 (2010
(Cited in4.24.1)
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Anodic Treatmen- Titanium and Titanium Alloys Solution
pH 13 or Higher

Surface Treatment of Polytetrafluoroethylene, Preparatic
for Bonding

ElectrornBeam Welding for BtigueCritical Applications

Heat Treatment of Steel Parts, General Requirements

Hydrogen Embrittlement Relief (Bakingj Steel Parts

Heat Treatment of Wrought Aluminum Alloy Parts

Heat Treatment of Aluminum Alloy Castings

HeatTreatment of Aluminum Alloy Raw Materials

Heat TreatmentCast Nickel Alloy and Cobalt Alloy Parts

Heat Treatment, Wrought Nickel Alloy and Cobalt Alloy

Parts

Heat Treatment of Titanium Alloy Parts

Heat Treatment of Steel Raw Materials

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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SAE AMS-H-8120MD
(2014) (Cited insectiors
4.24.1and 4.2.46.1)

SAE AMS-STD-401(1999)

(Cited in section 4.2.6.2)

SAE AS2275€ (2014)
(Cited in section 4.2.1.5)

SAE CMH-17:

SAE CMH-17-1G (2012)
(Cited insection4.1.8.1)

SAE CMH17-2G (2012)
(Citedin sectior4.18.1)

SAE CMH-17-3G (2012)
(Cited in sectiort.18.1)

SAE CMH-17-4B (2013)
(Cited in sectior#.18.1)

MIL -HDBK-17-5
(2002) (Reference
section4.18.1)d

(Use until SAE
CMH-17-5is
published, scheduled
in 2017)

SAE CMH-17-6 (2013)
(Cited in sectiort.18.1)
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Heat Treatment of Titanium and Titanium Alloys

Sandwich Constructions and Core Materials: General T
Methods

Wire, Electrical, Fluoroplgmer-Insulated, Copper or
Copper Alloy

Composite Materials Handbook Volume Rolymer Matrix
Composites Guidelines for Characterizatiorstictural
Materials

Composite Materials Handbook Volume Rolymer Matrix
Composites Materials Properties

Composite Materials Handbook Volume Bolymer Matrix
Composites Materials Usage, Design, amalsis

Composite Materials Handbook Volume Metal Matrix
Composits

Composite Materials Habook Volume 5 Ceramic
Matrix Composites

Composite Materials Handbook Volumé &tructural
Sandwich Composites

Refer to Appendix E for References.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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2.4  Order of Precedence

2.4.1 The requirements and stard practices established in this NASA Technical Standard do
not supersede or waive existing requirements and standard practices found in other Agency
documentation.

2.4.2 [MPR 6] Conflict between thilNASA Technical $andard and other requirements
documents shall be resolved by the responsible Technical Authority.

3.  ACRONYMS AND DEFINITIONS

3.1  Acronyms and Abbreviations

/sec Per Second

AlAA American Institute of Aeronautics and Astronautics

AM Additively Manufactured

AMS Aerospace Material Sp#ication

ANSI American National Standards Institute

AS Aerospace Standard

ASTM ASTM International (formerlyAmerican Society for
Testing and Materials)

AWS American Welding Society

BZT Benzotriazole

CCP Contamination Control Plan

CDR Critical Desgn Review

cm Centimeter

CMH Composite Materials Handbook

COTS Commercial OfThe-Shelf

CP Commercially Pure

CR Contractor Report

CVCM Collected Volatile Condensable Materials

°C Degrees Celsius

°F Degreed-ahrenheit

D Dimensional

DMLS Direct Metd Laser Sintering

DOT Department of Transportation

DRD Data Requirements Description

EDM Electrical Discharge Machining

EEE Electrical, Electronic, and Electromechanical

ELI Extra Low Interstitial

ESD ElectrostaticDischarge

ETFE Ethylene Tetrafluarethylene

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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FAA
FEP
FOD
FRR

g
GEIA

GOX
GSE
HDBK
HEE
HRE
IHE

in

JSC
kPa

ksi

Ib

LM

LOX
M&P
MAPTIS
MIL
MIUL
mm
MMPDS

MNL
MPa
MPR
MSFC
MUA
NAS
NASA
NDE
NDI
NDT
NPR
PDF
PDP
PDR
PFA
PH

NASA-STD-601a8

Federal Aviation Administration
Fluorinated Ethylene Propylene
ForeignObjectDamageDebris

Flight Readiness Review

Gram

Government Electronics and Information Technology
Association

Gaseous Oxygen

Ground Spport Equipment

Handbook

Hydrogen Environmental Embrittlement
Hydrogen Reaction Embrittlement
Internal Hydrogen Embrittlement

Inch

Johnson Space Center

Kilopascals

Kilopounds per Square Inch

Pound

LaserMachning

Liquid Oxygen

Materials and Processes

Materials and Processes Technical Information Syste
Military

Materials Identification and Usage List
Millimeter

Metallic Materials Properties Development and
Standardizatio

Manual

Megapascals

Materials and Processes Requirement
Marshall Space Flight Center
Material(s) Usage Agreement

National Aerospace Standard

National Aeronautics and Space Administration
Nondestructive Evaluation
Nondestructive Inspection
Nondestructive Testing

NASA Procedural Requirements
Portable Document Format

Part Development Plans

Preliminary Design Review
Perfluoroalkoxy

Precipitation HardenéHardenable

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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POR Procedureualification Record

PSIA Pounds per Square Inébsolute

PTFE Polytetrafluoroethylene

PVC Polyvinyl Chloride

RH Relative Humidity

RSW Resistance Spot Welding

RTV Room Temperature Vulcanizing (rubber)

SAGBOE Stress Assisted Grain Boundary Oxidation
Embrittlement

SAE SAE International (formerlociety of Automotive
Engineer}

SDR System Definition Review

sec Second

SLM Selective Laser Melting

SMAC Spacecraft Maximum Allowable Concentration

SOW Statement of Work

SPEC Specification

SRR SystemRequirements Review

STD Standard

™ Technical Memorandum

TML Total Mass Loss

UTS Ultimate Tensile Strength

uv Ultraviolet

VCM Volatile Condensabl®&aterials

WPS Welding Procedure Specification
Weld Process Specification

WVR Water Vapor Recovery

3.2 Definitions

Additive Manufacturing Any processdr making a threelimensional bject
from a 3D model or other electronic data source primarily through processes in whi
successive layers of material are deposited under computer control

Catastroplt Hazard Presene of a risk situation that could directly result in a
catastrophic event, which is defined as loss of life, disabling injutgserof a major
national asset

Corrosive EnvironmentSolid, liquid, or gaseous environment that detates
the materials by reaction with the environment. Clean rooms and vacuum are norm
considered noncorrosive.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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Critical Hazard Hazardthatcan result in the potential for severe injury, sever:
occupational illnesor major property/equipmeénamage.

DesignValue The desigrvalueis a statistically determined minimum value of
property most commonly strength properties of materials, design features/elements
components/parts used in the design of a structioe A-basisstrength prperties at
least 99% of the population of strength values is expected to equal or excéaaehis
bound with 95% confidence. Forliasis, 90% of the population of strength values is
expected to equal or excettus lower boundvith 95% confidence For metallic
materials Sbhasis design valuethe statistics defined by MMPDS are the same as for
basis, but the test requirements are less comprehensive. Numbers of lots and test
specimens required to develdesign valuesre defined in applicable stamda. The
terms fimaterial all owables, 0 fAdesign
usedto address the design values used in structural analysis

Fretting Corrosion Occurs when two contacting surfaces under mechanical I
are subjected to repted relative surface motion. Mechanical wear and material tran
at the surfaces can lead to corrosion, metallic debris, and increased contact resiste
to the electrical insulating properties of corrosion products that may build up at the
contactinterfaces.

Mission Critical Haedware Hardware, the failure of which may result in the
inability to retain operational capability for mission continuation if a corrective actiot
not successfully performed.

Nondestructive Evaluation (NDEyondestrutive Testing (NDT) Inspection
techniques which do not cause physical, mechanical, or chemical changes to the p
being inspected or otherwise impair its adequacy for operational service. These
inspection techniques are applied to materials and stradtukerify required integrity
and to detect flaws.

Refractory Alloys Alloys with a melting point abov2000°C (3632°F), plus
osmium and iridium.

SafetyCritical: Term describing any condition, event, operation, process,
equipment, or systemadhcould cause or lead to severe injury, major damage, or mis
failure if performed or built improperly, or allowed to remain uncorrected.

Structural Pertaining tostructure.

Structural Adhesive BondStructural joint using adhesive bonds floe purpose
of transferring structural load between structures.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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Structure All components and assemblies designed to sustain loads or pres
provide stiffness and stability, or provide support or containment.

Structure, Primary That part of alfght vehicle or elemerthatsustains the
significant applied loads and provides main load paths for distributing reactions to
applied loads. Alsahe main structurthatis required to sustain the significant applied
loads, including pressure and therteads, andhat, if it fails, creates a catastrophic
hazard. If a component is small enough and in an environment where no serious tr
imposed if it breaks, then it is not primary structure.

Subcontractar A hardware contractor that reportsadigherevel contractor.

Technical Authority Provides technical checks and balances by assuring tha
safety and mission success, relevant technical standards, engineering work, and si
and reliability analysis products are being conducted pippeaccordance with
established, higheliability processes independent of nontechnical program/project
constraints.

Tin Pest The allotropic transformation of tin that may occur at or below 13,2
wher e tin t rpahnassfeo riphased gregt imsittlbldemiconductor that
occupies about 2@ercengr eat er vol-phasee t han the b

Useful Life: Total life spanincluding storage life, installed life in a nonoperati
mode, and operational service life.

Wetlnstalled Fasteners coved with primer or sealant during installation to
prevent moisture from penetrating the fastener joint and causing corrosion.

Whisker (Metal) A spontaneous growth that may form on surfaces of metals
primarily tin, zing andcadmium. Metal whiskers ma}so detach from the surfaces on
which they form, producing conducti¥OD.

4. REQUIREMENTS

Requirements for materials used in the fabrication and processipaafiight hardware are as
follows:

a. [MPR 7] Materialsshallmeetthe worstcaseusefutlife requirements for the
particular application.

Theusefullife requirements include, baire not limited tq the following:

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.

APPROVED FOR PUBLIC RELEASE —DISTRIBUTION IS UNLIMITED

210f 155



NASA-STD-601a8

(1) Operational temperature limits

(2) Loads

(3) Contamination

(4) Life expectancy

(5) Moisture or other fluid media expasu

(6) Vehiclerelated induce@nd natural space environments.

Experimentabpacdlight hardware and other hardware that do not provide missiotical
functions may have no usefifé requirements, provided that the safety of the crew, the space
vehick, or launch vehicle are not compromised.

Propertiesto be considered in material selection include, but are not limitethéofollowing:

(1) Mechanical properties

(2) Fracture toughness

(3) Flammability and offgassing characteristics
(4) Corrosion

(5) Sress corrosion

(6) Thermal and mechanical fatigue properties
(7) Glasstransition temperature

(8) Coefficient of thermal expansion mismatch
(9) Vacuum outgassing

(10) Fluids compatibility

(11) Microbial resistance

(12) Moisture resistance

(13) Fretting.

(14) Galling.

(15) Susceptibility to electrostatic discharge (ESD).
(16) Susceptibility to contamination.

b. [MPR 8] M&P used in interfacing GSEest equipmenhardware processing
equipmenthardware packagingnd hardware shipmeshallbe controlled to prevent damage to
or contamination opacdight hardware.

The M&P controls in NASASTD-5005(RevisionD or later), Standard for the Design and
Fabrication d Ground Support Equipmerdre acceptable for meeting this requiremiemt
interfacing GSE hardware

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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4.1  General Requirements

4.1.1 Materials and Processes Selection, Control, dimplementation Plan

a. [MPR 9] Each organizatiothatis responsible for the design and fabrication of
spaceflight hardwarshall provide a Materials ad Processe$election, Control, and
Implementation Plan.

The Materials and Processes Selection, Control, and Implementation Plan documents the degree
of conformance and method of implementation for each requirement MABA Technical
Sandardand identifiesapplicable irhouse specifications used to comply with the requirement.

Other documentssuch as contractespecific M&P requirements documents and detailed
requirements compliance matricesin be used to form the basis of khaterials and Procsses
Selection, Control, and Implementation Planovided the content addresses the requirements.

b. [MPR 10]The Materials andProcesses$election, Control, and Implementation Plan
shallalso describe the methodsedl to control compliance with thesgjuirementdy
subcontractors and vendors.

Prime contractors may requira@iscontractors and vendote develop a tailored plan to comply
with NASASTD 6016 or a tailored plan to comply with the prime contractor's plan.
Alternatively, prime contractors rgdlow down a limited subset of (or even no) requirements,
with the prime making up the difference between the subset and materials control plan.
Whichevempproach is selectegrimecontractors areesponsible for ensurinthat hardware
designed and fairated by theirsubcontrators meet the materials control plan or NASAD
6016.

c. [MPR 11]Upon approval by the procuring activithe Materials andProcesses
Selection, Control, and Implementation P&allbecome thé&/1&P implementation document
used for verification

The Materials and Processes Selection, Control, and Implementation Plan should be approved
by the responsible design authority.

Additional requirements omé Materials andProcessesSelection, Control, and Implementation
Plan conten follow in sectiong}.1.1.1 through 4.1.3.

4.1.11  Coordination, Approval, and Tracking

[MPR 12] The Materials andProcesse$Selection, Control, and Implementation Ptdoall
identify the method of coordinating, approving, and tracking all engirgedrawings,

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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engineering orders, and otldcuments that establish or modify materials and/or processes
usage.

4112  Approval Signature

[MPR 13] TheMaterials and Process8glection, Control, and Implementation P&nall
include a requirement thall hardwaredesign drawings and revisiofr spacéight hardware
that provides missicaritical functionscontain @ M&P approval block, or equivalent, emsure
that the design has been revievithe responsible M&P authorignd complies withhat
doaument.

4.1.1.3 Manufacturing Planning

[MPR 14] TheMaterials and Processes Selection, Control, and Implementatiostithn
identify how the responsible M&Brganization participagin manufacturingand
inspection/verificatiorplanning to ensure complce withM&P requirements.

412 M&P Controls

a [MPR 15]All M&P for spacédlight hardware that provides misstantical functions
shallbe defined by standards and specificategigcted frongovernment, industry, and
company specifications and stimds

b. [MPR 16]All M&P for spacélight hardware that provides missientical functions
shallbe identified directly on the appropriate engineering drawing.

c. [MPR 17]CompanyM&P specificationshallbe identified bydocument numbean
the Materals and Process&election, Control, anbinplementation Plan.

d. [MPR 18]All M&P specifications used to produspacdight hardwarethat provides
missioncritical functionsshallbe made available to the responsible NASA Program or Project
Office andM&P organization.

e. [MPR 19]Process specificatiorisr spacdight hardware that provides mission
critical functionsshalldefine process steps at a level of detail that ensures a repeatable/controlled
process that produces a consistent and reliabkiupt.

f. [MPR 20]Process qualificatioshallbe conducted to demonstrate the repeatability of
all processefor spacdlight hardware that provides misstanitical functionswhere the quality
of the product cannot be directly verified by subsetjosmitoring or measurement.

Note: The process requirementssection 4.2.4 othis NASA Technicalt8ndarddo notalways
define process steps at a level of detail that ensures a repeatable/controlled process that

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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produces a consistent and reliable prodstt itshould not be assumed that they are suitable to
be called out as process specifications on engineering drawiihgyare intended as higher

level documentthat state minimum requirements and provide general directions for the design
of hardware.

4.1.2.1  Standard and Specification Obsolescence

[MPR 21] A processshallbe established for ensuring thagtdated, alternate, or new material or
process standasar specificatios from those identified in the Bterials andProcesses
Selection, Control,rad Implementation Plameet or exceed the technical requirements
identified in the originamaterial or process standamt specificatios.

During a longterm program, M&P standards and specifications identified in this document or

in contractor materiad control plans could become obsolete. Continued use of obsolete
standards and specifications is acceptable for manufacturing series edemgn hardware.

Although updated M&P standards or specifications usually meet or exceed earlier standards and
spedfications, their use can result in requirements creep so that new hardware no longer meets
the original design requirements.

4.13 Commercial Off-The-Shelf (COTS) Hardware

[MPR 22] A procedureshallbe established to ensure that all verdesigned, dfthe-shelf, and
vendorfurnished items are covered by the M&P requirements of this documigmthe
exception thaM&P requirementgor off-the-shelf hardwarend othespacdight hardware that
do not providemissioncritical functionsmay be limitedd those required to ensure safety of
flight (for example, flammability, toxic offgassing) and vehicle compatibility (for example,
vacuum outgassing).

414 M&P Control Panel

a. [MPR 23]An M&P controlpanelshallbe established by eacbntractomardware
provider (excluding subcontractors)

b. [MPR 24]TheM&P controlpaned scopeand membershiphallbe described in the
Materials and Processes Selection, Control, and Implementation Plan.

TheM&P control panelplans, manags, andcoordinaesthe selectionapplication,
procurement, control, and standardizationd&P for the contract.

Thepanelalsoresolves andlispositiors M&P problens.

The responsible NASA M&P organizatisran active member of thpanel andchas the right of
disapproval ofpaneldecisbns.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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415 M&P UsageDocumentation

a. [MPR 25]M&P usageshallbe documented in an electroygearchable parts list or
separate electronic searchable Materials Identification and Usage List (MithLthe following
exceptions:

(1) Electrical,electronic, ancelectromechanical (EEE) parts other than wire, cable,
and exposed surfaces of connectors

(2) Materials used in hermetically sealed electronic containers (maximum leak rate
less than 1 x IHcm?/sec)

b. [MPR 26]The documentation d&P usageshallcover thefinal designas delivered

c. [MPR 27]Thedocumentation approadallbe definedn theMaterials and
ProcesseSelection, Control, and Implementation Rlan

Recommended MIUL content is describedppéndixD, Recommended Data Requirements
DocumentsMaterial codes and ratings for materials, standard and commercial peants
componentgare available in the Materials and Processes Technical Information System
(MAPTIS).When requiredpnew material codewill be assi gned by NASAOGS
Flight Cener (MSFC).In some cases, MAPTIS contam&rages for ratings or test resufte
generic materials controlled by nitdry or industry specifications; theaterial codes fothe

generic materiad areused.

MAPTIS is accessible via the Internehéip://maptis.nasa.qgov

Note: Accessibility tdMAPTIS is by registration only.
4.1.6 Material Usage AgreementsNIUA s)

a. [MPR 28]MUAs containingsufficient information to demonstrate that the
applicaton is acceptablehallbe submittedy the responsible M&P organizatitor all M&P
that are technically acceptable but do not meet the requirements MABA Technical
Standard, as implemented by the approved Materials and Processes Selection, Control, and
Implementabn Plan.

The use of M&P that do not comply with the requirements oNtAEBA Technicalt8ndard may
still be acceptable in the actual hardware applications.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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The MUAgeneration and approvalystem should be defined in the Materials and Processes
Selectim, Control, and Implementation RiaA recommendeMUA approach is described in
AppendixD.

b. [MPR 29]MUAs shallnot be used to change the M&P requirements for
nonconforming product.

When the nonconformance is a deviation from M&P requirentkatss acceptable for future
series hardware, an MUA may be generated to provide technical support for a change to the
product baseline.

A typicalMUA form isshownin Appendix8, Typical MUA Form
4.16.1 Human-Rated Spacecraft

For humanrated spactight hardware, atiered MUA system with three categorigs
recommended

4.1.6.11 Category | MUAS

Category | MUAs are those that involve M&P usage that could affect the safety of the mission,
crew, or vehicle or affect the mission successhbue tobe used fofunctional reasons.

Category | MUAs are delivered by the hardware developeragpiovedby the responsible
NASAM&P organization and the NASA Program/Project Office.

4.16.12 Category Il MUAS

Category Il MUAs are those that involve M&P usage thasfaikcreening d1&P

requirements and is not considered a hazard in its use application but for which no Category Il
rationale code existategory Il MUAs are delivered by the hardware developersamtoved

by the responsible NASW&P organization

4.1.6.1.3 Category lll MUA s

Contractors who want to use Category Il rationale coddevant to their hardwarenay do so
through their Materials and Processes Selection, Control, and ImplementationCRlegory

Il MUAS are those that involve M&P that @ not been shown to meet these requirements but
have arappropriaterationale code listed ithe Materials and Processes Selection, Control, and
Implementation PlanThe rationale codes are approved as part of the ovétaterials and
Processes Selectip@ontrol, and Implementation Plapproval.Category Il rationale codes

are evaluated and determined to be acceptable at the configuration/part level

ApprovedCategory Il MUAsare reported in the MIUL system or electronic data system.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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Category Il MUAs are approved by the hardware developer and resporidi&ie organization
through acceptance of the MIUNo MUA form is submitted.

Note: TheCategory IIIMUA rationale codes in the previous release of NWsSA Technical
Standardhave been retireither because the acceptance rationale was deemed inadegjuate
because thapplicationwas made an exception to the requiremBetired codes are listed in
AppendixC, Retired Category Il MUA Rationale Codégsr; continuity purposes but should not

be usedor hardware designed to this NASAD-6016 releaseinless they are listed as

approved rationale codan the Materials and Processes Selection, Control, and Implementation
Plan.

4.1.7 Materials Certification and Traceability

a. [MPR 30]All parts or matealsfor spacdight hardware that provides mission
critical functionsshallbe certified as to composition, properties, and requirements adietenti
by the procuring document.

b. [MPR 31]With the exception of ofthe-shelf parts, parts and materials uséu
critical applicationssuch as lifdimited materialsand/orsafety and fracturecritical parts shall
be traceable through all processing sidgfined in the engineering drawingtte enditem
application

c. [MPR 32]Distributors orother processs shall not heat treat, hot work, or cold work
metal stock unless they take the responsibilities as the producer of the metal and produce a new
certification

Processing records shuld be retained for the life of therogram Processing records for
program residual hardware stuld be delivered to the procurirauthority as part of contract
termination.

4.1.8 Material Design Values

In the design and analysis of aerospace hardwidseternsi mat er i al,0fad d soiwgarb | e s
all owabl es, 0 a araconintbrdysuseth addresa thedesiggvalues used in

structural analysisTh e t er maifi d e s 0 thmougkouwttBissddcumenivhich

encompasses both the material and design feature performance, whichever is used to support the
structural certificaton.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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4181 Requirementsfor Design Values

a. [MPR 33]A, B, or Sbasis statisticataluesfor mechanical properties of materials
shallbe utilized forthe design and analysis of hardwaoeall applications where structural
analysis is required.

Statisticaldesignvaluesare needed for any hardware where structural analysis is required in
order to demonstrate positive margins of safety for the design loads and environments in
combination with the factor of safety requirements

Each distincform of a materialshould be assumed bave unique desigyaluesunless testing

and statistical analysis shows that desigiuesare combinableFor example, olled bar may

have different desigmaluesthan the same alloy in plate, forging, spin formingrusibn, or

casting. Different layups affect the properties of composite structures. Manufacturing methods,
like welding, brazing, swaging, forming, diffusion bonding, adhesive bonding, asuding of
sandwich alter the properties of the original matesiaDesign features, such as joindy-drops,

and tapered ramps affect the design values of composites.

Design values are also required for other mechanical properties, such as dynamic properties like
fatigue and fracture. The basis for these propersasot necessarily statistical, but the sampling

is expected to be representative of the material, product form, and state used in theSdeseyn.
applications require lower bound, and others require typical propertigs.specific

requirement can be fodrin the governing specifications for the design, such as

NASASTD5019 Fracture Control Requirements for Spaceflight HardwareNASASTD

5012 Strength and Life Assessment Requirements for Ligueted Space Propulsion System
Engines

b. [MPR 34]Thesamplingfor other mechanical properties, such as dynamic properties
like fatigue and fractureand verification of design valuskall be representative of the material,
product form, and state used in the design.

The statistical basis for fatigue afiéhicture properties should be consistent with the governing
specification. For example, NASSTD5019 allows for the use of typical fracture toughness and
crack growth rate properties in the assessment of assumed defects;SIVASA12 requires the
use ofbounding fatigue design curves for critical hardware in the primary load path. Fatigue
data provided in MMPDS requires further analysis to derive a bounded design curve.

c. [MPR 35]A, B, or Sbasis statisticahethodsshallbe defined by, and values for
mechanical properties in their design environmakén from MMPDSMetallic Materials
Properties Development and StandardizatbmiSAE CMH-17, Composite Materials Handbook

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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Sbasis statistical values apply to metallic structures only. Although SAE-CMibes use the
termaisS s, 0 it is used only for screening comp
used in design.

Design values in CMH.7 Volume 2 may be used only if each produdaeiiity substantiates

that its material and process contsgproduce repeatable and reliable resuhat support the
published design value. AEquivalencyo-test me
03/19 Material Qualification and Equivalency for Polymer Matrix Composite Material Systems:
Updated Procedw, are acceptable.

d. [MPR 36] For metallic materials, the alloy, heat treatment, product specification,
product form, and thicknestallmatch the alloy, heat treatment, product specification, product
form, and thickness in MMPDS

Since the testintp develop design values is specific to alloy, heat treatment, specification and
form, the statistical relationship is relevamtly to that same combination. Thickness affects
strength of metal because of metallurgical factors that influence strengtindit transfer

during heat treatment and variability of reduction during metal working.

SAE CMH17is composed of six volumeSAE CMH17-1G, Volume 1i Polymer Matrix
Composites Guidelines for Characterization of Structural Materfa/se CMH17-2G, Volume
21 Polymer Matrix Composites Materials Properti&AE CMH17-3G, Volume 3 Polymer
Matrix Composites Materials Usage, Design, and Anah&&E CMH17-4B, Volume 4 Metal
Matrix CompositesMIL-HDBK-17-5, Volume 5 Ceramic Matrix Compositesind SAE CMH
17-6, Volume G Structural Sandwich Composites

Notes:
(1) Design alues of structural materials listed in later versions of MMRIDSAE
CMH-17 than thosespecified in section 2 may heedprovided the methodology
used to deelop the allowable sthanical properties is at least as conservative.

(2) When released, SAE CMH-5 may be used in place bfiIL-HDBK-17-5. SAE
CMH-17-5 is scheduled for publication in 2017

(3) Published propertieseed to be appropriate fahe design environment. For
example, pblished properties at ambient temperature aretypically
appropriate for applications in higtkemperature environments.

(4) Design Valuesgalculated based on regression analysis accordingA& CMH-
17 (Volume lsection8.3.7) are acceptable.

(5) Caution iswarranted formaterial properties that significantly exceed minimum
specification values. Sensitivity to stress corrosion cracking, loss of ductility and

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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fracture toughness, and degraded mechanical properties at cryogenic
temperatures, may result in soai®ys that are ovestrengthened. For example
for quenched and tempered alloy steels, precipitation hardened steels, heat
treatable aluminums etdhedurability and behavior in service environments
may be adversely affectadhen theyare strengthenedignificantly beyond their
minimum strength requirements.

(6) Section 4.2.2 of this NASA Technical Standard contains requirements for test
verification of the adequacy of the heat treatment process when metallic materials
are userheat treated.

(7)Forcompos t e struct ur e shasisfdgesign valites magwoth& and B
appropriate as they can be compromised by manufacturingtdefeishandling,
impacts, etcSuch damage is commonly in the form of subsurface delaminations
that cannot be seen by visual iespion or detected by a practical NDE program.
Degraded design values that take into account damage tolerance may be
substantially lower than pristine design values, and may be required in
accordance with NASSTD5019 Fracture Control Requirements for
Soaceflight Hardware

e. [MPR 37]Whenstatisticaldesignvaluesfor new or existing structural materials are
not available, theghallbe determined by methods described in MMRIDSAE CMH-17 and a
report documenting the derivation of the néesign valesbe male available to NASA for
review.

Design values for polymeric materials other than composites@rered by this requirement but
are not addressed by MMPDS 8AECMH-17. The methoddescribed irSAE CMH17 are
appropriate for such materials.

It is recognized that the development of statistical design values may, at times, be impractical for
materials in extreme environments given project resource limitations. In such cases, the
contractor should develop a tailored approach to adequately substaritie design values for

the environment and submit the approach and design values for approval via an MUA.

f. [MPR 38] The implementation ofreapproach for generatirgjatistical design values
that deviates from theampling methodology and statisticaéthodsn MMPDS orSAE CMH-
17 and he use of design values that deviate from those published in MMPDS or SAELCMH
shall beapprovedwvith anMUA.

At a minimum, the following should bleould be addressed the MUA documenting the
rationale for use oftte alternativeapproach for generatingtatistical design values that deviate
from the guidance in MMPDS or SAE CMH.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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(1) Description of the statistical approach

(2) Descriptionof thenumber otest specimensiumber of lots, heats, and/or prodioct
units, e.g., welghanels, castings, parts

(3) Description of the range of relevant process parameters

(4) Verification that the test specimens are representative of the product specification
and product form used in the design (for metallic materihks heat treatment and
thickness also need to be verified as represenjative

The following should be addressed in the Mdbfumernihg the rationale for use of the
alternaive design values:

(1) How thedesign valuesave been derived
(2) How future material lots will be verified for performance

(3) Justificationfor use of the alternate statistical methanghe use of engineering
reduction factors

For newor modifiedproduction methodgonsistency witkhe original qualification testingand
theassociated design values should be demonstedted appropriate structural scale

0. [MPR 39]All contractordeveloped mechanical and physical propdatashallbe
made availabléo the responsible NASA M&P organization.

418.2 Design Valuelmplementation in Design

a. [MPR40]Ma t e r idesignva@uBsshallnot be used except in redundant structure
in which the failure of a component would result in a safe redistribution of applied loads to other
load-carrying members.

Materi al -b&sB®o doersifighh val ues are specified to as
structures, which are typically components or structural elements with a redundant load path.
Materi al -bfa/ssd sor dieSi gn values may bleasised in |
becausehey are derived using a more conservative statistical method.

Not e: For nonmetallic structures, this requi
values. For fracturecritical nonmetallic structures, Basis design values should be used in
accordance with the methods outlined in NASIA>5019 B-basis design values develoded

intentionally damaged struate as part of damage tolerance assessment may be acceptable for
nonredundant structure. As strength and life verification of composetpsres empirical

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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testing, it may become necessary to first develop design values representing the intrinsic

material constitutive properties, and then separately establish design values for discrete design
features which cannot be adequately correlati@draditional stress analysiExamples may

include complex phldrop scenarios, discontinuities, composite/metallic interfaces, sandwich
ramps, oOor unique bonded/ bolted joints. I n suc
rather than establishipdesign values specific to the design feature may result in an

inadequately designed structure.

[Composite damage tolerance is outside the scope of this NASA Technical Standard; NASA
STD5019, Fracture Control Requirements for Spaceflight Hardware, amntaquirements on
this subject.]

b. [MPR 41]Minimum property acceptance values in material specifications
(specification minimums) not explicitly publ:
an approved MUA for use aesign values

MMPDS equires three distinct lots of metal be tested and the data statistically analyzed and
t est ed b edesignealugatre eublistedin the handbook.

To minimize MUA activity, a process or set of standardized criteria can be defined in the
Materials and Process ContrdPlan to allow the use of specification minimums for design
without MUAs Approachegouldinclude extra lot testing, proof testing, substamigthed S 0
basis over time, high margin applicat®ror the use of substantiated engineeniaduction
factors.

4183  Structural FastenerDesign Values

[MPR 42] Structuralfastenerdesignvaluesshallbe defined by minimurfoadtestrequirements
in theapplicable part and/or procurement specificatgovérnment, aerospaselustry
consensuscompanyspecific, or custonspecification).

MMPDS desigvaluesare not transferrable to fasteners, because raw material used to make
fasteners is reprocessed using various metallurgical practices such as hot heading, thread
rolling, and heat treatingThese processes change the strength of the metal from the original bar
stock. NASA has chosen to adopt lot tested design strength defined in the specific fastener part
and procurement specifications e design valuastead of the certifications of tleeiginal

bar stock.

Other structural fastener requirements are identified in secti@r66.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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4.2  Detailed Requirements
4.21 Flammability, Offgassing, and Compatibility Requirements

[MPR43] Materialsshallmeet the requirements NMASA-STD-6001B, Flammability,
Offgassing, and Compatibility Requirements and Test Procedigelescribed below.

4211 Flammability Control

[MPR 44] Materials that are nonflammable or sektinguishing in their use configuration as
defined by NASASTD-6001B, Test lor an appropriate configurational flammability test per
NASA-STD-6001B, shallbe used for flammability contrelith the following exceptions

a. Ceramics, metal oxideand inorganic glassese exempt

b. Materials that are designed to ignite and buartheir use application (for example,
pyrotechnic materials) are exempted from flammability requiremprasided that
systems/experiments using such matemaédesigned so that the burning materials cannot act
as an ignition source for other hardear

c. Materials used in minor quantitiédimensions controlled so the potential fire
propagation gth is less than 15 linear cm (6 linearanyd the surface area is no more than 80
cn? (12 square in)in crew environments and 30 linear cm (124&nir) for external materials)
with no propagation path or ignition source.

d. Materials used in sealed containers are exempt because insufficient oxygen is
available to maintain combustion.

e. Materials within vented electronics packages with metallicscasd no forced air
convection arexemptbecause of the se#ixtinguishing effect of expanding combustion gases in
a constrained volume.

f. Materialsthat have been shown by test to meet the requirements of NATA
6001B may beused in an environment thian oxygen concentration lower than the test level
without further testingprovided that the oxygen partial pressureagreater than the partial
pressure at the test lewal general test data exist to demonstrate that the higher oxygen partial
pressire is outweighed by the lower percentage concentration for the environments in guestion

g. Materiak areacceptable when used on a metal substrate that provigeieguate
heat sinkA heat sink ionsiderecgdequate in the ussnfiguration by tesbr analysisWhen
testing is conducted, ateriak paseng the flammability test on a metal substrate acceptable
on metal substrates tife same thickness or greatdiaterials that are flammable but have

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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thickness less than 0.25 mm (0.010 in) aredattachedo a metallic surface greater than 1.6 mm
(0.062 in) thickare acceptable by analysis

h. Materials are nexposed, overcoatedth a verified fireblocking material, or no
more than 1/4 inch thickndsandwiched between nonflammable matemath only the edges
exposed.

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 foimdSC 29353, Flammability Configuration Analysis for
Spacecraft Applications.

i. Flammability configuration analysis in accordance with JSC 29353 shows hardware
configuration to be sekéxtinguishing.

Material flammability ratings and tests based on NASM®-6001B for many materials are
found in the MAPTIS database.

4.21.2 Toxic Offgassing

a. [MPR 45] All nonmetallicmaterialsused in habitabl8ight compartmentswith the
exception oteramicsmetal oxidesinorganic glassesnd naterials usdin sealed container
(maximum leak rate less than 1 x“€@n¥/sec) shallmeet the offgassing requirements of Test 7
of NASA-STD-6001B.

b. [MPR 46] Spacecraftlnaximumallowable concentration $MAC) valuesshallbe
obtained from JSC 20582008) Spacecraft Maxnum AllowableConcentrations for Airborne
Contaminantsor from MAPTIS br compounds for which no SMAC values are found in JSC
20584

4.21.3  Fluid Compatibility (Fluids Other Than Oxygen)

a. [MPR 47] Materials exposed to hazardous fldidballbe evaluted or tested for
compatibility.

NASASTD-6001B, Test 15is a48-hour screening test for shoeterm exposure to fuels and
oxidizers.

1 For the purpose of this standard, the definition of hazardous fluids includes gaseous oxygen
(GOX), liquid oxygen(LOX), fuels, oxidizers, and other fluids that could cause corrosion,
chemically or physically degrade materials in the system, or cause an exothermic reaction.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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b. [MPR 48] Appropriatelong-term testgo simulate the worstase use environment
that would enhance reactions or degremfeshallbe conducted for materials with lotgrm
exposure tadiquid fuels,oxidizers, and other hazarddiguids

The test program needs to demonstrate that materials will not degrade unacceptably during the
actual time of hazardous fluid exposuregluding ground processing prior to flight, flight

exposure, and poslight processing prior to decontaminatiodse of elevated temperatures to
accelerate the test and/or extrapolation of minor degradation from the test duratios actual

time of hazedous fluid exposure are acceptable approaches.

NASASTD-6001B, Supplemental Test A.7, identifies changes resulting from incidental exposure
(minor amounts, such as a splash) to fuels or oxidizers.

c. [MPR 49] Materialsdegradation in longerm testshallbe characterized by petst
analyses of the material and fluid to determine the extent of changes in chemical and physical
characteristics, including mechanical properties.

d. [MPR 50] The dfect of material condition (for example, parent versus weld noetal
heataffected zone3hallbe addressed in the compatibility determination.

e. [MPR 21( Materials used in nitrogen tetroxide systems shall be evaluated for
flammability in nitrogen tetroxide using promoted combustion tests similar to N&HEA
6001B, Test 17, for metallic materials used in oxygen systems and Test 1 for polymeric
materials.

(1) [MPR 211 When materials are determined to be flammgdlaitrogen tetroxide
compatibility assessment shall be conducisidg the methodology described forygen
systems in NASASTD-6001B and the system safety rationale of this assessment documented in
an MUA.

f. [MPR 217 Materials used in other oxidizer systems shall be evaluated for potential
ignition.

4.21.4 Oxygen Compatibility

a. [MPR 51] Materials anccomponents, and systems usetigoid oxygen {OX) and
gaseous oxygerGOX) environmentscompressed air systerrend pressurized systems
containing enriched oxygeshallbe evaluatedfor oxygen compatibilityn accordance with
NASA-STD-6001B.

Material flammability ratings and tests based on NASPFD6001B for many materials are
found in the MAPTIS database.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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b. [MPR 52] When materia in such systems adetermined to be flammablan
oxygen compatibility assessmestitallbe conducteds described in NBA-STD-6001B and the
systemsafety rational®f this assessmedbcumented in an MUA.

As described in NASBTD6001B, material/componentonfigurationaltestingmay be required
to support theeompatibility assessment

Compressed aisystemsnd pressuried systems containing enriched oxygeminherently less
hazardous than systems containing pure oxygen; the hazard increases with oxygen concentration
and pressure.

Guidelines on the design of safe oxygen systems are contained in ASTM MNL 36, Safe Use of
Oxygen and Oxygen Systentéandbookfor Design, Operation, anlflaintenance ASTM G88,
Standard Guide for Designing Systems for Oxygen Service; ASTM G63, Standard Guide for
Evaluating Nonmetallic Materials for Oxygen Service; ASTM G94, Standard Guide for
Evaluating Metals for Oxygen Servi@and NASA/TM2007%213740, Guide for Oxygen
Compatibility Assessments on Oxygen Components and Systems

4.2.1.4.1 Oxygen Component Acceptance Test

[MPR 53] GOX and enriched air system componethist operate at presasabovel.83 MPa
(265 psia, with the exception of etallic componenisuch as hard lines (rigid metallic tubing),
metallic flex hoses, metallic fluid fitting with all metal seals, and metallic pressure vessels
(including composite overwrapped pressuessels with metallic linersghallundergo oxygen
componentacceptance testing for a minimum of ten cyffesn ambient pressute maximum
design pressuneithin 100 milliseconds tensure that all oxygen systespacdight hardware is
exposed to oxygeprior to launch.

This test is an acceptance test, not a qualification test, and is required for all spediight
hardware.Retesing is requiredf posttest actions (such as rework, repair interfacing with
hardware having uncontrolled cleanéss) invalidate the acceptance test.

LOX system components should also be acceptance tested, but the system hardware acceptance
test is normally adequate for this purpose. The number of test cycles should be as defined in the
system hardware acceptanest(typically well below the ten cycles required for gaseous

systems).

4.2.1.5 Electrical Wire Insulation Materials

a. [MPR 54] Electricalwire insulation materialshallbe evaluated for flammability in
accordance with NASATD-6001B, Test 4or Test 1

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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Test 4 should be used for insulation on electrical power wiring where the maximum current
passing through the wiring can raise the temperature ad9vC (120 °F) Either test can be
used for signal/data wiring and other wiring where the current is todlsmeaise the
temperatureabove this value

b. [MPR 55] Arc trackingshallbe evaluated in accordance with NASAD-6001B,
Test 18for all wire insulation constructions excqgilytetrafluoroethylene (PTFE),
PTFHEpolyimideinsulationconforming to SAE AS2759C, Wire, Electrical, Fluoropolymer
Insulated, Copper or Copper Alland used in conditions bounded by the dryteacking test
specified bySAE AS2275%, ethylene tetrafluoroeytene (ETFE)andsiliconeinsulated wires
(the resistance of these miads to arc tracking has already been established

422 Metals

[MPR 56 MSFC-STD-3029, Guidelines fothe Selectionof Metallic Materiat for Stress
CorrosionCracking Resistance in Sodium Chloride Environmesitallbe used to select
metallic mateials to control stress corrosion cracking of metallic materiad®aand air
environmentswith the exception that an MUA is not required for the following conditions

a. Parts inelectrical/electronic assembliasth maximum tensile stress less tHsh
percentof the yield strength

b. Martensitic omprecipitationhardening PH) stainless steels used in ball bearing or
similar applications where the loading is compressive.

This exception cannot be used for Hadlaring races for which the primary loadingténsile.

c. Carbon and low alloy higktrength steelwith strengthgreater than 1240 MPa (180
ksi) used in ball bearings, springs, or similar applications whedeading is compressive and
there is a history of satisfactory performance.

d. Hardware providsnomissioncritical functions
Additional information regarding metallic materials can be found in MAPTIS.

422.1 Aluminum

Aluminum alloys used in structural applicatiostsouldbe resistant to general corrosion, pitting,
intergranular corrosion, ad stress corrosion cracking.

[MPR 57] The5000series alloys containing more than 3 percent magnesnathnot be used in
spacéight hardware that provides missia@nitical functionswhere the temperatuexceeds
66 °C (150°F).

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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Grain boundary precipation above6 °C (150 °F)can creag stresscorrosion sensitivity.

422.2 Steel

4.2.2.21 Drilling and Gr inding of High-Strength Steel

When performing drilling, grinding, reaming, or machining of steels;dtwss machining
techniques with coolanhsuld be used. Uncontrolled higitress machining used without

coolantis detrimental to the steel microstructure. Untempered martensite is formed that leads to
cracking. Overheating can soften the steel due to overtempering or decarburizatiestréssy
machining practices, such as thoseSAEAMS453,Low Stres$srinding of Steel Parts Heat
Treated to 180 ksi or Over, and Low Stress Grinding of Chrome Plating Applied to Steel Parts
Heat Treated to 180 ksi or Oveshould be used to prevent damage tontiheostructure.

a. [MPR 58] When drilling, grinding, reaming, or machinirgperformed ornigh-
strengthsteelsthat can form martensiend are used ispacdight hardware that provides
missioncritical functions a validated process for machinisigal be used

b. [MPR 59 The absence of machining damdgehigh-strength steels used in
spacélight hardware that provides missianitical functionsshallbe verifiedby
microexamination of production parts (suchNasal etchinspection) or by anicrohardness and
metallurgical examination of sample pdids either of the following situations:

(1) When the material has very low toughness (sucharsensiticsteel above 200
ksi) and the part has low stress margins or is fatigue driven.

(2) When the surface adlition of the part is critical to the design (such as its ability
to withstand hertzian stresses or remain perfectly. flat)

4.2.22.2 Corrosion-Resistart Steel

a. [MPR 60] Unstabilized, austenitic steedhallnot beprocessed aused abov&71°C
(700 F) in spacdight hardware that provides misskanitical functions

b. [MPR 61] Welded assembliassal in spacdlight hardware that provides mission
critical functionsshallbe solution heatreated and quenched after welding except for the
stabilized ordw carbon gradesuch as 321, 347, 316L, and 304L.

c. [MPR 62] Servicerelated corrosion issues are common for-frechining alloys
such as 303andthese alloyshallnot be used ispacdéight hardware that provides mission
critical functionswhenthey carnbe exposed to moisture other than transient condengsatitm
nitrogen tetroxide

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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4.2.2.23 Ductile-Brittle Transition Temperature
[MPR 63 Steelsshallnot be usedh tensionbelow theirductile-brittle transition temperature

Alloy and carbao stees, as well aderritic, martensitic and duplex steels tend to become brittle
as the temperature is reducdgiflls in ball bearingsare generallyacceptabléoecause they are
in compression

4.22.3 Titanium

4.2.231 Titanium Contamination

a. [MPR®64] All cleaning fluids and other chemicals used during manufacturing and
processing of titanium hardwal@ spacdight hardware that provides missianitical functions
shallbe 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 golchave been shown to cause ligungal-induced embritement and/or solid
metatinduced embrittlement in titanium and its alloys. Ligmeétatinduced embrittiement of
titanium alloys by cadmium can occur as lowld9°C (300°F), and solidmetatinduced
embrittlement of titanium alloys by cadmium can o@sufow as room temperature.

b. [MPR 65] The surfaces of titanium and titanium alloy mill producgsdfor
spacdight hardware that provides misskanitical functionsshallbe 100percentmachined,
chemically milled, or pickled to a sufficient depthremove all contaminated zones and layers
formed while the material was at elevated temperature.

Contaminded zones and layers may be formasd result of mill processing, heat treating, and
elevated temperatus®rming operations.

4.22.32 Titanium W ear

Titanium and its alloys exhibit very poor resistance to wear. Fretting that occurs at interfaces
with titanium and its alloybasoften contributed to crack initiatioespecially fatigue initiation.
The preferred policy is a design that avoidsting and/or wear with titanium and its allays
Bolted joints are not considered to fret.

[MPR 66] All regiors of titanium alloygor spacéight hardware that provides missianitical
functionsthat aresubjectto fretting or weashallbe anodized peBAE AMS2488D, Anodic
Treatmeni Titanium and Titanium Alloys Solution, pH 13 or Higher hardcoateadutilizing a
wearresistance materiggduch as tungsten carbide/cobalt thermal spray.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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4.22.3.3 Titanium Flammability

a. [MPR 67] Titanium alloysshallnot ke used with LOX or GOX at any pressure or
with air at oxygen partial pressures ab8&kPa(5 psig.

b. [MPR 68] Titanium alloysshallnot be machined inside spacecraft modules during
ground processing or in flight, because machining operations can itaniarn turnings and
cause fire.

4.2.2.4 Magnesium

a. [MPR 69 Magnesium alloyshallnot be used in primary structusein other areas
of spacdlight hardware that provides missianitical functionsthat aresubject to wear, abuse,
foreign object damagebrasion, erosion, or where fluid or moisture entrapment is possible.

b. [MPR 70] Magnesium alloyshallnot be machined inside spacecraft modules during
ground processing or in flight, because machining operations can ignite magnesium turnings and
cause fie.

4.2.2.5 Beryllium

Berylliumalloys are exceptionally lightweight but amet oftenused because of the extreme
toxicity of beryllium salts and oxidesnd because is unusudy susceptible to damage. Alloys
containing up to gercentberyllium by veight are not an issy@rovided they are not machined
inside spacecraft crew compartments

a. [MPR 71] Alloys containing more thanpgercentberyllium by weightshallnot be
used for primary structural applications.

b. [MPR 72] Alloys containing more #m 4 percent beryllium by weigbhallnot be
used for any application within spacecraft crew compartments unless suitably protected to
prevent erosion or formation of salts or oxides.

c. [MPR 73] Design of beryllium partfor spacélight hardware that mvides mission
critical functionsshalladdress its lowmpact resistance and notch sensitivity, particularly at low
temperatures, and its directional material properties (anisotropy) and sensitivity to surface finish
requirements.

d. [MPR 74] All beryllium partsused inspacéight hardware that provides mission
critical functionsshallbe processed to ensure complete removal of the damaged layer (twins and
microcracks) produced by surfaneetatworking operationssuch as machining and grinding.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.

APPROVED FOR PUBLIC RELEASE —DISTRIBUTION IS UNLIMITED

41 of 155



NASA-STD-601a8

Chemic#milling and etching are recognized successful processes for removal of the damaged
layer.

e. [MPR 75] Beryllium-containingalloys (including alloys containing less than 4
percent beryllium by weighgnd oxides of berylliunshallnot be machined insidgacecraft
crew compartments at any stage of manufacturing, assembly, testing, modification, or operation.

Stripping, crimping, and cutting electrical wire are not considered to be machining
operations.

f. [MPR 76] All beryllium partsused inspacéight hardware that provides mission

critical functionsshallbe penetraninspected for crackke flaws with a highsensitivity
fluorescent dye penetrant in accordance with section 4.2.5.

4.2.2.6 Cadmium

Cadmium is highly toxic, can sublime and cause ogiggscontaminatiomt elevated
temperaturesn vacuum, and can cause liquid metal embrittlement of titanium and some steel
alloys.Cadmium plating can spontaneously form cadmium whiskers.

a. [MPR 77] Cadmiumshallnot be used in crear vacuumenvironmets.

b. [MPR 78] Cadmiumplated toolsand other hardwarghallnot be used in the
manufactureor testingof spacdight hardwarethat provides missicaritical functions

4227 Zinc

[MPR 79 Owingtoz i nabilitysto grow whiskerszinc platingotherthan black zinenickel
platingshallnot be usedh spacdlight hardware that provides missianitical functions

Metallic zinc is less volatile than cadmium but should not be used in vacuum environments
where the temperature/pressure environment coalgse contamination of optical surfaces or
electrical devices.
4.2.2.8 Mercury

a. [MPR 80] Equipment containing mercushallnot be used where the mercury could
come in contact with spaceflight equipment during manufacturing, assembly, test, checkout, and
flight.

Mercury has the potential for causing ligumetal embrittlement.
NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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b. [MPR 81] Spacelight hardware (including fluorescent lamps) containing mercury
shallhave three levels of containment to prevent mercury leakage.

Nonflightlamps containing mercyr such as those used in hardware ground processing and
fluorescentdyepenetrant inspection of flight partate acceptable, provided that the bulbs are
protected by a nonshatterable, lepfoof outer container.

4.2.2.9 Refractory Metals

[MPR 82] For refractory alloys (alloys with a melting point above 2000 °C (3600 °F), plus osmium
and iridium)used inmissioncritical applicationstestsshallbe performed to characterizgtical
design propertietor the intended application and the data documemtad MUA.

Engineering data on refractory alloys are limited, especially under extreme environmental
conditions of spacecraft.

4.2.2.10 Superalloys (NicketlBasedand Cobalt-Based)

In these requirements, a superalloy refers to a niaketobalt basedalloy that retains all or
most of its strength at usage temperatures approachingG38000°F) and higher. Examples
include both wrought productsich adnconel 718nd castingsuch asMar-M-247 and Inconel
625

a. [MPR 83] High-nickel content alloy are susceptible to sulfur embrittlement;
therefore for spacdight hardware that provides misstanitical functions any foreign material
which could contain sulfur, such as oils, grease, and cutting lubrishatdhe removed by
suitable means prido heat treatment, welding, or high temperature service.

Some of the precipitatienardening superalloys are susceptible to alloying element depletion at
the surface in a high temperature, oxidizing environnigickekbased superalloys are
susceptibled grain boundary cracking phenomena at elevated temperatures, such as Stress
Assisted Grain Boundary Oxidah Embrittlement (SAGBOE), and to strespture during heat
treatment

b. [MPR 84] Thereduction to design propertie$ alloying element deplain at the
surface in a high temperature, oxidizing environnstill be evaluated when a thin sheébne
of these alloyss usedor spacdlight hardware that provides missi@nitical functions since a
slight amount of depletion could involve a consatde proportion of the effective cross section
of the material.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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4.2.2.11 Tin

High-purity tin and tin platingare susceptible to two degradation phenometiwawhisker
growth and tin pest (sometimes known as tin plagiefollowing requirements forh whisker
mitigationmay not beadequate to prevent tin pest from occurring

a. [MPR 85] For spacéight hardware that provides missi@nitical functionstin and
tin platingshallbealloyed with at least 3 percent lelag weightor other proven allapg
element(s}o prevent tin whisker growth

b. [MPR 86] Tin and tin platingalloyed withless thar8 percent leatdy weight andused
in electricalélectronic applicationshallcomply withGEIA-STD-00051A, Performance
Standard for Aerospace ahtigh Performance Electronic Systems ContairiilegdFree Solder
andControl Level 2C requirements GEIA-STD-00052A, Standard for Mitigating the Effects
of Tin Whiskers in Aerospace and HigbrRormance ElectroniSystemswith the following
exceptions:

(1) Solder alloy Sn96.3Ag3.7 (Sn96) used for higimperature applications

(2) Solder alloy Au80Sn20 used as a die attach material or as a package sealing
material.

(3) Tin alloys containing less than p@rcentin by weight

c. [MPR 87] Whenhigh-purity tin and tin platingare usedor spacdight hardware that
provides missioftritical functionsand will also beexposed taemperatures below Xg for
periods longer than 6 months, the method for preventing tin pest forrshilbe documented
in the materials control plan

At this time, insufficient data exist to define hard requirements for controlling tin pest. Alloying
with more than Jercentlead or smaller quantities of antimony or bismuth significantly slows
tin pest formation but may not eliminate it completAoying recommendations based on
weight percentage are:

(1) Not less than 5 percent lead

(2) Not less than 0.3 percensimuth

(3) Not less than 0.5 percent antimony
(4) Not less than 3.5 percent silver

d. [MPR 88] Tin platingshallnot be used for contadits electricalinterconnects
(connectors, sockets, switches, efor)spacdight hardware that provides misstanitical
functions

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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Tin plating has been demonstrated to have oxidation, wearveeld, fretting and tin whisker
issues that reduce performance and reliahiliiyn platingmaybe accepted through the MUA
process, provided appropriate contr@gtontad lubricant, stabilant, etc.are used tanitigate
the performance and/or reliability risk.

4.2.3 Nonmetallic Materials
4.2.3.1 Elastomeric Materials

a. [MPR 89 Elastomeric materialgsed inspacdight hardware that provides mission
critical functiors shallbe selected to operate within design parameters farsillife of the
hardware

b. [MPR 90] Elagomeric materialsised inspacdight hardware that provides mission
critical functions other than those used in gffe-shelf partssuch as cdb clampsshallbe cure
dated for tracking purposes.

c. [MPR 91] Roomtemperaturesulcanizing (RTV) siliconeghatliberate acetic acid
during cureshallnot be usetbecause¢hey can cause corrosion.

d. [MPR 92] When rubbers or elastomeaxse useat low temperaturesm spacdight
hardware that provides missientical functions the ability of these materials to maintain and
provide required elastomeric propertssllbe verified.

Elastomers do not seal effectively below their glaassition tenperature and the ability of
elastomers to seal decreases significantly as the-¢dassition temperature is approached. The
high glasstransition temperature of Vit@rubbers was a major contributor to the loss of the
Space Shuttle Challengemnd othe elastomers may struggle to retain sealing performance at
spacecraft temperatures.

4.2.3.2 Polyvinyl Chloride

[MPR 93] Use of polyvinylchloride onspacdight hardwareshallbe limited to applications in
pressurized areas where temperatures do noedd&¢C (120°F).

Polyvinyl chlorideoffgasses unacceptaldytemperaturesbove 49 °C (120 °F). It is also
normally flammable in pressurized areas of spacecsaft when it is usedts flammabilityhas
to be controlled in accordance witection4.21.1.

Polyvinylchlorideis notvacuumcompatible

Rigid polyvinyl chloride tubing is naicceptabldor pressurized gas applicationsecause ican
have a brittle failure when used for pressurized gas transport.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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4.2.3.3 Composite Materials

Requirementand guidancen materials desigmalues for polymer matrixceramic matrixand
metal matrix compositesre insection 4.18. Requirements on sandwich assemldiesin
section4.2.6.2

4.2.3.4 Lubricants

NASATM-86556, Lubrication Handbodlor the Spacéndustry, Part A: Solid Lubricants, Part
B: Liquid Lubricantsprovides guidancenthe evaluation and selection of lubricants for
spaceflight systems and compone@isidelines on additional lubricantsot listed in NASAT M-
86556are contained in NASBR-2005213424, Lubrication for Space Applicatiohsibricants
containing chlorefluoro componentmay react with newlgxposed rubbing surfaces of
aluminum, magnesium or titanium alloys, esplly at elevated temperatures

4.2.3.5 Limited-Life ltems

[MPR 94] All materialsshallbe selected to meet the useful life of the hardware with no
maintenancer be identified as limitedife items requiring maintainability.

4.2.3.6 Thermal Vacuum Stability

a. [MPR 95 Nonmetallic materialthatare exposed to spagacuum with the
exception ofceramics, metal oxidesorganic glassegndcetyl alcohol lubricants used on
fastenersutside closed compartmenshallbe tested using the techniqueASTM E59515,
Standard Test Method fdiotal Mass Loss and Collect&fblatile Condensable Materialiom
Outgassingn a Vacuum Environment, with acceptance critersafollows:

(1) 00 . 1 matlactedeatatile condensablenaterials (CVCM)

(201 . 0 potarmeassioss (TML)lesswatervaporrecovery (WVR) except that
a higher maskssis 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.

Manymaterials contain absorbed watdut the loss of absorbed water does matmally affect
functionality, so the WVR (a measure of the total water vapor lost IAS8IEME59515test) is
subtracted from the TML

More stringent requirements may be neededriaterials that are line of sight to contamination
sensitive surfaces on spacecraft or attached vehiClestaminatiorsensitive surfaces include
windows, lenses, star trackers, solar arrays, radiators, and other surfaces with highly controlled

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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optical properties.The approach taken depends on the specific program needs but may include
lowering the CVCM requirement®0 . 0 1 p e r,cse of optic@l\s@fates in testing to
characterize the effects of deposition, or measurement of outgassing deposition rates as
functions of source and target temperat(ttee standard test method is ASH#559, Standard

Test Method foContamination Outgassing Characteristics of Spacecraft Mateald)

calculating deposition on critical surfaces using an integrated vehicle m®pgatecraft with
cryogenic optics may be sensitive to water vapor deposition; in such cases, the WVRoivould
be subtracted from the TML.

b. [MPR 96] With the following exceptions,drdware itera (componerg, assembés
etc.) containing materials that fail the CVCM requirement and/or having unidentified materials
shallbe vacuum baked #te maximum tolerableemperature of the componeh@ °C above the
maximum predicted operating temperature, or an alternate temperature selected by the
program/project, to meéhe program/project acceptance outgassing criteria

(1) Materials that areot near a critical surfa@nd have a ¢CM between 0.1 and
1.0 percenand an exposed surface atess than 13 cA(2 in?) are exempt

(2) Materials with an gposedsurface aretess than 1.6 cf{0.25 irf) are exempt

(3) Materials that arenexposed, overcoated, or encapsulated wighayed
materids are exempt

(4) Materiak enclosed in a sealed container (maximum leak rate less than. x 10
cm’/sed are exempt

Determination of acceptable molecular outgassing limits, selection of the bakeout method and
temperature, and determinatiof the specific bakeout completion criteria are the responsibility of
the program/project. ASTM E2900, Standard Practice for Spacddaafiware Thermal Vacuum
Bakeoutis recommended as a guide for performing thermal vacuum bakeout.

A vacuurrbaketemperatire of 125 °C (257 °Hthe ASTM E5985 screening temperaturenay

damage somgpacdlight hardware. Temperature requirements for hardware thermal vacuum

bakeout should be adjusted to prevent damage to components. Because bakeout time and efficiency
are cependent on temperature, the chosen temperature should be the highest possible without
damage to hardware.

A hardware functionality bench testtouldbe performed to reerify performance after baking.
4.2.37  External Environment Survivability

[MPR 97] The critical properties ahaterials exposed in the spacecraft external environment
shallmeet operational requiremetits their intended lifecycle exposure.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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Applicable space environments incluatemic oxygen, solar ultraviol¢V) radiation, ionizirg
radiation, plasma, vacuum, thermal cycljramd contaminationApplicable planetary
environments, such as dust and planetary atmospheegsalso applyMeteoroids and orbital
debrisshouldalso be considered in the analysis of ldegn degradation.

4.2.3.8 Fungus Resistance

[MPR 98] Materialsthatare nornnutrient to fungi, as identified in MHHDBK-454B, General
Guidelines for Electronic Equipment, Requiremerffdngusinert Materials, Table-4, Group I,
shallbe usedn launch vehicles angressirizedflight compartmentsexcept when onefadhe
following criteria is met:

a. Materiak havebeen tested to demonstrate acceptabilityMiér-STD-810G,
Department of Defense Test Method Standard for Environmental Engineering Considerations
and Laboratoryrests, Method 508.

b. Materialsareused in crew areas where fungus would be visible and easily removed.

c. Materialsareused inside sealed containémsaximum leak rate less than 1 x“1.0
cm’/sec)with internal container humidity less than Bércent relatie humidity RH) at ambient
conditions.

d. Materialsareused inside electrical boxes where the temperature is always greater
than or equal to the ambient cabin temperature.

e. Materialshaveedge exposure only.
f. Materialsarenormally stowed with no risk of calensation in stowage locations.

g. Materialsareused on noncriticabff-the-shelf electrical/electronic hardware that is
stowed and/or used in crew areas.

h. Materials ardluorocarbon polymeréncluding ETFE) or silicones.
i. Materials are used irew clohing items.

When fungusutrient materialshaveto be useqand none of the above exception criteria are
met)and an MUA is submitted for approval, supporting rationale should include how materials
aretreated to prevent fungus growilsing a fungus trément that does not adversely affect unit
performance or service life, does not constitute a health hazard to higher order life, and is not
leached out by the use environment.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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4.2.3.9 Glycols

[MPR 99 When solutions containingjycols (aliphatic dihydri@lcoholg are used aboard
spacecrafthathave electrical or electronic circuits containing silver or sibeated copper, a
silver chelating agensuch as benzotriazole (BZ®Bhallbe added to the solution to prevent
spontaneous ignition from the réaan of silver withtheglycol.

This reaction is known to occur for ethyleared propylene glycol. &utions containing other
glycols may be exemptedaktingis conducted talemonstrate thate spontaneous ignition
reactiondoes nobccur.

4.2.3.10 Etching Fluorocarbons

a. [MPR 100 The etching oPTFE, perfluoroalkoxy (PFARnd fluorinated ethylene
propylene (FEP3hallmeet the requirements BAE AMS2491F, Surface Treatment of
Polytetrafluoroethylene, Preparation for Bondiwpen adhesion to theutbrocarbon surface is
required except that for insulated wire or cable a pull test opromluced specimens may be
performed in lieu of the tensile and shear strength tests in AMS24&don 3.5.2

Adhesion to the fluorocarbon surface is required feceical wire or cable insulated or coated
with fluorocarbons intended for potting if mechanical bond strength and environmental sealing
are a design requirement.

b. [MPR 10]] Etched surfaceshallbe processed within 24 hourswithin 1 year if
packagd per SAEAMS2491F.

The open end of the wisdhouldnot be exposed to the etchant.
4.2.4 Processes
4241 Heat Treatment

a. [MPR 107 Heat treatment of aluminum allsysed inspacéight hardware that
provides missiostritical functionsshallmeet theequirements of SABMS27725, Heat
Treatment of Aluminum Alloy Raw MateriglSAE AMS277(N, Heat Treatment of Wrought
Aluminum Alloy Parts or SAEAMS2771E, Heat Treatment of Aluminum Alloy Castings.

b. [MPR 103 Heat treatment oftselalloysused inspacé#light hardware that provides
missioncritical functionsshallmeet the requirements of SAEMS-H-6878, Heat Treatment of
Steel Raw Materials, or SAEMS275%, Heat Treatment of Steel Parts, General Requirements.

c. [MPR 104 Heat treatment of titanium alleysed inspacdight hardware that
provides missiostritical functionsshallmeet the requirements of SAMS-H-8120M, Heat

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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Treatment of Titanium and Titanium Alloys, for raw stock and SAE AMSB3Bleat
Treatment of Titanium Alloy Parts, for parts regpug heat treatment during fabrication.

d. [MPR 104 Heat treatment of nickeand cobaHlbased alloy partssed inspacéight
hardware that provides missianitical functionsshallmeet the requirements of SAE
AMS2774&, Heat Treatment, Wrought Nickel Alland Cobalt Alloy Parts, or SAE
AMS277FE, Heat Treatment, Cast Nickel Alloy and Cobalt Alloy Parts.

Care shouldbe taken in design of heat treantfixturing andin heat treamentproceduredor

nickel and cobaltbased alloy parts to avoid thetrodudion of excessive tensigressinconel

718 partshave failed through SAGBOE and stregpture from stresses induced by as little as

an abrupt change in part thickness combined w
furnace.

These AMS heat treaentspecifications require hardneasdor conductivity measurements to
verify the adequacy of the heat treatment prodessiany cases, hardness tests are inadequate
for spacecraft hardwareand testing of processontrol tensiletest coupons is requide

e. [MPR 106 Forspacdight hardware that provides misstanitical functions process
control tensiletest couponshallbe taken from the production part (or from the same material
lot, havingthe same thicknessand processed identically to the puation part) to verify the
adequacy of the heat treatment prodesshe following conditions:

(1) Aluminum alloysare ®lution heattreated

(2) High-strength steels (>200 ksi (1380 MPa) UTS), tool steels, and maraging steel
alloys are heatreatedo high strength levels

(3) A286 or MP35N alloys (which have poor correlation between hardness and
tensile strength) are heat treated

(4) Titanium alloys aranneat¢dor solution heat treatand agd

(5) Nickel- and cobaHbased alloys are work strengthenetbbe age hardening,
resulting in agéhardened tensile strengths greater than 1030 MPa (150 ksi) UTS

(6) Precipitation hardenable nickednd cobalbased Boys are solution heat treated

Note: Representative tensile test coupons are preferred over hardnesconductivity
measurements for aging of aluminum alloys.

f. [MPR 107] When pocesscontrol tensiletest couponare required,ite requirement
for thecouponsshallbe specified on the engineering drawing for the part.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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g. [MPR 10§ If no tensile values aravailable in MMPDS for a specific allotensile
testacceptance valuehallbe specified on the engineering drawing for the part

h. [MPR 109 Materiak shallnot be usedéh spacélight hardware that provides mission
critical functionsoutside the limit®f their procurement specification, heat treat specificaton,
MMPDS specification

Procurement specifications, heat treat specifications, and MMPDS all limit product size of metal
stock to ensure full consolidation of cast structure, product unifoyauity consistent
mechanical properties.

4.2.42  Forging

Because mechanical properties are optimum in the direction of material flow during forging,
forging techniqueshouldbe used thatwhenever possiblgroduce an internal graiflow

pattern such thiethe direction of flow is essentially parallel to the principal stresderging
techniques do not allow f@n internal grainflow pattern suchhatthe direction of the flows
parallel to the principal stresses, pagbouldbe designed such thate weakest grain flow
direction is not in line with the principal stress@e forging patterntouldbe essentially free
from re-entrant and sharply folded flow lines.

a. [MPR 110 Where forgings are used mmissioncritical applicationsfirst-article
(preproduction) approvalhallbe obtained fronthe procuring authority.

First article requirements apply to all forgings, including hand forging and spin forming. The
first article requirements may be waived for hand forging by review of the forging ptargth
the MUA process.

b. [MPR 117 Firstarticle approval and the controls to be exercised in producing
subsequent production forginglallbe in accordance witBAE AMS2375D, Control of
Forgings Requiring First Article Approval.

Mechanical propertieseding requirementsnay include fracture, durability, or damage
tolerance testing

c. [MPR 117 After the forging technique, including degree of working, is established,
the first production forginghallbe sectioned to show the grdiaw patterns and to detmine
mechanical properties at control areasl the trim ring/protrusiospecimens (prolongations).

d. [MPR 113 The mechanical properties$ thetrim ring/protrusion specimens
(prolongationsjor the first article shall be compared to the control couporsfiow they are
predictive of the properties in the body of the first article

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
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e. [MPR 114 Sectioring to show the grahflow patterns and to determine mechanical
properties at control areaballbe repeated after asybstantivechange in the forging
tecmique as determined by M&P analysis

The information gained from this effastutilized to redesigthe forging as necessary.

f. [MPR 115 Thesedata and results of tests on the redeslwallbe retained and made
available for review by the procuriragtivity.

0. [MPR 114 Trim ring or protrusiorspecimengprolongationsshallbe obtained for
eachproductionforging used in safetgritical applicationsand tested for required minimum
mechanical properties

h. [MPR 117] Surface and volumetrinondestructive inspectiorNDI) shallbe
performedon all safetycritical forgings

4243  Castings

a. [MPR 11§ Castingaused inspacdight hardware that provides missianitical
functionsshallmeet the requirements SAE AMS217%A (2010) Castings, Clagcation and
Inspection of.

b. [MPR 119 Wherecasings are used imissioncritical applicationspre-production
castingsshallbe subjected to firsdrticle inspection to verify proper material flow, proper
material integrity, minimum required mechanipabperties, proper grain size, and
macro/microstructure.

c. [MPR 120 The mechanical properties in trim ring/protrusion of the first article shall
be compared to the control coupons to show they are predictive of the properties in the body of
the first artide.

Mechanical properties testing requirements may include fracture, durability, or damage tolerance
testing.

d. [MPR 121] The same casting practice and keaating procedurshallbe used for the
production castings as for the approved {faricle castings.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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e. [MPR 127 For Class 1 and Class 2 castings (classes as defined bpABSEL175A (2010),
mechanical property testing of integrally cast or excised tensile bars at critical lochizbite
conducted to ensure foundry control of cast lots.

f. [MPR 123 Periodic cutups or functional testinghallbe conducted for Class 1 and Class 2
castings (classes as defined by SNES2175A (2010).

g. [MPR 124 Surface and volumetricondestructive inspectiaghall be performed on all
safetycritical castings.

4.2.4.4 Formed Panels

Barrel and gore panels with complex geometries and integral stiffeners are often formed by
processes such as roll forming, brake forming, peen forming, stretch forming, and explosive
forming and then heat treated. Theama&nical and thermal forming processes can result in
strength and toughness variations across the panel.

a. [MPR 125 Whereformed panelare used imissioncritical applicationspre-
productionpanelsshall be subjected to firstrticle inspection teerify proper material integrity,
minimum required mechanical properties, proper grain size, and macro/microstructure.

b. [MPR 126 The mechanical properties of the fibductionarticle shall be
compared to control coupons to show they are prediofitiee properties in the body of the first
article.

Mechanical propertiesesting requirementsay include fracture, durability, or damage
tolerance testing

c. [MPR 127 The saméorming practice and hedteating procedure shall be used for
the productiorformed panelsas for the approved firgrticle panels

d. [MPR 12§ Sectioring to determine mechanical properties at control ashaibe
repeated after argubstantive change in the fang techniqueas determined by M&P analysis

e. [MPR 129 Surfaceand volumetridNDI shallbe performean all safetycritical
formed panels

Given the complexities of some formed panels, volumetric NDI may be performed as a raw stock
inspection.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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4.2.45  Adhesive Bonding

a. [MPR 130 Structural adhesive bondirghpall meetMSFGSPEG445A, Adhesive
Bonding, Process and Inspection, Requiremints

The Operator Certification Plan and the Adhesive Control Plan may be described in the
implementing process specificationplace of submittal to NASA for approval

Retesting of adhesives used for production parts is not required if they are within shelf life

b. [MPR 131 Structural adhesive bonding processkallbe controlled to prevent
contamination that would cause structural failina could affect the safetyf the mission,
crew, or vehicle paffectmission success.

The sensitivity of structural adhesive bonds to contamination is of particular coBuerd.
sensitivity studieshouldbe conducted to veriyratthe required adhesive properties are
maintainedafter exposure to potential contaminant species and concentraéiods-process
cleanliness inspectiorshouldbe conducted as part of the bonding proc&digone
contaminations a particular concern because it severely degrades adhesive performance

c. [MPR 132 Bonded primary structural joinshalldemonstrate cohesive failure
modes in shear.

4246  Welding

The design selection of parent materials and weld metstoalddbe based on consideration of
the wetiments, including adjacent heaffected zones, as they affect operational capability of
the parts concernedPeaking and mismatch limits should be considered in the mechanical
properties.

Welding procedureshouldbe selected to provide the required weld quality, minimum weld
energy inputand protection of the heated metal from contamination.

The suitability of the equipment, processes, welding supplies, and supplementary treatments
selectecshouldbe demonstrated through qualification testing of welded specimens representing
the materiad and joint configuration of production parts.

Working with the responsible Technical Authority and NASA M&P organization,
Programs/Projects will assess if it is more beneficial to directly use welding specifications cited
in this section or develop alteatives. The requirements in this section provide compliance with
NASASTD-5006A, General Welding Requirements for Aerospace Materials. If the requirements
in this section are met, no further application of NASPD5006A is needed.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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a. [MPR 133 If alternative specifications to thos#ed in this sectioare utilized or
developed, those specifications shall meet the requirements of MABK006A, General
Welding Requirements for Aerospace Materials

Note: NASASTD5006A defines weld classes in terwisweld criticality (with Class A
representing safetgritical structural welds) and AWS D17.1/D17.1AMD 1defines weld
classes in terms of inspection requirements (with Class A representing the most stringent
nondestructive inspection requirements).

b. [MPR 134 Material Review Board dispositishallbe requiredor weld
repair/rework/processing activities that are inciccordance with the approved weld process
specification (WPS)

Examples include:

Wrong filler metal used

More than two attempigerformed at the same location on heathsitive materials

More than five attempts performed at the same location on materials that are not heat
sensitive

Repair weld required after the weldment has beenwe#d heat treated

Repair weld required aftdinal machining has been completed

Repair extends outside the original weld zone

Weldment has been direct aged

Repairs following proof or leak test

™ RS

c. [MPR 135] A weld development and certification plan shall be developed for large
structural weldd components suctsarew modules and welded cgenictanks.

This plan should include full scale pathfinder weldtsetooling development, anddasign
values program including sensitivity testing.

4.2.46.1 Fusion Welding

[MPR 136] The processingnd quality assurance requirements for manual, automatic, and
semiautomatic welding for spaceflight applicatidimat provide missioritical functionsshall
meetthe requirements AWS D17.¥D17.1M (2010)AMD 1 (2012) Specification for Fusion
Weldingfor Aerospace Applicationsvith the followingmodifications/additions

Note:AWS D17.1/D17.1NR010)AMD 1 (2012)definesweld classes in terms of inspection
requirements (with Class A representing the most stringent nondestructive inspection
requirements

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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a. [MPR 137 Mission-critical structural veldsshallcomply with AWS D17.1D17.1M
(2010)AMD 1 (2012) Class A requirements.

b. [MPR 13§ Other structural weldshallcomply with AWS D17.1D17.1M(2010)
AMD 1 (2012) Class A orClass B requirements.

c. [MPR 139 Non-critical welds (including seal weldshallcomply with AWS
D17.YD17.1M(2010)AMD 1 (2012) Class C requirements.

d. [MPR 14Q All Class A and Class B welds (including manual welds), as defined by
AWS D17.1D17.1M(2010)AMD 1 (2012) shallbe qualified in accordance wikiWS
D17.YD17.1M(2010)AMD 1 (2012)

AWS G2.4/G2.4Msuide for the Fusion Welding of Titanium and Titanium Allsysuld be
used for guidance on titanium welding.

e. [MPR 141] Titanium weldsshall be light/darlstraw or better (Ref. AWS
D17.1/D17.1M(2010)AMD 1 (2012) Table 7.1)

f. [MPR 142] Titanium and its alloys shall be welded with alayatching or
metallurgically compatible fillers or autogenously.

Ti-6Al-4V filler metal is considered to be metalligglly compatible with FTBAI-2.5V.

g. [MPR 143] Extralow interstitial (ELI) filler wires shall beised fortitanium
cryogenic applications and are preferred for general applications.

h. [MPR 144] Commerciallypure (CP) titanium filleshallnot be used oMi-6Al-4V or
other alloyed base material.

Hydride formation can occur in the weld, which can produce a brittle, catastrophic failure.

i. [MPR 145] Nitrogen, hydrogen, carbon dioxidend mixtures containing these gases
shallnot be used in wdlng titanium and its alloys.

Care needs to be exercised to ensure complete inert gas (argon or helium) coverage during
welding.

(1) [MPR 146] The inert gashall have a dew point e8(° C(-76° F) or lower.

j.  [MPR 147] Welded alpha and alphdug beta titanium alloys shall be stress relieved
in a vacuum or inert gas environment (Ar or He), or stress relieved in air with verification of

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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oxide removal per SAE AM&I-8120® or SAE AMS2801B, or certified in the asvelded
condition.

k. [MPR 148] Titanium beta alloys that are welded shall be evaluated on dyasse
basis with respect to stress relief.

Note: Sress relief of weldments does not require tensile test coupons.

I. [MPR 149 Laser weldindgor spacdight hardware that providanissioncritical
functionsshall comply withAWS D17.1/D17.1M2010)AMD 1 (2012)or AWS C7.4C7.4M
(2008) Process Specification and Operator Qualification for Laser Beam Welding.

m. [MPR 150 Electron beam weldinépr spacdight hardware that providawmission
critical functionsshall conply with AWS D17.1/D17.1M2010)AMD 1 (2012)or SAE
AMS268QC, ElectronBeam Welding for RtigueCritical Applications

Compliance with SAE AMS268@s preferred but compliance with AWS D17.1/D17 (PRI10)
AMD 1 (2012)s acceptable.

n. [MPR 151 The following welding practicegermitted by AWS D17.1/D17.1M
(2010)AMD 1 (2012)shallnot be used without an approved MUA to document the acceptance
rationale:

(1) Welding from both sides if full penetration of the first pessot verified (either
by inspection of the back side or by grinding prior to welding on the opposite
side).

(2) Partial weld penetration istructuralwelds.

(3) Straightening operation after welding.

(4) Lap welds instructuralapplications.

0. [MPR 152 The Welding Procedure Specification (WR&allinclude the following
content in addition to that required by AWS D1D17.1M (2010)AMD 1 (2012)

(1) Prequalified rework welds in accordance with AWS D1J17.1M (2010)AMD
1(2012)

(2) Testing and documentation of allowable parameter variations for automatic and
semiautomatic welds.

(3) Manual welding parameters.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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(4) An associated Procedure Qualification Record (PQR) with tension testing and
macreexaminatiorresultsas part bweld qualification requirements.

Qualification strength requiremenstiould be included in weld qualification test acceptance.
Qualification strength values are not the same as materials dealgas

4.2.4.62 Resistance Welding

[MPR 153] Resistane weldingfor spacélight hardware that provides misstanitical functions
includingresistance spot welding (RSYghall meet the requirementsAWS D17.2/D17.%1
(2013, Specification forResistance Weldinfpr Aerospaceé\pplications

4.2.46.3 Friction-Stir Welding of Aluminum Alloys

[MPR 154] Friction-stir welding of aluminum alloy$or spacdight hardware that provides
missioncritical functionsshallmeet the requirements AWS D17.3D17.3M (2016),
Specification for Friction Stir Welding of Alninum Alloys for Aerospace Applications
4.2.46.4 Inertia Welding

[MPR 155] Inertia weldingfor spacéight hardware that provides misskanitical functionsshall
meet the requirements of MiBTD-1252(1975) Inertia Friction Welding Process, Procedure
and Performance Qualification.

a. [MPR 156] Surface inspection (penetrant) and volumetric inspection (radiography)
shall be performed.

b. [MPR 157] All welds shallbe pgoof tesed

c. [MPR 158] Inertia welds used in fluid systersisallbe Felium leaktested.
Acceptable helium leak rates should be defined by the system.
4.2.47  Brazing

a. [MPR 159] Brazingfor spacélight hardware that provides missianitical functions

shallbe conducted in accordance with AWS C@808) Recommended Practices design,
Manufacture, anéExaminationof Critical Brazed Components.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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b. [MPR 160] Brazing of aluminum alloyor spacdight hardware that provides
missioncritical functionsshallmeet the requirements of AWS CBI/C3.7(2011) Specification
for Aluminum Brazing.

c. [MPR 161] Torch, induction, and fmace brazindor spacdight hardware that
provides missioftritical functionsshallmeet the requirements of AWS CBIAC3.4(2016),
Specification forTorch BrazingAWS C3.8M/C3.5 (2016), Specification foiinduction Bazing;
andAWS C3.6M/C3.62016) Specification foiFurnace Brazing, respectively.

d. [MPR 162 Subsequent fusiewelding operations in the vicinity of brazed joints or
other operations involving high temperatutiest might afect the brazed joirghallbe
prohibitedfor spacéight hardware that provides misstanitical functionsunless it can be
demonstrated that the fixturing, processes, methods, and/or procedures employed will preclude
degradation of the bradgoint.

e. [MPR 163] Brazed jointaused n spacdight hardware that provides missianitical
functionsshallbe designed for gar loading and not be relied upon for strength in axial loading
for structural parts.

f. [MPR 164] The shear strength of brazed jointed inspacdight hardware tha
provides missioftritical functionsshallbe evaluated in accordance with AWS Q3/23.2
(2008) Standard Method for Evaluating the Strength of Brazed Joints.

g. [MPR 165] For furnace brazing of complex configuratiaispacd#ight hardware
that provids missioRcritical functions such as heat exchangers and cold plates, destructive
testingshallbe conducted on preroducton brazed joints to verify that the braze layer that
extends beyond the fillet area is continuous and forms a uniform phase.

4.2.48  Structural Soldering
[MPR 166 Solderingshallnot be used for structural applications.
4.2.49  Electrical Discharge Machiningand Laser Machining

a. [MPR 167] Electricatdischarge machingn(EDM) and laser machining (LM)
processe$or spacélight hardvare that provides missiecritical functionsshallbe controlled to
limit the depth of the oxide layer, the recast layer, and thedifestted pne.

(1) [MPR 168] The oxide layeshallbe removed from the surface.

(2) [MPR 169] In addition, theecast layer and the healfected zoneshallbe
removed from bearingvear fatigueor fracturecritical surfaces, and from crack
or notchsensitive materials.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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The recast layer and heatfected zone may be left on a part if an engineering evalustiiows
that they are not of consequence to the required performance of the part.

b. [MPR 170] EDM/LM scheduledor spacéight hardware that provides mission
critical functionsshallbe qualified to determine the maximum thickness of the affected layers
when the deptbf the affected material must be known for removal or analysis.

4.2.410 Nickel Plating

a. [MPR 171] Electrodeposited nickel platirfgr spacdlight hardware that provides
missioncritical functionsshallbe applied according to thequiranents of SAEAMS2403\,
Plating, Nickel General PurpaseAE AMS242F, Plating, Nickel Hard Deposibr ASTM
B689-97, Standard Specification for Electroplated Engineering Nickel Coatings

b. [MPR 172 Electroles nickel platdor spacdight hardware that prades mission
critical functionsshallbe applied per SABMS2404G, Plating, Electroless Nickel, or ASTM
B733-15, Standard Specification for Autocatalytic (Electroless) Nidkebsphorus Coatings on
Metal.

c. [MPR 173 The nikel-aluminum interface imickelplated aluminunused in
spacéight hardware that provides misskanitical functionsshallbe protected from exposure to
corrosive environments.

Nickel and aluminum form a strong galvanic cell at the nigkeinum interface, and exposure
of thealuminum alloy to a corrosive environment can produce rapid disbonding of the nickel
plate.

4.2.411 Additive Manufacturing

Guidelines documestind standards for additive manufacturing are in development at this time.
The requirements ahis NASA Tehnical $andard on M&P controls, materials desigalues,
metallic and nonmetallimaterials and nondestructive inspection appdyhardware

manufactured by additive technigg@ust as they do for traditional manufacturing techniques.
For nonstructural nonmetallic 3D printed hardware, controllednd verifiedprocesses are
essentigl but other M&P aspects like flammaubility, toxic offgassing, and vacuum outgassing
also apply, just as for any other nonmetallic materia

[MPR 174 Whenstructural hardwares manufacturethy additive manufacturing techniques
manufacturing and qualification plahallbe submitted to NASAnd approved by the
responsible NASA M&Rand desigrorganizatios.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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Key aspects of producirgjructural metallic hardwardy additivemanufacturing techniques
such aglirect metallaser sintering (IMLS)andselective laser melting (SLMhcludeproper
development dtructural desigrvalues and controlled processeathough other requirements
such as stressorrosion resistance ancbrrosion contro) also apply Verification of
appropriate process control should include first article inspection to verify proper material
properties and macro/microstructure and mechanical property testing of integrally
manufactured specimens from e&anrdware unit.

4.2.5 Material Nondestructive Evaluation (NDE)
4.2.5.1 Nondestructive Evaluation NDE) Plan

a. [MPR 175] The NDE Plarshalladdress the process for establishment,
implementation, executioand control of NDE through design, manufacturiqggrationsand
maintenance afpacdight hardware.

b. [MPR 176] ThePlanshallmeet the intent of MItHDBK-687B, Nondestructive
Inspection Program Requiremeis Aircraft and Missile Materials and Parésd when
fracture control is applicabléhe regirements of NASASTD-5009, Nondestructive Evaluation
Requirements for Fractw@ritical Metallic Components.

In case of conflict between the requirements of the two standaedsquirements of NASA
STD5009 are applicabldt is expected that fracta-critical and safetycritical parts have

surface and volumetric inspections unless there is rationale that it is not necessary. The need for
internal (volumetric) inspection depends on the application and on materials characteristics

such as thicknessrqduct form, and other factors. Internal inspection requirements and methods
should be determined early in the design process so that proper flaw screening is accomplished.

c. [MPR 177] Qualification and certification of personnel involved in nondestructive
testingshallcomply with NAS 41(QRevision 4) NAS CertificationandQualification of
Nondestructive Test Personnel.

4.2.52  NDE Etching

a. [MPR 178] All machined or otherwise mechanically disturbed surfacesetallic
partsthatare to bdluorescentlye-penetrant inspectezhallbe adequately etched to assure
removal of smeared, masking material prior togieant applicationwith the following
exceptions:

(1) Previously etched parts do not need etching if the surface has natrbeared
since the lasetching.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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(2) When supporting rationale is provided, close tolerance parts may be machined
nearfinal and etched and penetrant inspected before final machining in lieu of
etching and penetrant inspecting after final machining

b. [MPR 179] The etching proedureshallspecify the minimum amount of material to
be removed to ensure that smeared metal does not mask cracks.

Minimum material removal requirements for fractiartical hardware are identified in NASA
STD50009.

c. [MPR 18Q] If etching is not fasible it shallbe demonstratetthatthe required flaw
size can be reliably detected.

4.2.6 Special Materials Requirements
4.2.61 Residual Stresses

Residual tensile stresses are induced into manufactured parts as a rdésutting), machining,
heattreating, welding, special metaémoval 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 environmeguscial corsiderationshouldbe given to

the possibility of high residual stresseattimight develop during ofiominal processinguch
asrepeated weld repairs in the same locatiBesidual stresseshouldbe controlled or

minimized during the fabrication sequeny special treatmentsuch as annealing and stress
relieving.Bending and forming of tubing (for example, stainless steel and titanium tubing) is
typically not stress relieved

a. [MPR 181] Estimates ofesidual stresses in structucalstresscorrosionsensitive
hardwareshall be considered structural analyses and cormsistresscorrosion assessments.

Residual stresses should be quantified by an appropriate technique (suchyadifkraction).

b. [MPR 182] The straightening of warped pantsstructural hardwarshallrequire an
approved MUA.

4.2.6.2 Sandwich Assemblies
Sructural sandwich assemblies using honeycomb or egedhcore constructions which are

exposed to asceaerodynamic heating and/or vacuum exposure may be either ventdob@ r
internal pressure, or nerented.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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a. [MPR 183 For vented sandwich architectures, the differential pressure on ascent
shall be adequately relieved to precludedore ace sheet bond | ine fApeel
could result in facesheet separatn.

Associated materiandprocess controls should demonstrate that production ektalle flight
articles produces venting performance that is both repeatable and reliable.

b. [MPR 184 Sandwich architectures that are not vented shall be capable of
withstanding pressure buildup without violating strength and stability requirements.

c. [MPR 185] Structural andwich assemblieshallbe designed to prevent the entrance
and entrapment of water vapor or other contaminants into the core structure.

d. [MPR 186] Structuralhoneycomb sandwich assemblies that will be subjected to
heatirg shallbe testedor the expected environments to shiatthe construction can withstand
them

e. [MPR 187] Sandwich assemblies usingrforated and moistwabsorbing coreshal
beprotected from water intrusion during assembly and prelaunch activities.

f. [MPR 188] Test methods fastructuralsandwich constructions and core materials
shallmeetthe requirements of SABEMS-STD-401(1999) Sandwich Constructions and Core
Materiak. General Test Methods.

Because the ability of NDE to detect coodace sheet bond line defects is limited, the potential
presence of defects makes it necessary to address both the static strength and cyclic loading
capability under combined loadingngronmentsSuch environments can include pressure,
temperature, and externally applied loads. Elevated temperatures from panel heating can soften
adhesives and cause failure.

Acceptance / proof testing of each flight article should address the cataathined loading
environment, including rapid decompression.

4.2.6.3 Corrosion Prevention and Control

[MPR 189 All parts, assemblies, and equipmased inspacéight hardware that provides
missioncritical functions including spareshallbe finishel to provide protection from
corrosion in accordance with the requirementslASA-STD-6012, Corrosion Protectioorf
Space Flight Hardwarevith the following exceptions:

a. SAEAMS2404G is permitted for electroless nickel plating as an alternativeStoM\
B73315.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.

APPROVED FOR PUBLIC RELEASE —DISTRIBUTION IS UNLIMITED

63 0of 155



NASA-STD-601a8

b. Titanium fasteners may be used in contact with graphite compqsitesded that
they are vet installedwith sealant or primer materials

4.2.6.3.1 Passivation

[MPR 190] Corrosionresistant steelgsed inspacélight hardware that prades missiorcritical
functionsshallbe passivated after machining.

4.2.6.3.2 Sealing

[MPR 191] Removable panels and access doors in exterior or interior corrosive environments
shallbe sealed either by mechanical seals or by separable, f&yifage saling.

426.4 Hydrogen Embrittlement

Hydrogen embrittlement through hydrogeretals interactions can be classified into three broad
categories: hydrogen environmental embrittlement (HEE), internal hydrogen embrittlement

(IHE), and hydrogen reactioambrittlement (HRE). In general, hydrogen environmental
embrittlement represents the condition where the materials are exposed tepdsghre

gaseous hydrogen environment. The hydrogen for internal hydrogen embrittlement is usually not
from a highpressure gaseous system, but from an electrochemical process such as
electroplating, corrosion, cathodic charging, and even from thermal charging. The hydrogen for
internal hydrogen embrittlement can also come from moisture and enter the metals during
welding,casting, and solidification processes from the foundry.

The hydrogen environmental embrittlement and internal hydrogen embrittlement effects are
similar in many instances and they both require an external applied stress in order for the
hydrogen embritement effects to occur. In contrast, hydrogen reaction embrittlement is usually
irreversible hydrogen damage caused by a chemical reaction with hydrogen and such damage
can occur without an external applied stress. This form of hydrogen damage camoccur i
materials such as titanium, zirconium, and some types of iron oftsieet! alloys.

Overall, hydrogen embrittlement of materials is not very well understood and only limited
materials property dathave beemgeneratedNASATM-2016218602 Hydrogen

Embrittlement provides a detailed description of hydrogen embrittlement mechanisms, a
comprehensive summary of existing hydrogen embrittlement data, and guidance on selection of
materials and control of processes to prevent hydrogen embrittlement. lbispaion

document to ANSI/AIAA-G95, Guide to Safety of Hydrogen and Hydrogen Systems.

a. [MPR 1] When csignng liquid or gaseous hydrogen systems, the degradation of
metallic materials properties by hydrogen embrittlenséiadl be addressei the Materialsand
Processes Selection, Control, and Implementation Plan

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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b. [MPR 18] An MUA shallbe written rationalizing the selection of metallic materials
for liquid or gaseous hydrogen systetmpreclude cracking and to ensure system reliability and
safety.

Test data may have to be generated in a simulated environment to support the rationale.

c. [MPR 19] Electrochemicaprocessesr exposure to acids or bases during
manufacturing or processimg spacéight hardware that provides misskanitical functions
shallbe controlled to prevent hydrogen embrittlementembrittlement relief treatment shall be
performed promptly aftgorocessing

(1) [MPR 1%] When acid cleaning baths or plating processes areamsstiel parts
for spacdight hardwarethat provides missioearitical functions the part shall be
baked in accordance with SAEVIS2759/D, Hydrogen Embrittlement Relief
(Baking) of Steel Parts, to alleviate potential hydrogen embrittlement problems.

4.2.6.5 Intermetallic Compounds

When joinng twoor moremetals together (solderingyire bonding, etc.), intermetallic

compounds can form that are problematic to the metal joint, leading to a weakened mechanical
or electrical connectiorProblems can arise from embrittlement, changes in demsity,

conductivity of thentermetallic compound. Goloshdium and goletin are two of the more

common systems that form intermetallic compounds that will degrade a metal joint.

4.2.6.5.1 Gold-Indium Intermetallic Formation

Indium reacts with gold to formsuccession of golothdium intermetallic compounds. The gold
indium intermetallic compounds occupy a volume approximately four times the original volume
of the consumed gold and are brittle. The original mechanical and thermal prop#rgekiare
degradel by this intermetallic reactiopossibly resulting imunreliable electrical

interconnectios. The goldindium intermetallic formatioprogressesignificantly even at room
temperature andcceleratest elevated temperatures.

[MPR 1%] Goldshallnot beused in contact with indium or an indium alloy (such as indium
solder) forspacdlight hardware that provides misskanitical functions.

4.2.6.5.2 Gold-Tin Intermetallic Formation
The combination of gold and tin is subject to two distinct degradatichanéesms: gold

embrittlement of tirbased solder joints and fretting corrosion of golmhted contacts when
mated with tin or tin alloycoated contacts.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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When tinbased solder is used to join ggdthted surfaces, the gold coatings will dissolve into
the final solder joint. If the concentration of gold in thelbiased solder joint exceeds
approximately 3 percent by weight, then a brittle giidintermetallic compound may form
within the joint that can impact the longrm reliability of the solder jait.

a. [MPR 197] When used with titbased solder joints in missiamitical hardware, gold
shallbe removed from at least @&rcentof the surface to be soldered of all component leads,
component terminations, and solder terminals.

A double tinning pcess or dynamic solder wave may be used for gold removal prior to
mounting the component on the assembly.

The combination of one gelmbated surface and one taoated or tiralloy-coated surface for
separable contact interfaces (e.g., electrical caoecontact pairs) is highly prone to fretting
corrosion, which can build up an electrically insulating-tiride film at the contact interface,
resulting in increased contact resistance.

b. [MPR 198] Gold-coated contactshallnot be mated with tin dmn alloy-coated
contacts for separable contact interfaces in missiiical hardware.

4.2.6.5.3 Gold-Aluminum Intermetallic Formation

An duminumrich intermetallicphasethe AuAd intermetalick nown as A Rwripd e Pl a
inherent (and nohecessaly harmful) to goldaluminum brazinghowever jf excessive heat is

applied too much of the intermetallic can form at the braze/part interface, causing joint failure.

A goldrich phasethe AuAlz intermetallick n own as A Whii tse aPinatg.de d
formationis catalyzed byikcon, so careshouldbe taken to keep the braze joint zone free of
contamination.

a. [MPR 19] Gold-aluminum brazing processes shall be controlled to minimize
formationof the AuAl: intermetallic knownaéd Pur pag@u &0 and prevent f or
AusAl; intermetallic knownaéd Whi t e Pl ague. O

PurplePlagueis asignificantproblem in microelectronic applications, becauseparple
plague forms, it reduces in volume. This creates cavities in the metal surrotimelimgrple
plague, which increases electrical resistance and structurally weakens the wire bahtitey.
plague is worse, becausehis low electrical conductivitgnd, f enough of it forms, the
resulting electrical resistance can cause a total failoiriéghe component.

b. [MPR 200 Gold-aluminumbondingprocesses shall be controlled to prevent the
formation oftheAuAl2int er met al | i ¢ known AwAlinfermetglic e Pl agu
known as AWhite Plague. 0

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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4.2.66  Fastenerlnstallation
4.2.66.1 Liquid Locking Compounds

[MPR 207] If a liquid-locking compound is used as a locking feature where rotational loosening
or disengagement would result in a critical or catastrophic hazard, gbaiseomply with the
design and quality requirements drest practices in NASATD-5020 Requirements for
Threaded Fastening Systems in Spaceflight Hardwantions 5.%nd7.6 and AppendixX.

4.2.66.2 Silver-Plated Fasteners

Silver reacts rapidly with atomic oxygen to generate a loose, friable, blag& that can cause
contamination and affect the operation of mechanisms.

[MPR 207 Silver-plated fastenershallnot be used in external applications where the silver
plating is directly exposed to atomic oxyden a period longer than 2 weeks

4.2.67 Contamination Control

Contamination, if not adequately anticipated and controlled, can result in loss of spacecratft,
performance degradatiomission degradation, and/or loss or injury of flight crew. Examples of
contamination sources and mechanismsuide:

1 Particulate and molecular contamination from both ground processing adloin
migration may degrade the performance of gdtievice, thermal control surfaces,
and solar arrays.

1 Particulate contamination accumulated during ground processirgeoerated
during operations may interfere with mechanisms, bearings, and seals; may plug or
restrict fluid orifices or filters; and may pose a hazard to the crew.

1 Particulate and nonvolatile residues pose an ignition hazard within systems
containing oxidzers such as oxygen or nitrogen tetroxide. Cleaning agents intended
to remove contaminants from these systems may leave reactive residues if not
adequately controlled and removed.

1 Microbial contamination within life support systems and ultrapure watdéesysmay
degrade these systems.

1 Control of terrestrial microbial contamination and extraterrestrial material may be

required in accordance with NASXocedural Requiremen{®PR) 8020.12 on
Planetary Protection Provisions for Robotic Extraterrestrial Noss.

a. [MPR 203] A ContaminationControl Plan shallbe generated in accordance with the
guidelines of ASTM E1548009) Standard Practice for Preparation of Aerospace
Contamination Control Plans.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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b. [MPR 204] The ContaminationControl Plan shallinclude catrols on contaminaticen
sensitive manufacturing processasch as adhesive bonding, controls on packaging for
shipment and storage, andbaeign object damage/debriB@D) prevention program.

c. [MPR 205] The FOD prevention prograstallbe establishetbr all ground
operations of mechanical and electrical systenspatdight hardwareincluding the design,
development, manufacturing, assembly, repair, processing, testimgenaamce, operation, and
checlout of the equipment to ensure the highestial level of cleanliness.

d. [MPR 206] The FOD prevention prograghallconform to NAS 41ZRevision 1)
Foreign Object Damage/Foreign Object Debris (F®Eevention

e. [MPR 207] Cleanliness levels fassemblyand subassemblgvel hardwareshallbe
identified on the engineering drawings.

4.2.6.8 Packaging

[MPR 208] Packagingshall protectspacé#ight hardwarefrom corrosion and contamination
during shipping and storage.

4.3  Verification

[MPR 209] Verification of compliance with the requiremertdf thisSNASA Technical Standard
shallconsist of the following stepas a minimum:

a. NASA approval of the contractor Materials and Processes SeleCbairol and
ImplementatiorPlan and other applicable materials data requirements docymgctias the
Contamination Control Plan and NDE Plan

b. Contractor M&P signature on engineering drawings to verify compliance with the
requirements of thislASA Technical Standardr the Materials and Processes Selection,
Control, andmplementatiorPlan

c. NASA audits of contractor M&P activities relating to hardware design and
manufacturing

d. Establishment and operation of thi&P control panelin accordance withextion
4.14 of thisNASA Technical $andard

e. NASA approval of MUAs

f. NASA appoval of MIULs.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
TechnicalStandard, as implemented by the approved Materials and Processes Selection, Control, and Implementation Plan.
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Additional aspects of the verification process should be documentedhtategals and
Processes Selectio@pntrol, andimplementatiorPlan.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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APPENDIX A

STANDARD MATER IALS AND PROCESSES REQUIREMENTS
FOR SPACECRAFT

REQUIREMENTS COMPLIANCE MATRIXWITH REQUIREMENTS
JUSTIFICATION S

A.1 PURPOSE

NASA-STD-6016A defines the minimum requirements for Materials and Processes (M&P) and
provides a general control specification for incorporation in NASA program/project hardware
procurements anchnical programs. Incorporating a general control specification provides
procedural requirements for programmatic and M&P oversight to ensure that the M&P minimum
requirements are implemented, controlled, and verified. These M&P minimum requirements are
derived mostly from a history of successful use by NASA and the aerospace industry of best
practices and lessons learned; their imposition better engoif@rmity, interoperabilitya high
likelihood of reliable hardware, and ultimately, mission success

The purpose of this appendix is to provide the justification for each of the mandatory minimum
requirements that are imposed by NASAD-6016A. Requi rement (fAshall 0)
contractually binding requirements that have to be implementéthair implementation

verified. In some cases, the justification is obvious in the requirement statement itself. In many
others, the justification results from prior failures or successes with a material or a material

process, i.e., lessons learned, aduhon a best practice. The section/paragraph numbers and

titles are also presented for easy reference. NAFB-6016A has a significant amount of

italicized text that provides additional requirememisited guidance and information in many of

the sectios.

(Note:Ent er tofdéseribed h e r e g wapplicabititg to thedpsogram or project; or
enteri Noo ihtemte i s to tailor, and enter how tai
column)

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirements of tRIKSA Technical $andard may be acceptable in the
actual hardware applications. MUAse requiredor all M&P that are technically acceptable but do not meet the regeirtsmf thilNASA
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Section Section Title NASA-STD-601@8 Requirement Statement Justification Applicable If No, Enter Rationale
(Yes or No)
1.2a Scope, Applicability [MPR 1] Programs shall apply these It is NASA policy to provide clear,
controls to program/project hardware. | concise, verifiable requirements fqg
processegyroducts, and
components; and it is NASA policy
to track and implement
requirements using requirements
management and configuration
management control processes.
1.2b Scope, Applicability [MPR 2] Programs shall be responsible | It is NASA policy to implement
for demonstrating compliaeowith these | and track requirements.
reguirements.
1.3a Scope, Tailoring [MPR 3] Tailoring of this NASA Requirements management
Technical St andar d processes require that M&P
Materials and Processes Selection, requirement modifications be
Control, and Implementation Plan for | tracked ad approved by
spedfic programs/projects shall be responsible and knowledgeable
formally documented as part of progran] M&P personnel and program
or project requirements and approved b organizations.
the responsible program/project NASA
M&P organization, the responsible
project/program, and the responsible
Technical Authority in accordance Wit
NPR 7120.5, NASA Space Flight
Program and Project Management
Requirements, or NPR 7120.8, NASA
Research and Technology Program anq
Project Management Requirements.
2.1.1 Applicable Documents, | [MPR 4] The latest issuances of cited | Current NASA Office of the Cleff
General documents shall apply unless specific | Engineer policy is to include this
versions are designated. statement in all NASA standards.
2.1.2 Applicable Documents, | [MPR 5] Nontuse of specifically Current NASA Office of the Chief

General

designated versions shall be approved

Engneer policy is to include this

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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Section Section Title NASA-STD-6016 Requirement Statement Justification Applicable If No, Enter Rationale
(Yes or No)
the responsible Technical Authority. statement in all NASA standards.
2.4.2 Applicable Documents, | [MPR 6] Conflict between this NASA Current NASA Office of the Chief
Order of Precedence | Technical Standard and other Engineer policy is to include this
requirements documents shall be resoly statement in all NASA standards.
by the responsible Technical Autlitgr
4a Requirements [MPR 7] Materials shall meet the wofst | Common sense requirement that
case usefulife requirements for the materials used in an application b
particular application. assessed for all of the
environmental extremes that the
materials will encounter during the
life cycle.
ab Requirements [MPR 8] M&P used in interfacing GSE, | Ensurespaceflight hardwarwiill
test equipment, hardware processing | not be damaged or contaminated
equipment, hardware paafiing, and GSE, test equipment, or other M&]
hardware shipment shall be controlled t{ that comes in contact with the
prevent damage to or contamination of | spaceflighthardware
spaceflight hardware
4.1.1a Materials and Processe|{ [MPR 9] Each organization that is The Materials and Processes
Selection, Control, and | responsible for the design and fabricati¢ Selection, Control, and
Implementation Plan of spaceflight hardware shall provide a | Implementation Plan represents a
Materials and Processes Selection, best practice for implementing,
Control, and Irplementation Plan. controlling, and verifying that the
M&P requirements of this NASA
Technical Standard are imposed
and tracked through the
program/project/element life cycle
4.1.1b Materials and Processe] [MPR 10]The Materials and Processes| The Materials and Processes

Selection, Control, and
Implementation Plan

Selection, Control, and Implementation
Plan shall also describe the methods ug
to control compliance ith these
requirements by subcontractors and
vendors.

Selection, Control, and
Implementation Plan needs to
provide to NASA insight into how
the M&P requirements are impose
and controlled at the subcontracto

and vendor level.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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Section

Section Title

NASA-STD-6016 Requirement Statement

Justification

Applicable
(Yes or No)

If No, Enter Rationale

41.1c

Materials and Processe|
Selection, Control, and
Implementation Plan

[MPR 11]Upon approval by the
procuring activity, the Materials and
Processes Selection, Control, and
Implementation Plan shall become the
M&P implementation document used fo
verification.

Since the Materials and Processe
Selection, Control, and
Implementation Plan contains the
details of how a company
implements and controls the
requirements imposed by this
NASA Technical Standard, it
follows that the Plan is the
document to besed to verify that
the requirements have been met.

41.1.1

Coordination, Approval,
and Tracking

[MPR 12] The Materials and Processes
Selection, Control, and Implementation
Plan shall identify the method of
coordinating, approving, and tracking al
enghneering drawings, engineering orde
and other documents that establish or
modify materials and/or processes usag

A process needs to be in place for
coordinating, approving, and
tracking all M&P usage and M&P
changes. The Materials and
Processes Seleati, Control, and
Implementation Plan is the logical
place for such a process to be
identified.

41.1.2

Approval Signature

[MPR 13]The Materials and Processes
Selection, Control, and Implementation
Plan shall include a requirement that all
hardware degh drawings and revisions
for spaceflight hardwarthat provides
missioncritical functions contain an
M&P approval block, or equivalent, to
ensure that the design has been review|
by the responsible M&P authority and
complies with that document.

The M&P signature block on
spaceflight hardwardrawings
ensures that M&P called out on
drawings, and changes thereto,
have been approved by M&P
knowledgeable personnel.

41.1.3

Manufacturing Planning

[MPR 14]The Materials and Processes
Selection, Control, anbmplementation
Plan shall identify how the responsible
M&P organization participates in

manufacturing and inspection/verificatig

M&P expertise is required in the
selection and processing of
materials dring manufacturing.
How that expertise is applied and

utilized needs to be described in

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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Section Section Title NASA-STD-6016 Requirement Statement Justification Applicable If No, Enter Rationale
(Yes or No)
planning to ensure compliance with M&| Materials and Processes Selectio
reguirements. Control, and Implementation Plan

4.1.2a M&P Controls [MPR 15]All M&P for spaceflight Manufacturingspaceflight
hardwarethat provides missicuritical hardwareto consensus,
functions shall be defined by standards| Government, or company M&P
and specifications selected from standards and specifications ensu
government, industry, and company reliable, repeatable, and trackable
specifications and standards. processes argbaceflight hardware

Manufacturingspaceflight
hardwareto standards and
specifications has been a mandat
practice for a long time.

4.1.2 M&P Controls [MPR 16] All M&P for spaceflight Identifying all M&P directly on the
hardwarethat provdes missiorcritical drawing ensures that the M&P
functions shall be identified directly on | usage has been reviewed and
the appropriate engineering drawing. | approved. It also ensures that

manufacturing follows the corce
M&P processes, and that hardwa
built to print is repeatable.

41.% M&P Controls [MPR 17]Company M&P specifications| Ensuresthat NAS 6 s over
shall be identified by document number| responsibility has complete insigh
in the Materials and Processes Selectig| into all of the M&P that will be
Control, and Implementation Plan. used to manufacture tispaceflight

hardware

4.1.2d M&P Controls [MPR 18] All M&P specificationsusedtq NASA6s oversigh
producespaceflight hardwarthat approving and verifying M&P
provides missiostritical fundions shall | usage on missiearitical
be made available to the responsible spaceflight hardwareequires that
NASA Program or Project Office and | all standards and specifications bg
M&P organization. avalable for review.

4.1.2 M&P Controls [MPR 19]Process specifications for Necessary to ensure a consistent

spaceflight hardwarthat provides

missioncritical functions shall define

and reliable product.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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Section Section Title NASA-STD-6016 Requirement Statement Justification Applicable If No, Enter Rationale
(Yes or No)
process steps at a level of detail that
ensures a repeatable/controlled proces:
that produces a consisteand reliable
product.
4.1.2f M&P Controls [MPR 20]Process qualification shall be | Necessary to ensure a consistent
conducted to demonstrate the and reliable product.
repeatability of all processes for
spaceflight hardwarthat provides
missioncritical functions where the
quality of the product cannot be directly
verified by subsequent monitoring or
measurement.
4.1.2.1 Standard and [MPR 21] A process shall be estadiied | The use of new material or materi
Specification for ensuring that updated, alternate, or | process standards or specification
Obsolescence new material or process standards or | in ongoing programs requires that
specifications from those identified in th| the changes be reviewed and
Materials and Processes Selection, approved by the M&P and prograi
Control, and Implementation Plan meet| authorities. A process for enéuy
exceed the technical requirements such a review and approval occur
identified in the diginal material or needs to be identified in the
process standards or specifications. Materials and Processes Selectiol
Control, and Implementation Plan
Also, engineering drawings do not
call out company specifications by
revision; so changes to such
specifications can &dct the
repeatability of hardware built to
print.
4.1.3 Commercial OffThe- [MPR 22] A procedure shall be COTS hardware can present or

Shelf (COTS) Hardware

established to ensure that all vendor
designed, ofthe-shelf, and vender
furnished items are covered by the M&H

requirement®f this document, with the

contain unknown hazards unless
M&P used to manufacture such
hardware meets the requirements

this NASA Technical Standard, or

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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Section Section Title NASA-STD-6016 Requirement Statement Justification Applicable If No, Enter Rationale
(Yes or No)
exception that M&P requirements for off the COTS M&P usagesireviewed
the-shelf hardware and othspaceflight | and approved by the responsible
hardwarethat do not provide missien NASA M&P and program
critical functionsmay be limited to those| authorities. A process needs to be
required to ensure safety of flight (for | established to ensure that COTS
example, flammability, tox offgassing) | hardware is properly reviewed.
and vehicle compatibility (for example,
vacuum outgassing).

4.1.4 M&P Control Panel [MPR 23] An M&P control panel shall bg Each hardware provider needs to
established by eaawontra¢or hardware | establish a material control panel
provider (excluding subcontractors). provide quick M&P expertise,

review, and approval for hardware
manufacturing problems and M&P
changes. In addition, the panel
provides he NASA M&P oversight
responsibility with insight into
company M&P implementation an
control issues.

4.1.50 M&P Control Panel [MPR24]The M&P cont r ¢ The NASA M&P oversight
scope and membership shall be descrij responsibility requires
in the Materials and Processes Selectio] understanding of who and how the
Control, a Implementation Plan. contractor implements and control

requirements.

4.1.5 M&P Usage [MPR 25]M&P usage shall be The MIUL is a best practice that

Documentation documented in an electronic, searchabl{ has a long history of use in NASA

parts list or separate electronic searchalt
Materials Identification and Usage List
(MIUL) with the following exceptions:

(1) Electrical, electronic, and
electromechanical (EEE) parts
other than wire, cable, and

exposed surfaces of connectors.

that provides a quick, reliable, ang
easy review process for tracking
and verifying M&Pusage for both
NASA and the contractors.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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Section Section Title NASA-STD-6016 Requirement Statement Justification Applicable If No, Enter Rationale
(Yes or No)
(2) Materals used in hermetically
sealed electronic containers
(maximum leak rate less than 1
10* cm/sec).
4.1.5b M&P Usage [MPR 26] The documentation of M&P | Common sense requirement that {
Documentation usage shall cover the final design as end product reflects the actual
delivered. M&P utilized in the agbuilt
hardware
(including M&P changes resulting
from repairs to nonconforming
hardware).
4.1.% M&P Usage [MPR 27] The documentation approach| Ensures doumentation of M&P
Documentation shall be defined in the Materials and usage and allows organizations tg
Processes Selection, Control, and use their own documentation
Implementation Plan. system.
4.1.6 Material Usage [MPR 28]MUAs containing sufficient The MUA processs a long used
Agreements (MUAS) information to demonstrate that the NASA M&P best practice that
application is acceptabghall be enables acceptance of materials g
submittedby theresponsible M&P material processes that do not me
organizatiorfor all M&P that are the requirements of this NASA
technically acceptable but do not meet { Technical Standard but, through ti
requirements of this NASA Technical MUA review process, are
Standard, as implemented by the determined to be acceptable. The
approved Materials and Processes MUA process also vides the
Selection, Control, and Implementation | benefit of satisfactorily resolving
Plan. designnon-conformances at the
engineering level as opposed to tk
program level.
4.1.60 Material Usage [MPR 29]MUAs shall not be used to The purpose of the MUA process

Agreements (MUAS)

change the M&P requirements for a

nonconforming poduct.

to justify the acceptance of specifi

material or material process desig

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.

APPROVED FOR PUBLIC RELEASE —DISTRIBUTION IS UNLIMITED

77 0of 155




NASA-STD-601a8

Section Section Title NASA-STD-6016 Requirement Statement Justification Applicable If No, Enter Rationale
(Yes or No)
non-conformances, not the
acceptance of a nonconforming
product.
4.1.7a Materials Certification | [MPR 30]All parts or mé&erials for Ensures that consistent and reliab
and Traceability spaceflight hardwarthat provides materials are used Bpaceflight
missioncritical functions shall be hamdwareand further ensures that
certified as to composition, properties, | materials and their properties can
and requirements as identified by the | be repeated from program to
procuring document. program and from company to
company.
4.1.0 Materials Certification | [MPR 31]With the exception of ofthe- M&P traceability to the end item o
and Traceability shelf parts, parts and materialedsn critical parts ensures that each
critical applications, such as l#enited processing step was accomplishe
materials and/or safetynd fracture and that a processing record exist
critical parts, shall be traceable through| which often aids in understanding
all processing steps defined in the problem or failure.
engineering drawing to the esitgém
application.
4.1.7c Materials Certification | [MPR 32]Distributors or other processo| Required to control procurement @
and Traceability shall notheat treat, hot work, or cold raw metallic materials. The
work metal stock unless they take the | processing changes the material
responsibilities as the producer of the | properties ad invalidates the
metal and produce a new certification. |or i gi n al vendor
4.1.8.1 Requirements for [MPR 33]A, B, or Sbasis statistical To ensure structural integrity of
Design Values valuesfor mechanical properties of spacecraft parts and structures,
materials shall be utilized for the design| materials with statistically based
and analysis of hardware for all minimum mechanical properties a
applicatiors where structural analysis is| required.
required.
4.1.8.b Requirements for [MPR 34] The sampling foother Needed to ensure design values fi

Design Values

mechanical properties, such as dynami
properties like fatigue and fractyrend

verification of design valueshall be

other required nmehanical
propertiesare representative of the

material, product form, and state

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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representative of the material, product | used in the design.
form, and state used in the design.
4.18.k Requirements for [MPR 35]A, B, or Shasis statistical The handbooks imposed here hay
Design Values methods shall be defined by, andvaluel ong been NASA®
for mechanical properties in thelesign |aer ospace i ndus
environment taken from MMPDS, and reliable sowes of statistically
Metallic Materials Properties derived mechanical design
Development and Standardization, or | properties. MMPDS is the
SAE CMH-17, Composite Materials replacement for the old MH-
Handbook. HDBK-5 and SAE CMHL7 is the
replacement for the old MH
HDBK-17. SAE CMH17-5 is
scheduled for publication in 2017
and MIL-HDBK-17-5 remains
active untilit is released.
4.1.84d Requirements for [MPR 36] For metallic materials, the Since the testing to develop desig
Design Values alloy, heat treatment, product values is specific to alloy, heat
specification, product form, and thickney treatment, specification and form,
shall match the alloy, heat treatment, | the statistical relationship is
product specification, produfirm, and | relevant only to that same
thickness in MMPDS. combination. Thickness affects
strength of metal because of
metallurgical faatrs that influence
strength, like heat transfer during
heat treatment and variability of
reduction during metal working.
This requirement is stated in
MMPDS but frequently ignored.
4.1.8.k Requirements for [MPR 37]When statistical degh values | The statisticemethods used in

Design Values

for new or existing structural materials
are not available, they shall be determir

by methods described in MMPDS or SA

these handbooks are the NASA
and aerospace industagcepted

standard for determining

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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CMH-17 and a report documenting the | mechanical design properties.
derivation of the new design values be
made available to NASA for review.
4.1.8.1% Requirements for [MPR 38] The implementation of an Not all materials, product forms,
Design Values approach for generating statistical desig and size are available in the cited
values that deviates from the sampling | handbooks. Development of desid
methodology and statistical methods in| valuesby the analytical methods
MMPDS or SAE CMH17 and the use off described in MMPDS or SAE
design values that deviate from those | CMH-17 is sometimes
published in MMPDS or SAE CMH7 prohibitively expensive for the
shall be approved with an MUA. application. When the test approa
deviates from the published value
in MMPDS orthe guidance in SAE|
CMH-17, the MUA review process
by responsible and competent M&
engineering personnel assures th:
acceptable minimum design
properties will be derived and
verified.
4.1.8.19 Requirements for [MPR 39]All contractordeweloped NASA needs to have the capabilit
Design Values mechanical and physical property data | to verify that contractedeveloped
shall bemade available to the responsib| mechanical and physical property
NASA M&P organization. data have been developed
adequately and dermine when an
MUA is required per 4.1.8.1 g.
NASA recognizes that such data
may be proprietary and that the
contractor can place limitations on
how the data are made available.
4184 Design Value [MPR 40]Ma t e r idaspnvaluBsd fi B design valuesre designed for

Implementation in
Design

shall not be used except in redundant
structure in which the failure of a

component would result in a safe

use in redundant structure. They
have dess statistically significant

minimum desigrvaluet han A

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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redistribution of applied loads to other | design valueand are, therefore,
load-carrying members. less reliable and not to be used in
single load path critical structure.
418D Design Value [MPR 41] Minimum property acceptance Not all materials, product forms,
Implementation in values in material specifications and sizes are available in the citec
Design (specification minimums) not explicitly | handbooks. In soe cases,
published as @S0 d specification minimumsdi S 0
MMPDS shall require an approved MU/ design valuepublished in other
for use as design values. sources are not properly derived i
accordance with MMPDS.
Therefore, the MUA review proces
by responsible and competent M&
engineering personnel assures th:
acceptable minimum digm
properties will be derived and
verified.
4.1.8.3 Structural Fastener [MPR 42] Structural fastener design MMPDS design values are not
Design Values values shall be defined by minimum loa| transferrable to fasteners, becaus
test requirements in the applicable part| raw material used to make fasteng
and/or procurement specification is reprocessed using various
(government, aeispace industry metallurgical practices, such as hg
consensus, compaispecific, or custom | heading, thread rlihg, and heat
specification). treating. These processes changg
the strength of the metal from the
original bar stock. NASA has
chosen to adopt lot tested design
strength defined in the specific
fastener part and procurement
specifications as the design value
instead othe certifications of the
original bar stock.
42.1 Flammability, [MPR 43]Materials shall meet the Ensures that the NAS£equired

Offgassing, and

requirements of NASASTD-6001B,

tests and evaluations of materials

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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Compatibility Flammability, Offgassing, and for flammability, offgassing, and
Requirements Compatibility Requirements and Test | compatibility are imposed.
Proceduresas described below.
4211 Flammability Control [MPR 44]Materials that are The lessons learned from the

nonflammable or seléxtinguishing in
their useconfiguration as defined by
NASA-STD-6001B, Test 1 or an
appropriate configurational flammability
test per NASASTD-6001B, shall be useq
for flammability control with the
following exceptions:

a. Ceramics, metal oxides, and
inorganic glasses are exempt.

b. Materials that are designed to
ignite and burn in their use application
(for example, pyrotechnic materials) arg
exempted from flammability
requirements, provided that
systems/experiments using such materi
are designed so that the burning materi
cannot act as an ignition source for othg
hardware.

c. Materials used in minor quantities|
(dimensions controlled so the potential
fire propagation path is less than 15 line
cm (6 linear in) and the surface area is
more than 80 cA(12 square in)) icrew
environments and 30 linear cm (12 lineg
in) for external materials) with no
propagation path or ignition source.

Apollo 1 fire regarding the @sof
flammable materials in an oxygen
rich environment makes it
mandatory that special control anc
testing be exercised by M&P
engineering to ensure that

flammable materials are minimize
and controlled in spacecraft
environments.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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d. Materials used in sealed containe
are exempt because insufficient oxygen
available to maintain combustion.

e. Materials withinvented electronics|
packages with metallic cases and no
forced air convection are exempt becau
of the selfextinguishing effect of
expanding combustion gases in a
constrained volume.

f. Materials that have been shown b
test to meet the requirements cASIA-
STD-6001B may be used in an
environment with an oxygen
concentration lower than the test level
without further testing (provided that the
oxygen partial pressure is no greater th
the partial pressure at the test level or
general test data exist tordenstrate that
the higher oxygen partial pressure is
outweighed by the lower percentage
concentration for the environments in
question).

g. Materials are acceptable when ug
on a metal substrate that provides an
adequate heat sink. A heat sink is
consideed adequate in the use
configuration by test or analysis. When
testing is conducted, materials passing
flammability test on a metal substrate a
acceptable on metal substrates of the
same thickness or greater. Materials thd

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,
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are flammable but havethickness less
than 0.25 mm (0.010 in) and are attachg
to a metallic surface greater than 1.6 m
(0.062 in) thick are acceptable by
analysis.
h. Materials are unexposed,
overcoated with a verified firblocking
material, or no more than 1/4 inch thick
ard sandwiched between nonflammable
materials with only the edges exposed.
i. Flammability configuration
analysis in accordance with JSC 29353
shows hardware configuration to be sel
extinguishing.
4.2.1.2a | Toxic Offgassing [MPR 45]All nonmetallic materials used All materials offgas small
in habitable flight compartments, with th quantities of trace gas
exception of ceramics, metal oxides, contaminants. Materials that relea
inorganic glasses, and materials used i toxic gases must be controlled in
sealed container (maximum leak rate le| closed spacecraftabitable
than 1 x 16 cm?/sec), shall meet the compartments. The required testin
offgassimy requirements of Test 7 of ensures that the materiaised are
NASA-STD-6001B. safe from a toxicity standpoint.
421D Toxic Offgassing [MPR 46] Spacecraft maximum allowabl| Industrial maximum concentration

concentration (SMAC) values shall be
obtained from JSC 20584, Spacecraft
Maximum Allowable Concentrations for
Airborne Contaminants, or from MARS
for compounds for which no SMAC
values are found in JSC 20584.

of airborne contaminants are baseg
on an 8hour workday exposure an
are not appropriate for the
continuous exposure that applies
spacecraft environmentfhe
SMAC values in JSC 20584 are s

by the NASA/JSC Toxicology

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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Group in cooperation with the
National Research Council
Committee on Toxicology.
Supplementary values in MAPTIS
are set by the NASA/JSC
Toxicology Group only for
evaluation of offgassing tedata.
42.13& Fluid Compatibility [MPR 47] Materials exposed to hazardo| Obviously, it is necessary to ensu
(Fluids Other Than fluids shall be evaluated or tested for | that materials are compatible with
Oxygen) compatibility. the hazardous fluidsith which
they are in contact or will come in
contact.
4.2.1.> Fluid Compatibility [MPR 48] Appropriate longterm tests to | Since some incompatible
(Fluids Other Than simulate the worstase use environment| material/fluid combinations only
Oxygen) that would enhance reactions or manifest themselves after lotgrm
degradation shall be conductfedl exposure, it is necessary to condu
materials with longerm exposure to long-term exposure testing.
liquid fuels, oxidizers, and other
hazardous liquids.
4212 Fluid Compatibility [MPR 49]Materials degradation in long | To determine in longor shortterm
(Fluids Other Than term tests shall be characterized by pog tests if material degradation has
Oxygen) test analyses of the material and fluid tq occurred, postest analyses must b
determine the extent of changes in performed to determine, e.g., if
chemical and physical characteristics, | mechanical properties have
including mechanical properties. changed or if unacceptable levels
the test material va been
dissolved into the test fluid.
4.2.1.3 Fluid Compatibility [MPR 50] The effect of material It has long been known that a

(Fluids Other Than
Oxygen)

condition (for example, parent versus
weld metal or heaaffected zone) shall bg
addressed in the compatibility
determination.

material s cond
weld, its heatffected zone, and th
parent metal, can have significant
different outcomes in

corrosion/compatibility testing

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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which needs to be addressed whe
determining compatibility andreg
necessary testing.
4.2.1.3e | Fluid Compatibility [MPR 210 Materials used in nitrogen Nitrogen tetroxide is a powerful
(Fluids Other Than tetroxide systems shall be evaluated forl oxidizer, and flight hardware
Oxygen) flammability in nitrogen tetroxide using | failures have been caused by
promoted combustion tests similar to | ignition of metallic materials
NASA-STD-6001B, Tet17, for metallic | (notably titanium).
materials used in oxygen systems and
Test 1 for polymeric materials.
4.2.1.31) Fluid Compdibility [MPR 211] When materials are The rigorous Oxygen Compatibilit
(Fluids Other Than determined to be flammable, a nitrogen| Assessment (OCA) methodology
Oxygen) tetroxide compatibility assessment shall described in NASASTD-6001 for
be conductedsing the methodology evaluating potential materials
described for oxygen systems in NASA| ignition in oxygen systems is also
STD-6001Band the system safety the most effective methodology fo
rationde of this assessment documente( evaluating ignitbn in nitrogen
in an MUA. tetroxide systems.
4213 Fluid Compatibility [MPR 212 Materials used in other The possibility of similar ignition
(Fluids Other Than oxidizer systems shall be evaluated for | issues occurring in systems
Oxygen) potential ignition. contaning oxidizers other than
oxygen and nitrogen tetroxide
needs to be addressed.
4.2.1.4 Oxygen Compatibility | [MPR 51]Materials and components, arl Because of the highly reactive
systems used in liquid oxygen (LOX) an nature of oxygen with metals and
gaseous oxygen (GOX) environments, | honmetals, it is necessary that all
compressed air systems, amdgsurized | materials that are in contactittvor
systems containing enriched oxygen sh| will come in contact with oxygen
be evaluated for oxygen compatibility in. must be evaluated for compatibilit
accordance with NASATD-6001B. with oxygen. NASASTD-6001B
governs how such evaluation is to
be accomplished.
4215 Oxygen Compatibility | [MPR 52]When materials in such Materials are commonly found to

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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systems ardetermined to be flammédy | be flammable in standard
an oxygen compatibility assessment shy flammability tests but can often be
be conducted as described in NASA found not to be a flammability
STD-6001B and the system safety hazard in their use configuration.
rationale of this assessment documentg Such a determination is made by
in an MUA. conducting an oxygen compatibilit
assessment and documenting the
acceptance rationale in an MUA.
4.2.1.4.1 | Oxygen Component [MPR 53]GOX ard enriched air system | Ensures that material surfaces thg
Acceptance Test components that operate at pressures | can react with oxygen at relatively
above 1.83 MPa (265 psia), with the high pressures have been
exception of metallic components, such| thoroughly exposed and
hard lines (rigid metallic tubing), metalli¢ conditioned to the system oxygen
flex hoses, metallic fluid fitting with all | pressure and will be nonreactive t¢
metal seals, and metallic psese vessels| oxygen during use.
(including composite overwrapped
pressure vessels with metallic liners),
shall undergo oxygen corapent
acceptance testing at maximum design
pressure for a minimum of ten cycles
from ambient pressure to maximum
design pressure within 100 miléconds
to ensure that all oxygen system
spaceflight hardwaris exposed to
oxygen prior to launch.
4.2.1.5a | Electrical Wire [MPR 54]Electrical wire insulation The lessons learndtbm the

Insulation Materials

materials shall be evaluated for
flammability in accordance with NASA
STD-6001B, Test 4 or Test 1.

Apollo 1 fire and the Apollo 13
oxygen tank explosion make it
imperative that the flammability of
wire insulation be evaluated.
NASA-STD-6001specifeshow to
conduct such tests.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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4.21.% Electrical Wire [MPR 55] Arc trackng shall be evaluateq Since arc @cking is a problem thal
Insulation Materials in accordance with NAS/ATD-6001B, is due to a bre
Test 18, for all wire insulation insulating material that results in
constructions except uncontrolled arcing to other wires
polytetrafluoroethylene (PTFE), and components, it is hecessary t
PTFE/polyimide insulation conforming t{ test wire insulating materials for
SAE AS22759C, Wire, Electrical, their susceptibility to arc tracking.
Fluoropolymerinsulated, Copper or
Coppe Alloy, and used in conditions
bounded by the dry atttacking test
specified by SAE AS22759C, ethylene
tetrafluoroethylene (ETFE), and silicane
insulated wires (the resistance of these
materials to arc tracking has already be
established).
422 Metals [MPR 56]MSFG-STD-3029A, Stress corrosion cracking in

Guidelines for the Selection of Metallic
Materiak 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 seaand air environments, with the
exception that an MUA is not required f
the following conditions:

a. Parts in electrical/electronic
assemblies with maximum tensile stress
less than 50 percent of the yield strengt

b. Martensitic or precipitation
hardaning (PH) stainless steels used in
ball bearing or similar applications wher

the loading is compressive.

seacoast and air environments is
potential problem for the high
strength alloys typically uskin
spacecraft structures. MSFETD-
3029 provides data on the stress
corrosion sensitivity of most
structural alloys and contains
requirements to eliminate the
potential for stressorrosion
cracking when stressorrosion
sensitive materials are used. The
standard also contains test metho
for evaluating stressorrosion
sensitivity of alloys without
existing data and defines stress
corrosion cracking threshold value
for many of the alloys used in

spacecraft structures.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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c. Carbon and low alloy high
strength steels with strength greater tha
1240 MPa (180 ksi) used in ball bearing
springs, or similar applications whe the
loading is compressive and there is a
history of satisfactory performance.
d. Hardware provides no mission
critical functions
4.2.2.1 Aluminum [MPR 57] The $00-series alloys Under certain conditions, an

containing more than 3 percent intergranular aluminurmagnesium
magnesium shall not be used in grainboundary precipitate can
spaceflight hardwarthat provides occur rendering such alloys
missioncritical functions where the susceptible to exfoliation corrosiot
temperature exceeds 66 °C (150 °F). | or stress corrosion.

4.2.2.2.1a | Drilling and Grinding of | [MPR 58] When drilling, grinding, A well-known lesson learned is th

High-Strength Steel reaming, or machining is performed on | some metal removal processes,

high-strengthsteels that can form particularly aggressive onasause
martensite and are usedspaceflight surface overheating in higstrength
hardwarethat provides missicaritical steels that produces the undesiral
functions, a validated process for crackprone condition of
machining shall be used. untempered martensite.

4.2.2.2.b | Drilling and Grinding of | [MPR 59] The absence of machining Tests and examinations cited are

High Strength Steel

damage for higtstrength steels uden
spaceflight hardwarthat provides
missioncritical functions shall be verifieq
by microexamination of production part
(such ad\ital etch inspection) or by a
microhardness and metallurgical
examination of sample parts for either g
the following sitiations:

best practices for identifying the
presence of untempered martensi

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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Justification

Applicable
(Yes or No)

If No, Enter Rationale

(1) When the material has very low
toughness (such as martensitic
steel above 200 ksi) and the part
has low stress margins or is
fatigue driven.

(2) When the surface condition of th
part is critical to the design (such
as its ability to withstad hertzian
stresses or remain perfectly flat)

42222

CorrosionResistant
Steel

[MPR 60]Unstabilized, austenitic steels
shall not begprocessedroused above 371
°C

(700 °F) inspaceflight hardwarthat
provides missioftritical functions.

Eliminates the potential of a
corrosionsusceptible condition dug
to grain boundary precipitation of
chromium carbide.

42225D

CorrosionResistant
Steel

[MPR 61]Welded assemblies used in
spaceflight hardwarthat provides
missioncritical functions shall be
solution heatreated and quenched after,
welding except for the stabilized or low
carbon grades, such as 321, 347, 316L
and 304L.

Eliminates the potdial of a
corrosionsusceptible condition of
weld heataffected zone grain
boundary precipitation of
chromium carbide.

42222

CorrosionResistant
Steel

[MPR 62] Servicerelated corrosion
issues are common for freeachining
alloys, such a803, andhese alloys shall
not be used in spaceflight hardware thal
provides missiostritical functions when
they can be exposed to moisture other
than transient condensation, or to nitrog
tetroxide

Eliminates theexposureof the more
corrosionsusceptible stalass steel
alloysto moisture or to nitrogen
tetroxide, for which corrosion of
these alloys has also been observ

42223

Ductile-Brittle
Transition Temperature

[MPR 63] Steels shall not be used in
tension below their ductilbrittle

transition temprature.

Prevents the use of alloys that are
too impact and cracksensitive and

prone to unexpected failueg low

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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temperature.
4.2.2.3. 2 | Titanium Contamination [MPR 64]All cleaning fluids and other | An Apollo Program lesson learneg
chemicals used during manufacturing a| occurred when a titanium pressurg
processingf titanium hardware for vessel failed due tstress corrosion
spaceflight hardwarthat provides in anhydrous methanol that was
missioncritical functions shall be verifie¢ used as a substitute pressurant fo
to be compatible and not detrimental to| Aerozine50 in a ground test.
performance before use. Methanol, a commonly used
solvent for cleaning metals, was
considered benign to titanium.
4.2.2.3.b | Titanium Contamination [MPR 65]The surfaces of titanium and | A lesson learned from a titanium
titanium alloy mill products used for pressure vessel that was severely
spaceflight hardwarthat provides cracked from an alpha case that
missioncritical functions shall be 100 formed during heat treatment.
percent machined, chemically milled, o
pickled to a sufficient depth to remove g
contaminated zones and layers fodme
while the material was at elevated
temperature.
4.2.2.3.2 | Titanium Wear [MPR 66]All regions of titanium alloys | Since titanium is subject to wear
for spacelight hardwarehat provides and fretting which can lead to crag
missioncritical functions that are subjec] initiation, it is necessary to harden
to fretting or wear shall be anodized pel the titanium surfaces by anodizing
SAE AMS2488D, Anodic Treatmeiit per the cited specification or per g
Titanium and Titanium Alloys Solution, | hardcoating process.
pH 13 or Higher, or hardoated utilizing
a wearresistance materiaduch as
tungsten carbide/cobalt thermal spray.
4.2.2.3. % | Titanium Flammability | [MPR 67] Titanium alloys shall not be | Titanium is highly flammable in
used with LOX or GOX at any pressure| oxygenrich environments, and its
or with air at oxygen partial pressures | use in such environemts must be
above 35 kPa (5 psia). avoided.
4.2.2.3.% | Titanium Flammability | [MPR 68] Titanium alloys shall not be | Because ofitt ani umé s
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machined inside spacecraft modules ignition in oxygeRncontaining
during ground processing or in flight, environments, fine turnings and
because machining operations can ignit particles with large surface areas
titanium turnings and cause fire. from machining and grinding
processes can even ignite in air.
Obviously, such fires in a
spacecraft must be prevented.

4224 Magnesium [MPR 69]Magnesium alloys shallnotbg Magnesi umés | ow
used in primary structure or in other are hardness renders it relatively
of spaceflight hardwarthat provides sensitive to mechanical damage a
missioncritical functions that are subjec] abuse and is relatively corrosion
to wear, abuse, foreign object damage,| sensitive. Therefore, its use in
abrasion, erosion, or where fluid or primary structure needs to be
moistureentrapment is possible. avoided.

4.2.2.0 Magnesium [MPR 70]Magnesium alloys shall not b Magnesium can be ignited in air a
machined inside spacecraft modules room temperature from machining
during ground processing or in flight, operatons. Obviously, such fires ir
because machining operations can ignif a spacecraft must be prevented.
magnesium turnings and cause fire.

4223 Beryllium [MPR 71] Alloys containing more than 4| Beryllium alloys have an inherent
percent beryllium by weight shall not be| low ductility ard brittle nature, and
used for primary structural applications.| their use in primary structure need

to be avoided.

4.2.2.% Beryllium [MPR 72] Alloys containing more than 4| Beryllium containing alloys, even

percent beryllium by weight shall not be
used for any application within spacecrg
crew compartments unless suitably
protected to prevent erosion or formatio
of salts or oxides.

those containing as little as 4
percent beryllium, present a
problem in that oxides and salts o
beryllium are highly toxic and the
use thereof requires that thestal
be protected from abrasion or
conditions that could form

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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beryllium particles, beryllium
oxides, or salts.

422% Beryllium [MPR 73] Design of beryllium parts for | When beryllium is required to be
spaceflight hardwarthat provides used in missiostritical spaceflight
missioncritical functions shall address it hardwareit is important that the
low-impact resistance and notch low ductility and brittle nature of
sensitivity, particularly at low beryllium be critically reviewed.
temperatures, and its directional materiy When analyzing the stress state ir
properties (anisotropy) and sensitivity tq beryllium, it is important to
surface finish requirements. recognize the low #ssords Ratio

of beyllium. ThislowP oi s s 0
Ratiocan lead to very hightresses.
4.2.2.4 Beryllium [MPR 74] All beryllium parts used in When beryllium is required to be
spaceflight hardwarthat provides used in missioseritical hardware,
missioncritical functions shall be the detrimental surface damage th
processed to ensure complete removal | occurs in beryllium from
the damaged layer (twins and mechanical metal removal methog
microcracks) produced by surfaoeetal | such as machining and grinding,
working operations, such as machining | must be removedThe damage
and grinding. removal must be by chemical etch
to remove the surface damage. T
technique of removing successive
shallower cuts will reduce the dep
of the damage but will never
completely eliminate the damage.
The nature of the damage is a
crystal twihning in the grains which
pins
dislocations and subsequently
reduces material ductility.
422% Beryllium [MPR 75]Beryllium-containingalloys Due to the highly toxic nature of

(including alloys containing less than 4

beryllium dust and oxides formed
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percent beryllium by weighBind oxides | during machining or grinding, suc
of beryllium shall not benachined inside| operations must be highly
spacecraft crew compartments at any | contolled and never allowed to
stage of manufacturing, assembly, testi| occur in spacecraft crew
modification, or operation. compartments.

4225 Beryllium [MPR 76] All beryllium parts used in Ensures that the cradensitive
spaceflight hardwarthat provides beryllium parts are crack free.
missioncritical functions shall be
penetraninspected for crackke flaws
with a highsensitvity fluorescent dye
penetrant in accordance with section
4.2.5.

4.2.2.68 Cadmium [MPR 77]Cadmium shall not be used in| Because of its toxic nature and
crew or vacuum environments. relatively high vapor pressure, the

use of cadmium in spacecraft crey
compartments and in the space
vacuum environment needs to be
prevented.

4226 Cadmium [MPR 78] Cadmiumplated tools and Cadmium is relatively soft and
other hardware shall not be used in the| could be readily transferred to
manufacture or testing gpaceflight spacecraft parts through contact
hardwarethat provides missicaritical between the parts and cadmium
functions. plated tools. Therefore, the use of

such tools must be prevented.
4.2.2.7 Zinc [MPR79]O0wi ng t o zi nc (The use of zinplated parts in

whiskers, zinc platingther than black
zinc-nickel platingshall not be used in
spaceflight hardwarthat provides
missioncritical functions.

spaceflight hardwareeals to be
prevented because zinc has a
tendency to grow whiskers that
cause electrical shorts and are alg
a source of contamination. Zinc
also has a relatively high vapor
pressure and, in the vacuum of

space, it presents the risk of

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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volatilizing and redepsiting on
critical surfaces.

42.2.8 Mercury [MPR 80]Equipment containing mercury Mercury in contact witlsome
shall not be used where the mercury co| metals can result in severe
come in contact with spaceflight embrittlement; therefore, such
equipment during manufacturing, contact must be prevented.
assembly, test, checkout, and flight.

4228 Mercury [MPR 81] Spacefight hardware Because of the high toxicity of
(including fluorescent lamps) containing mer cury vapor a
mercury shall have three levels of potential for causing embrittlemen
containment to prevent mercury leakagg of other metals, its safe

containment in a spacecraft
environment must be
extraordinarily redundant.

4.2.2.9 Refractory Metals [MPR 82] For refractoy alloys (alloys Refractory metals are used in high
with a melting point above 2000 °C (36( temperature applications where th
°F), plus osmium and iridium) used in | material properties at the intendeg
missioncritical applications, tests shall j usetemperature are lacking or
performed to characterize critical desigr limited. Testing must be performe
properties for the intended application | to obtain the necessary design
and the data documented in an MU properties for the application.

Documentation oftte design
properties is also required.
4.2.2.1@& | Superalloys (Nickel [MPR 83]High-nickel content alloys are| Since superalloys are susceptible
Based and Cobalt susceptible to sulfur embrittlement; sulfur embrittlement from conta
Based) therefore, forspaceflight hardwarthat with sulfur containing materials at
provides missiostritical functions, any | elevated temperatures, it is
foreign material which could contain mandatory that such materials be
sulfur, such as oils, grease, and cutting| removed from the surface of the
lubricants, shall be removed by suitable| superalloys before they are expos
means prior to heat treatment, welding,| to high temperatures.
high temperature service.
4.2.2.1® | Superalloys (Nickel [MPR 84]The reduction to design Since superalloys experience allo

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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Based and Cobalt
Based)

properties of alloying element depletion
at the surface in a high temperature,
oxidizing environment shall be evaluate
when a thin sheet of one of these alloys
used forspaceflight hardwarthat
provides missioftritical functions, since
a slight amount of depletion could
involve a considerable proportion of the
effective cross section of the material.

depletion at elevated temperature
it is mandatory that the depth of
such depletiononasepr al | o
design properties be assessed,
particularly in the case of thin
sheets.

422.1%8

Tin

[MPR 85] For spaceflight hardwarthat
provides missiostritical functions, tin
and tin plating shall be alloyed with at
least 3 percent lead by weight ohet
proven alloying element(s) to prevent tir
whisker growth.

Self-explanatory, in that 3 percent
lead in tin and tin plating is
necessary to prevent timhisker
growth. Several other alloying
elements in tin and tin plating have
also been shown to prevdirt
whiskers.

42210

Tin

[MPR 86]Tin and tin plating alloyed with
less than 3 percent lead by weight and
used in electrical/electronic applicationg
shall comply with GEIASTD-0005 1A,
Performance Standard for Aerospace a
High Performance ElectramSystems
Containing Leadrree Solder, and Contrg
Level 2C requirements of GE}&STD-
00052A, Standard for Mitigating the
Effects of Tin Whiskers in Aerospace ar
High Performance Electronic Systems,
with the following exceptions:

(1) Solder alloy Sn962g3.7
(Sn96) used for high
temperature applications.

(2) Solder alloy Au80Sn20 used a

Since the cited standards
specifically address loto mitigate
the tin whisker problems for tin an
tin-plating containing less than 3
percent lead, it is necessary that
they be used for applications that
use tin and tirplating with less
than 3 percent lead.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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a die attach material or as a
package sealing material.
(3) Tin alloys containing less than
20 percent tin by weight.
4.2.2.11c | Tin [MPR 87]When highpurity tin and tin Since tin pest is a problem that
plating are used fapaceflight hardware | results from tin and tin plating
that provides missioaritical functions being exposed to a low temperatu
and will also be exposed to temperaturg for a long peiod of time (as can
bel ow 13 eC f or p e]| occurforspacecraft external
months, the method for preventing tin | materials), it is necessary to addrg
pest formation shall be documented in t| how the tin pest problem will be
materials control plan. controlled. Tin pest has been
observed on ISS external hardwal
4.2.2.11d | Tin [MPR 88] Tin plating shall not be used | Because of the many problems th
for contactdn electrical interconnects have been encountered with tin
(connectors, sockets, switches, etc.) for] plating, such as oxidation, wear,
spaceflight hardwarthat provides fretting, and whiskerst is
missioncritical functions. necessary to limit the use of tin
plating inspaceflight hardware
unless the potential problems are
suitably mitigated and its use
approved through an MUA review
process.
4.2.3.8 Elastomeric Materials | [MPR 89]Elastomeric materials used in| Since elastomers have alife
spacelight hardwarghat provides limitations, it is necessary to selec
missioncritical functions shall be elastomeric materials that can
selected to operate within design functionand endure the space
parameters for the useful life of the environment for the expected life
hardware. the hardware.
423D Elastomeric Materials | [MPR 90]Elastomeric materials used in| The agdife of elastomers begin

spaceflight hardwarthat provides

missioncritical functions, other than

when they are cured; therefore,

because of aglfe limitations, their

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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those used in ofthe-shelf parts,sch as | cure dates need to be recorded sq
cable clamps, shall be cudated for the ages of the elastomers can be
tracking purposes. tracked.

423k Elastomeric Materials | [MPR 91]Room temperature vulcanizin{ Requirement justifies itself, in that
(RTV) silicones that liberate acetic acid| the release of a corrosive acid is
during cure shall not be used because t| unacceptable.
can cause corrosion.

4.2.3.1d | Elastomeric Materials | [MPR 92]When rubbers or elastomers | The lesson learned from the
are used at low temperatures in Challenger &ing failure due to its
spaceflight hardwarthat provides inelastic behavior at a moderately
missioncritical functions, the ability of | cold temperature strongly
these materials to maintain and provide| emphasizes the need to verify the
required elastomeric properties szl low temperature elastic properties|
verified. of rubbers and elastomers.

Fluorocarbon elastomg are
particularly susceptible to
embrittiement.

4232 Polyvinyl Chloride [MPR 93]Use of polyvinyl chloride on | Polyvinyl chlaide (PVC) cannot be
spaceflight hardwarshall be limited to | used in space vacuum because it
applications in pressurized areas where contains large quantities of
temperatures do not exceed 49 °C (120 plasticizers that outgas in space
°F). vacuum, making the PVC brittle

and acting as a source of
contamination. PVC also offgasse
excessively above 128, so its use
in hardwarehat experiences such
temperatures must be restricted.
PVC is flammable in spacecraft
cabin environments, and its use is
subject to the same controls as
other flammable materials.

4.2.35 Limited-Life Iltems [MPR 94]All materials shall be selected| If a material cannot meet the usef

to meet the useful life of the hardware

life requirements of the hardware

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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with no maintenance or be identified as| which it is a part, then it must be
limited-life items requiring identified as having lifted-life and
maintainability. a maintenance plan identified to
address its limitedife.
42.3.& Thermal Vacuum [MPR 95]Nonmetallic materials that are| Since nonmetallic materials outga
Stability exposed to space vacuum, with the in the vacuum of space, it is
exception of ceramics, metal oxides, necessary to quantify the nature a
inorganic glasses, and cetyl alcbho amount of outgasng that can
lubricants used on fasteners outside occur. ASTM E595 is the
closed compartments, shall be tested | consensus standard for conductin
using the technique of ASTM E595%, such tests and quantifying mass
Standard Test Method for Total Mass | loss and CVCM.
Loss and Collected Volatile Condensab
Materials from OutgassinginaVacuum The tradi ti onal
Environment, with acceptanceiteria as | mass loss (TML) spacecraft
follows: requirement is relaxed in this
standard. Vacuum outgassing
(1) 0O0. 1 percent cf causescontamination only from
condensable materials (CVCM condensable materials and the TN
is unimportant except in special
20 0O1. 0 percent t|caseswherecryogenic surfaces a
(TML) less water vapor present and in cases where the m
recovery (WVR), except that a| loss causes unacceptable
higher mass loss is permitted i| degradation of the material. The
this mass loss has no effect on vast majority of materials with a
the functionality of the material TML O5 percent
itsdf and no effect on the normal spacecraft applications,
functionality of any materials, |pr ovi ded t he OO0
components, or systems that | requirement is met.
could be adversely affected by
the subject mass loss.
4.2.3.6b | Thermal Vacuum [MPR 96]With the following exceptions,| Since vacuum baking can

Stability

hardware items (components, assembli

etc.) containing materials that fail the

sufficiently outgas materials that

fail the CVCM requirements
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CVCM requirement and/or having established by this NASA
unidentified materials shall be vacuum | Technicé Standard, it is necessary
baked at the maximum tolerable to vacuum bake hardware items tk

temperatue of the component, 10 °C contain materials that do not meet
above the maximum predicted operatin¢ the CVCM requirements.
temperature, or an alternate temperatur|
selected by the program/project, to meg
the program/project acceptance
outgassing criteria:

(1) Materials that are not near a
critical surface and ha a
CVCM between 0.1 and 1.0
percent and an exposed

S
urface area less than 13 @
in?) are exempt.

(2) Materials with an exposed
surface area less than 1.6%cm
(0.25 irf) are exempt.

(38) Materials that are unexposed,
overcoated, or encapsulated
with approved materials are
exempt.

(4) Materials enclosed in a sealed
container (maximum leak rate
less than 1 x 10cmP/sec) are

exempt.
4.2.3.7 External Environment | [MPR 97]The critical properties of The spacecraft external
Survivability materials exposed in the spacecraft environment includes ultraviolet
external environmnt shall meet radiation, atomic oxygen in low

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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operational requirements for their
intended lifecycle exposure.

Earth orbit, plasma, and high
energy radiation, all of which can
cause materials degtation. For
example, ultraviolet radiation
causes darkening of many
materials, leading to loss of therm
control, and atomic oxygen erodeg
most polymeric materials, causing
physical degradation. Since repair
capabilities are very limited or
nonexistent,tiis imperative

that materials so exposed meet th
operational life cycle.

4.2.3.8

Fungus Resistance

[MPR 98] Materials that are nenutrient
to fungi, as identified in MIEHDBK -
454B, General Guidelines for Electronig
Equipment, Requirement 4, Fursgmert
Materials, Table 4, Group |, shall be
used in launch vehicles and pressurizeq
flight compartments, except when one @
the following criteria is met:

a. Materials have been tested to
demonstrate acceptability per ME&ETD-
810G, Department of Defea Test
Method Standard for Environmental
Engineering Considerations and
Laboratory Tests, Method 508.

b. Materials are used in crew areas
where fungus would be visible and easi
removed.

Materials that resist the growth of
fungus are required in launch
vehicles that are exposed to weat
environments and in pressurized
habtable compartments. The
requirement statement identifies
many exceptions where such
controls are unnecessary.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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c. Materials are used inside sealed
containers (maximum leak ratestethan 1
x 10* cm¥/sec) with internal container
humidity less than 60 percent relative
humidity (RH) at ambient conditions.

d. Materials are used inside
electrical boxes where the temperature
always greater than or equal to the
ambient cabin tempernate.

e. Materials have edge exposure
only.

f. Materials are normally stowed
with no risk of condensation in stowage
locations.

g. Materials are used on noncritical
off-the-shelf electrical/electronic
hardware that is stowed and/or used in
crew areas.

h. Materials are fluorocarbon
polymers (including ETFE) or silicones.

i. Materials are used in crew
clothing items.

4.2.3.9 Glycols [MPR 99]When solutions containing Required to prevent this unusual
glycols (aliphatic dihydric alcohols) are | spontaneous ignition reaction.
used aboard spacecraft that have electr
or electronic circuits containing silver or
silver-coated copper, a silver chelating
agent, such as benzotriazole (BZT), shd

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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be added to the solution to prevent
spontaneous ignition from the reaction ¢
silver with the glycol.

4.2.3.10a | Etching Fluorocarbons | [MPR 100]The etching of PTFE, It is NASA policy to use voluntary
perfluoroalkoxy (PFA), and fluorinated | consensus standards where
ethylene propylene (FEP) shall meet th¢ possible. The cited specification ig
requirements of SAE AMS2491F, the industry standard for preparing
Surface Treatment of polytetrafluoroethylene for bondin
Polytetrafluoroethylene, Prapation for | and has been reviewed and
Bonding, when adhesion to the approved for use by NASA.
fluorocarbon surface is requireeixcept
that for insulated wire or cable a pull tes
on caeproduced specimens may be
performed in lieu of the tensile and sheg
strength tests in AMS2491 section 3.5.4

42310 Etching Fluorocarbons | [MPR 101]Etched surfaces shall be Ensures that the etched surface
processed within 24 hours or within 1 | remains active and ready for
year if packaged per SAE AMS2491F. | bonding.

4.2.4.1a | Heat Treatment [MPR 102]Heat treatment of aluminum | It is NASA policy to use voluntary
alloys used irspacefligh hardwarehat consensus standards where
provides missioftritical functions shall | possible. The cited standards are
meet the requirements of SAE the widely accepted consensus
AMS27725, Heat Treatment of standards for heat treating
Aluminum Alloy Raw Materials; SAE aluminum alloys, and they have
AMS277(N, Heat Treatment of Wrought
Aluminum Alloy Parts; or SAE been reviewed and approved for
AMS2771E, Heat Treatment of by NASA.
Aluminum Alloy Castings.

4240 Hea Treatment [MPR 103]Heat treatment of steel alloyg It is NASA policy to use voluntary

used inspaceflight hardwarthat provides
missioncritical functions shall meet the
requirements of SAE AM$1-6875B,

Heat Treatment of Steel Raw Materials,

consensus standards where
possible. The cited standards are
the widely accepted consensus

standards for heat treating steel

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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or SAE AMS2759E, Heat Treatment of | alloys, and they have been
Steel PartsGeneral Requirements. reviewed and approved for use by
NASA.

4.24.1c Heat Treatment [MPR 104]Heat treatment of titanium It is NASA policy to use voluntary
alloys used irspaceflight hardwarthat consensus standards where
provides missioftritical functions shall | possible. The cited standards are
meet the requirements of SAE AM$% the widely accepted consensus
81200D, Heat Treatment of Titanium an standards for heat treatitiganium
Titanium Alloys, for raw stock and SAE | alloys, and they have been
AM S2801B, Heat Treatment of Titaniun reviewed and approved for use by
Alloy Parts, for parts requiring heat NASA.
treatment during fabrication.

4.2.4.d Heat Treatment [MPR 105]Heat treatment of nickebnd | It is NASA policy to use voluntary
cobaltbased alloy parts used in consensus standards where
spaceflight hardwarthat provides possible. The cited standards are
missioncritical functions shall meet the | the widely accepted consensus
regurements of SAE AMS277H, Heat | standards for heat treating nickel
Treatment, Wrought Nickel Alloy and | and cobalbased alloys and have
Cobalt Alloy Parts, or SAE AMS2773E,| been reviewed and approved for
Heat Treatment, Cast Nickel Alloy and | by NASA.
Cobalt Alloy Parts.

4.2.4.% Heat Treatment [MPR 106]For spaceflight hardwarthat | Heat treat variations can

provides missiostritical functions,
processcontrol tensiletest coupons shall
be taken from the production part (or
from the same material lot, having the
same thickness as and processed
identically to the production part) to
verify the adequacy of the heat treatme
process for the following corntitins:

(1) Aluminum alloys are solution

compromise the strength and
ductility of the alloys for the heat
treat conditions cited. In addition,
the commonly used hdness test to
verify the adequacy of the heat treg
process is not a good predictor of
strength and ductility.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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heattreated.

(2) High-strength steels (>200 ksi
(1380 MPa) UTS), tool steels,
andmaraging steel alloys are
heattreated to high strength
levels.

(3) A286 or MP35N alloys (which
have poor correlation between
harchess and tensile strength)
are heat treated.

(4) Titanium alloys are annealed o
solution heat treated and aged

(5) Nickel- and cobaHlbased alloys
are work strengthened before
age hardening resulting in age
hardened tensile strengths
greater than 103PIPa (150 ksi)
UTS.

(6) Precipitation hardenable nicke
and cobaklbased alloys are
solution heat treated.

4.2.4.1f Heat Treatment [MPR 107]When processontrol tensile | Ensures compliance.
test coupons are required, the requirem
for the coupons shall be specified the
engineering drawing for the part.

42419 Heat Treatment [MPR 108]If no tensile values are Ensures that accept/reject criteria
available in MMPDS for a specific alloy, are established.

tensiletest acceptance values shall be
specified on the engineering drawing fo

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,
Control, and Implementation Plan.
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the part.

4.2.4.h Heat Treatment [MPR 109]Materials shall not be used irf Ensures that the materials that are
spaceflight hardwarthat provides used have defined and dependab
missioncritical functions outside the design properties.
limits of their procurement specification,
heat treat specifation, or MMPDS
specification.

4244 Forging [MPR 110]Where forgings are used in | Ensures that a NASA M&P
missioncritical applications, firsarticle | technical expert(s) has reviewed
(preproduction) approval shall be and approved the firgtrticle cutup
obtained from the procuring authority. | process.

4.2.4.D Forging [MPR 111] First-article approval and the| It is NASA policy to use voluntary
controls to be exercised in producing consensus standards where
subsequent prduction forgings shall be | possible. The cited standard is the
in accordance with SAE AMS2375D, widely accepted consensus stand
Control of Forgings Requiring First for controlof the firstarticle
Article Approval. forging cutup and has been

reviewed and approved for use by
NASA.

4242 Forging [MPR 112] After the forging technique, | Ensures that the forging process
including degree of working, is broken up the cast structure and
established, the first production forging | that expected microstructure and
shall be sectioned to show theigrlow | mechanical propertieseproduced
patterns and to determine mechanical | by the forging process.
properties at control areasd the trim
ring/protrusion specimens
(prolongations)

4.2.4.2d Forging [MPR 113] The mechanical properties ¢ The mechanical properties of the

the trim ring/protrusion specimens
(prolongations) for the first article shall
be compared to the control coupons to

show they are predictive of the properti

trim ring/protrusion specimens
(prolongations) for subsequent
articles will be used to verify that

the mechanical properties of

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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in the body of the first article. subsequent articles are
acceptableAs such, they have to
be representative of the properties
in the body of each subsequent
article.For the first article, they are
compared with the mechanical
properties of the control coupons
from the body of the article to
verify that they are truly
representative.

4.2.4.2¢e Forging [MPR 114] Sectioning to show the grain Since any changes in the forging
flow patterns and to determine process can significantly alter the
mechanical properties at control areas | grain flow, microstructure, and
shall be repeated after any substantive | mechanical properties, it is
change in the forging technique, as necessary to conduct a fiastticle-
determined by M&P analysis. like cutup to ensure the resulting

properties are acceptable.

4.2.4.% Forging [MPR 115] These data and results of teg Since forging process changes ca
onthe redesign shall be retained and | significantly alter the mechanical
made available for review by the and metallurgical properties of the,
procuring activity. forging, it is necessary to conduct

first-article-like cutup and have the
results reviewed and approved by
NASA M&P engineering.

4.2.4.2 Forging [MPR 116] Trim ring or protrusion It is standard practice in the forgin
specimengprolongationskhall be industry to obtain and test trim rin
obtained for each production forging us{ or protrusion specimens to ensure
in safetycritical applications and tested | that the mechanical properties of
for requiredminimum mechanical each forging are achieved.
properties.

4.2.4.h Forging [MPR 117] Surface and volumetric Obviously, the severe plastic

nondestructive inspectioDI) shall be

performed on all safetgritical forgings.

deformation involved in a forging

process can introduce both surfac

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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and internal defects for which
inspection is needed.

4243 Casting [MPR 118] Castings used igpaceflight | Itis NASA policy to use voluntary
hardwarethat provides missicuritical consensus standards. SAE
functions shall meet the requirements o] AMS2175 & the industry
SAE AMS217% (2010), Castings, specification for classifying and
Classification and Inspection of. inspecting castings and has been

reviewed and approved for use by
NASA.

4243 Castings [MPR 119] Where castings are used in | For missioRcritical castings, it is
missioncritical applications, pre considered mandatory to subject t
production castings shall be subjected {| first casting§) to destructive testing
first-article inspection to verify proper | to verify the mechanical properties
material flow, proper material integrity, | and metallurgical characteristics g
minimum required mechanical propertig the casting process.
proper grain size, and
macro/microstructure.

4242 Castings [MPR 120] The mechanical properties ir] Trim rings/protrusions will be
trim ring/protrusion of the first article obtained for all production casting
shall be compared to the contralupons | so the first article testing needs to
to show they are predictive of the verify that they are representative
properties in the body of the first article.| of the cast parts.

4.2.43d Castings [MPR 121] The same casting practice aj Ensures to a reasonable degree tf
heattreating procedure shall be used fo[ the production castings will have
the production castings as for the the same mechanical perties and
approved firsarticle castings. metallurgical characteristics as the

first-article casting(s) that validate
the casting process.

4.2.4.2 Castings [MPR 122 For Class 1 and Class 2 Tensile bars cast at the same time

castings (classes as defined by SAE
AMS217%A (2010)), mechanical propert]
testing of integally cast or excised tensil

bars at critical locations shall be

as the production casting(s) ensu
that the casting process is
reproducing the same mechanical

properties Integrally casting tensilg

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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conducted to ensure foundry control of | bars with each production lot is a
cast lots. standard practice in the casting
industry.

4243 Castings [MPR 123] Periodic cuups or functional | For the most critical castings,
testing shall be conducted for Class 1 a| periodic cutups or functional
Class 2 castings (classes as defined by| testing ensures that the casting
SAE AMS2175A (2010)). process is under control and is

reproducible.

4243 Castings [MPR 124] Surface and volumetric Castings frequently contain
nondestructive inspection shall be unacceptable defects that cannot
performed on all safetgritical castings. | detected except by these NDE

techniques.

4.2.4.4 Formed Panels [MPR 125] Where formed panels are us{ The process for forming panels
in missioncritical applications, pre needs to be verified as producing
production @nels shall be subjected to | panels with propr material
first-article inspection to verify proper | integrity, mechanical properties,
material integrity, minimum required grain size, and
mechanical properties, proper grain siz¢ macro/microstructure.
and macro/microstructure.

424.0 Formed Panels [MPR 126 The mechanical properties o] Control coupons will be used for
the first production article shall be verification of the properties of
compared to control coupons to show | each production formed panel, so
they are predictive of the progiess in the | the first article testing needs to
body of the first article. verify that they are representative

of the formed panels.

4.2.4.4 Formed Pansl [MPR 127 The same forming practice | Ensures to a reasonable degree tf

and heatreating procedure shall be use
for the production formed panels as for
the approved firsarticle panels.

the production formed panels will
have the same mechanical
propeties and metallurgical
characteristics as the firatticle
formed panel that validated the
process.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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4244 Formed Panels [MPR 128§ Sectioning to determine Since any changes in the forming
mechanical properties at control areas | process can significantly alter the
shall be repeated after any substantive | grain flow, microstructure, and
change in thedrming technique, as mechanical properties of the pane
determined by M&P analysis. it is necessary to conduct a first
article-like cutup to ensure the
resulting properties are still
acceptable.
4.2.4.4 Formed Panels [MPR 129 Surface and volumetric NDI | Formed panels may contain
shall be performed on all safetyitical unacceptable defects that cannot
formed panels. detected except by these NDE
techniques.
4.2.45a Adhesive Bonding [MPR 13Q Structural adhesive bonding | MSFCG-SPEC445 is the NASA
shall meet MSFESPEG445A, Adhesive | wide, accepted specification for
Bonding, Process and Inspection, adhesive bonding and inspection.
Requirements for.
4.2.45b Adhesive Bonding [MPR 131 Structural adhesive bonding | The strenth of a structural
processes shall be controlled to preven{ adhesive bond can be significantly
contamination that would cause structul degraded by bond surface
failure that could affect the safety of the| contamination, particularly from
mission, crew, or vehicle or affect silicones. Therefore, it is imperatiy
mission success. that bond surface cleanliness be
maintained and verified.
4.2.45¢c Adhesive Bonding [MPR 132 Bonded pimary structural In bonded joints, cohesive failure
joints shall demonstrate cohesive failurg the desired failure mode that best
modes in shear. ensures a reliable and repeatable
shear strength design value,
whereas an adhesive failure is
almost alwayshe result of
inadequate surface preparation ar
is indicative of an improper
bonding process.
4.2.46a Welding [MPR 133 If alternative specifications tq The AWS D17 welding

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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those cited in this section are utilized or| requirements are commonly used
developed, those specifications shall m{ by aerospace companies, but are
the requiements of NASASTD-5006A, | more detailed than is required by
General Welding Requirements for NASA and also have some
Aerospace Materials deficiencies. If an aerospace
company chooses to not follow thg¢
AWS D17 requirements, plus the
supplemental requirements
identified in this document, they
may develop their own standard,
provided that it complies with the
less detailed but more stringent
requirement$n NASA-STD-5006
4.2.46b Welding [MPR 134 Material Review Board Weld procedure variances that ha
disposition shall be required for weld not been qualiéd by prior test or
repair/rework/processing activities that | experience need to be reviewed a
are not in accordance with the approve( approved by a Material Review
weld process specification (WPS). Board and/or M&P knowledgeable
personnel.
4.2.46¢ Welding [MPR 135 A weld development and The welding of large structural
certification plan shall be developed for| welded components can have maj
large structural welded componsrstuch | problems if the weld development
ascrew modules and welded cryogenicland certi ficat.i
tanks. established well before welding
flight hardware. The plan is
expected to incide full scale
pathfinder weldments, tooling
development, and design values
program including sensitivity
testing.
4.2.46.1 Fusion Welding [MPR 13] The processing and quality | Itis NASA policy to use voluntary

assurance requirements for manual,

automatic, and semiautomatic welding f

consensus standards where

possible. The cited specification is

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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spaceflight applications that provide the aerospace industry specificati
missioncritical functions shall meet the | for fusion welding of aerospace
requirements of AWS D17.1/D17.1M | structures and components and h
(2010)AMD 1 (2012) Specification for | been reviewed and approved for
Fusion Welding for Aerospace by NASA with
Applications, with the following modifications/additios to address
modifications/additions: minor deficiencies in the baseline
standard.
4.2.46.1a | Fusion Welding [MPR 137] Missiontcritical structural Structural welds that are safety
welds shall comply with AWS critical are equired to meet the
D17.1/D17.1M(2010)AMD 1 (2012) most stringent set of requirementg
Class A requirements. as is the case for the cited Class £
requirements. Note that the weld
classes in AWS D17.1 are based
nondestructive inspection
requirements (with the most
stringent inspection requirements
for Clas A welds), whereas
traditional NASA weld classes
were based on weld criticality (wit
Class A welds being the highest
criticality level).
4.2.46.1b | Fusion Welding [MPR 13] Other structural welds shall | Structural welds that are not safet
comply with AWS D17.1/D17.1M2010) | critical are allowed to meet a less
AMD 1 (2012) Class A orClass B stringent set of requirements, as is
requirements. the case for the cited Class B
requirements.The more stringent
Class A requirements may also be
used.
4.246.1c | Fusion Welding [MPR 139 Nonstructural welds Nonstructural, norsafetycritical

(including seal welds) shall comply with
AWS D17.1/D17.1M(2010)AMD 1
(2012) Class C requirements.

welds are allowed to meet the lea
stringent set of requirements is
the case for the cited Class C

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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requirements.
4.2.46.1d | Fusion Welding [MPR 140] All Class A and Class B Ensures that Class A and B manu
welds (including manual welds), as weld processes are also qualified,
defined by AWS D17.1/D17.1NR010) not just the operators who perforn
AMD 1 (2012) shall be qualified in the welds.
accordance with AWS D17.1/D17.1M
(2010)AMD 1 (2012)
4.2.46.1e | Fusion Welding [MPR 141] Titanium welds shall be Titanium welds with worse
light/dark straw or better (Ref. AWS coloration than light/dark straw (as
D17.1/D17.1M(2010)AMD 1 (2012) listed in AWS D17.1, Table 7.1)
Table 7.1). indicate improper inert gas control
during welding and presents the
possibility that weld
contamination/oxidation occurred.
4.2.46.1f Fusion Welding [MPR 143 Titanium and its alloys shall | Prevents the creation of a
be welded with alloymatching or completely unknown titanium alloy
metallurgically compatible fillers or in the weldment by welding
autogenously. together, for example, atpha
alloy and an alphéaeta alloy or
other incompatible combinations @
titanium alloys.
4.2.46.1g | Fusion Welding [MPR 143 Extra low interstitial (ELI) ELI weld wire produces a more
filler wires shall be used for titanium ductile weld at cryogenic
cryogenic applications and are preferre( temperatures.
for general apptiations.
4.2.46.1h | Fusion Welding [MPR 144] Commercially pure (CP) Welding Ti6Al-4V with CP weld

titanium filler shall not be used on-Ti
6Al-4V or other alloyed base material.

wire results in a significant alloy
contentand interstitial solubility
difference between the parent me
and the weld metal, which can lea|
to interstitial migration and
precipitation of embrittling species

such as titanium hydride, at the

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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weld fusion lire. An Apollo SIV-B
stage was destroyed due to
inadvertently welding a T6AI-4V
pressure vessel with CP weld wirg
4.2.46.1i Fusion Welding [MPR 145] Nitrogen, hydrogen, carbon | Titanium welding needs to be
dioxide, and mixtures containing these | performed in an inert gas
gases shall not be used in welding environment. The cited gases are
titanium and its alloys. not considered inert to titanium an
can react with titanium alloys at
weld temperatures.
4.2.46.1i(1) | Fusion Welding [MPR 146] The inert @s shall have a dey Ensures that the water content in
point of-60° C ¢76° F) or lower. the inert gas is low enough that th
potential reaction of water with
titanium at the welding temperatur
is not a problem.
4.2.46.1j Fusion Welding [MPR 147] Welded alpha and alpha plug Welding of titanium alloys may
beta titanium alloys shall be stress produce residual stresses that are
relieved in a vacuum or inert gas high enough that the weld needs t
environment (Ar or He), or stress relieve be stress relieved. Such stress rel
in air with verification of oxide removal | treatments are done at high enoug
per SAE AMSH-81200D or SAE AMS | temperatures that precautions
2801B, or certified in the aselded against oxidation of the titanium
condition. must be exetlised.
4.2.46.1k | Fusion Welding [MPR 148] Titanium beta alloys that are| Titanium beta alloys are less pron
welded shall be evaluated on a chyge to residual stress during welding,
case basis with respect to stress relief. | but stress relieving of beteelds
still needs to be considered.
4.2.46.1 Fusion Welding [MPR 149 Laser weldingor spaceflight | It is NASA policy to use voluntary

hardware that provides missiantical
functionsshall comply with AWS
D17.1/D17.1M(2010)AMD 1 (2012)or
AWS C7.4/C7.4M (2008), Process
Specification and Operator Qualification

consensus standards where
possible. The cited specifications
are industry standards for laser
welding that have been reviewed

and approved for use by NASA.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,
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for Laser Beam Welding.
4.2.46.1m | Fusion Welding [MPR 190] Electron beam weldintpr It is NASA policy to use voluntary
spaceflight hardware that provides consensus standards where
missioncritical functionsshall comply possible. The cited specifications
with AWS D17.1/D17.1M2010)AMD 1 | are industry standards for electror
(2012)or SAE AMS2680C, Electren beam welding that have been
Beam Welding for Fatigue Critical reviewed and approved for use by
Applications. NASA, whereas SAE AMS2681 is
another common industry standar
for electronbeam welding but is
not considered adequate.
4.2.46.1n | Fusion Welding [MPR 151] The following welding Although permitted by AWS

practices permitted by AWS
D17.1/D17.1M(2010)AMD 1 (2012)
shall not be used without an approved
MUA to document the acceptance
rationale:

(1) Welding from both sides if full
penetration of the first pass is
not verified (either by
inspection of the back side or
by grinding prior to welding on
the opposite side).

(2) Partial weld penetration in
structural welds.

(3) Straightening operation after
welding.

(4) Lap welds in structural
applications.

D17.1/D17.1M (2010AMD 1
(2012) these practices have been
determined to be unacceptable fo
NASA Program hardware unless
approved through an MUA review
process.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,
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4.2.46.10 | Fuson Welding [MPR 152 The Welding Procedure NASA review of the cited AWS
Specification (WPS) shall include the | specification has determined that
following content in addition to that these additional requirements nee
required by AWS D17.1/D17.1NR010) | to be included in the WPS to ensu
AMD 1 (2012} the adequacy and completeness (
the welding process.
(1) Prequalified rework welds in
accordance with AWS
D17.1/D17.1M (2010AMD 1
(2012)
(2) Testing and documentation of
allowable parameter variationg
for automatic and semi
automatic welds.
(3) Manual welding parameters.
(4) An associated Procedure
Qualification Record (PQR)
with tension testing and maero
examination results as part of
weld qualification requirements
4.2.4.6.2 | Resistance Welding [MPR 153 Resistance welding for It is NASA policy to use voluntary
spaceflight hardware that provides consensus standards where
missioncritical functions, including possible. The cited specification ig
resistance spot welding (RSW), shall | an industry standard for resistance
meet the requirements of AWS welding that has been reviewed a
D17.2/D17.2M (2013), Specification for| approved for use by NASA.
Resistance Welding for Aerospace Resistance welding is not used
Applications. frequently in NASA programsral
then primarily for spot welding of
batteries.
4.2.46.3 Friction-Stir Welding of | [MPR 154 Friction-stir welding of It is NASA policy to use voluntary

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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Aluminum Alloys aluminum alloys fospaceflight hardware consensus standards where
that provides missioaritical functions possible. The cited specification ig
shall meet the requirements of AWS an industry standard for frictiestir
D17.3/D17.3M (208), Specification for | welding thathas been reviewed an
Friction Stir Welding of Aluminum approved for use by NASA.
Alloys for Aerospace Applications.
4.2.46.4 Inertia Welding [MPR 157 Inertia welding forspaceflight| Although this standard is no longe
hardwarethat provides missicuritical active, it has been determined by
functions shall meet the requirements o] NASA that it is the best standard
MIL -STD-1252 (1975), Inertia Friction | existing for establishing and
Welding Processrocedure and controlling the inertia welding
Performance Qualification. process. Other active inertia frictig
welding sgcifications were
reviewed and found to be
i nadequate for
only recommended practices, not
requirements.
4.2.46.4a | Inertia Welding [MPR 156 Surface inspection (penetran Generally, inertia welds are
and volumetric inspection (radiography), performed on pressweontaining
shall be performed. tube and valve components that
require inspection for surface and
subsurface defects that could
develop into leaks.
4.2.46.4b Inertia Welding [MPR 157 All welds shall be proof Generdly, inertia welds are
tested. performed on pressu@ntaining
tube and valve components that
need to be proof tested.
4.2.46.4c Inertia Welding [MPR 15§ Inertia welds used in fluid Generally, inertia welds are
systems shall be helium leak tested. performed @ pressur&ontaining
tube and valve components that
need to be helium leak tested.
4.2.47a Brazing [MPR 159 Brazing forspaceflight It is NASA policy to use voluntary

hardwarethat provides missicuoritical

consensus standards where

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
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functions shall be conducted in possible. The cited specification ig
accordance with AWS C3.3 (2008), the industry specification for the
Recommendedmctices for Design, design, manufacture, and
Manufacture, and Examination of Critici examination of dtical brazed
Brazed Components. components and has been review
and approved for use by NASA.

4.2.47b Brazing [MPR 160 Brazing of aluminum alloys | It is NASA policy to use voluntary
for spaceflight hardwarthat provides consensus standards where
missioncritical functions shall meet the | possible. The cited specification is
requirements of AWS C3.7M/C3.7 an industry specification for
(2011), Sgcification for Aluminum brazing of aluminum that has beel
Brazing. reviewed and approved for use by

NASA.

4.2.47c Brazing [MPR 161] Torch, induction, and furnacg It is NASA policy to use voluntary
brazing forspaceflight hardwarthat consensus standards where
provides missioftritical functions shall | possible. The cited specifications
meet the requirements of AWS are the industry specifications for
C3.4M/C3.4 (2Q6), Specification for the types of brazing cited, and the
Torch Brazing; AWS C3.5M/C3.5 have keen reviewed and approved
(2016), Specification for Induction for use by NASA.
Brazing; and AWS C3.6M/C3.6 (2®),
Specification for Furnace Brazing,
respectively.

4.2.47d Brazing [MPR 1&2] Subsequent fusiewelding Need to ensure that high

operations in the vicinity of brazed jointg
or other operations involving high
temperatures that might affect the braze
joint shall be prohibited fospacelight
hardwarethat provides missicuritical
functions unless it can be demonstrated
that the fixturing, processes, methods,

and/or procedures employed will preclu

temperature processing near
existing braze joints does not
degrade the joint by fmelting and
reflowing the braze metal.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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degradation of the brazed joint.
4.2.47e Brazing [MPR 1863] Brazed joints used in Since transferring all of the load in
spaceflight hardwarthat provides a structural braze joint by tension
missioncritical functions shall be through the braze material is not
designed for shear loading and not be | considered as reliable as
relied upon for strength in axial loading | transferring the load by shear
for structural parts. through the braze material, &on
loaded braze material has to be
avoided. This is accomplished by
using lap joint designs versus butt
joints, where the large brazed
surface area in a lap joint results i
a relatively low shear stress in the|
braze material.
4.2.47f Brazing [MPR 164] The shear strength of brazed It is NASA policy to usesoluntary
joints used irspaceflight hardwarthat consensus standards where
provides missioftritical functions shall | possible. The cited standard is an
be evaluated in accordance with AWS | industry standard for how to
C3.2M/C3.2 (2008), Standard Method f( evaluate the strength of brazed
Evaluating the Strength of Brazed Joint{ joints and has been reviewed and
approved for use by NASA.
4.2.479 Brazing [MPR 165] For furnace brazing of Destructive testing ensures the
complex cofigurationsof spaceflight adequacy of the braze flow and th
hardwarethat provides missicaritical the braze alloy and its adhesion tg
functions, such as heat exchangers and the brazed surfaces are continuod
cold plates, destructive testing shall be | and metallurgically acceptable.
conducted on preroduction brazed joint
to verify that the braze layer that extend
beyond the fillet areds continuous and
forms a uniform phase.
4.2.48 Structural Soldering [MPR 165] Soldering shall not be used | The low strength and poor creep

for structural applications.

resistance of solders means

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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soldering cannot be used in
structural applications.
4.2.49 Electrical Discharge [MPR 167] Electricatdischarge Since the high surface te@@rature
Machining and Laser machining (EDM) and laser machining | associated with the EDM and LM
Machining (LM) processes fospaceflight hardware | machining processes causes
that provides missioaritical functions undesirable surface damage, it is
shall be controlled to limit the depth of | necessary to control the processe
the oxide layer, the recast layer, and thq to ensure the depth of damage is
heataffected zone. predictable and manageable.
4.2.49a(1) | Electrical Discharge [MPR 183] The oxide layer shall be The oxide layer that is produced b
Machining and Laser removed from the surface. the EDM and LM machining
Machining processes is generally brittle and
crackprone and must be removed
4.2.49a(2) | Electrical Discharge [MPR 169] In addition, the recast layer | The recast layer and the heat
Machining and Laser and the heaaffected zone shall be affected zone produced by the
Machining removed from bearing, wear, fatigue or| EDM and LM machining processe
fracturecritical surfaces, and from crack| are generally undesirable
or notchsensitive materials. conditions, and need to be removzs
from wear surfaceand fracture
critical surfaces.
4.2.49b Electrical Discharge [MPR 170] EDM/LM schedules for Qualification of the EDM and LM
Machining and Laser | spaceflight hardwarthat provides machining processes enesrthat
Machining missioncritical functions shall be the depth of the detrimental surfaqg
qualified to determine the maximum conditions is predictable and the
thickness of the affected layers when thl amount of material that must be
depth of the affected material must be | removed is known.
known for removal or analysis.
4.2.410a Nickel Plating [MPR 171] Electrodeposited nickel It is NASA policyto use voluntary

plating forspaceflight hardwarthat
provides missioftritical functions shall
be applied according to the requirement
of SAE AMS2403\, Plating, Nickel

General Purpose; SAE AMS2423E,

consensus standards where
possible. The cited specifications
are industry standards for
electroplating nickel that have bee

reviewed and approved for use by

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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Plating, Nickel Hard Deposit; or ASTM | NASA.
B689-97, Standard Specification for
Electroplated Engineering Nickel
Coatings.

4.2.4100 Nickel Plating [MPR 172] Electroless nickel plate for | Itis NASA policy to use volntary
spaceflght hardwarehat provides consensus standards where
missioncritical functions shall be applie¢ possible. The cited specifications
per SAE AMS2404G, Plating, Electroleg are industry standards for
Nickel, or ASTM B73315, Standard electroless nickel plating that have
Specification for Autocatalytic been reviewed and approved for
(Electroless) NickePhosphorus Coating{ by NASA.
on Metal.

4.2.410c Nickel Plating [MPR 173] The nicketaluminum Since there is a strong galvanic
interface in nickeplated aluminum used | couple between nickel and
in spaceflight hardwarghat provides aluminum, the interface between
missioncritical functions shall be them must be protected corrosive
protected from exposure to corrosive | environments.
environments.

4241 Additive Manufacturing | [MPR 174] When structural hardware is| Ensures that the NASA M&P
manufactured by additive manufacturing technical authority reviews and
techniques, a manufacturing and approves this relatively new
qualification plan shall be submitted to | manufacturing technique that is ng
NASA and approved by the responsible| yet controlled by NASA or
NASA M&P and desigrorganizatios. consensus standards or

specifications.

42558 Nondestructive [MPR 175] The NDE Plan shall address| Since there are many NDE

Evaluation(NDE) Plan

the process for establishment,
implementation, execution, and control
NDE through design, manufacturing,
operations, and maintenance of

spaceflight hardware

techniques that are avable to
inspectspaceflight hardwarand
such inspections are performed
throughout the life cycle of the
hardware, a Plan is needed to

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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ensure that the application and
sequence of the inspections are
proper and efficient.
425D Nondestructive [MPR 176] The Plan shall meet the inter; Obviously, since NASASTD-5009
Evalwation (NDE) Plan | of MIL-HDBK-6870B, Nondestructive | sets NDE requirements for fractur
Inspection Program Requirements for | critical components, it has to be
Aircraft and Missile Materials and Parts| included in the NDE Plan for
and, when fracture control is applicable| spaceflight hardwareAlthough
the requirements of NASSTD-5009, MIL -HDBK-6870 states #t it is
Nondestrative Evaluation Requirementg for guidance only, it is to be treate
for FractureCritical Metallic as a requirements document for
Components. nonfracturecritical components in
the NDE Plan.
425k Nondestructive [MPR 177] Qualification and certification NAS-410 has long been the
Evaluation (NDE) Plan | of personnel involved in nondestrivet aerospace industry and NASA
testing shall comply with NAS 410 standard for certifying and
(Revision 4), NAS Certification and qualifying NDE personnel.
Qualification of Nondestructive Test Although ASNTTC-1A is al®
Personnel. widely used for certifying and
qualifying nondestructive test
personnel, it is a recommended
practice only.
42524 NDE Etching [MPR 178] All machined or otherwise Machining metal surfaces causes

mechanically disturbed surfaces on
metallic parts that are to be fluorescent
dye-penetant inspected shall be
adequately etched to assure removal of
smeared, masking material prior to
penetrant applicatiqgrwith the following
exceptions:

(1) Previously etched parts do not

need etching if the surface hag

distubed, smeared thin layer of
metal that masks cracks, and the
disturbed layer must be removed
etching prior to penetrant
inspection.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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not been smeared since the la
etching
(2) When supporting rationale is
provided, close tolerance partg
may be machined neéinal and
etched and penetrant inspecte
before final machining in lieu o
etching and penetrant inspecti
after final machining.
425D NDE Etching [MPR 179 The etching procedure shall | Since the disturbed metal layer hg
specify the minimum amount of materia| a certain depth, it is required that
to be removed to ensaithat smeared least an amount of metal equal to
metal does not mask cracks. the thickness of the disturbed laye
be removed to have an effective
penetrant inspection.
4252 NDE Etching [MPR 18] If etching is not feasible, it | Since not being able to etch mean
shall be demonstrated that the required| that the penetrant inspection
flaw size can be reliably detected. process would be ineffective, it is
necessary to employ othRDE
methods, such as eddy current or
ultrasonics that can detect the
critical flaw size.
4.2.6.1 Residual Stresses [MPR 181] Estimates ofesidual stresses| Many metal processes produce

in structural or stressorrosionsensitive
hardware shall beonsideredn structural
analyse and corrosion/stregorrosion
assessments.

residual stresses that can add to t
stresses from the normally applieg
service stresses resulting in a high
stress state that needs to be
addressed and accounted for in th
analses.

An important lesson was learned

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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repair welding of 2195 Aluminum
Lithium. The repair weld material
was very low strength compared t
the parent material (it was 4043
weld wire in 2195 parent material)
so the effect of the residual stress
wasnoapparent (i
much warpage). However, when
wide specimens containing only a
short repaiwelded area were
tensile tested, the residual stress
added to the discontinuity shear
stress at the weld/parent metal
interface, causing early failure.

4.2.6.b

Residual Stresses

[MPR 18] The straightening of warped
parts in structural hardware shall requirg
an approved MUA.

Since straightening of a warped p
requires plastic deformation and
creates the potential for mechanic
damage and high rielsial stresses,
it is necessary for M&P engineerir
to review and approve the procesy

42.6.A4

Sandwich Assemblies

[MPR 183] For vented sandwich
architectures, the differential pressure g
ascent shall be adequately relieved to
preclude cordo-face skeet bond line
fipeel 0o failure mod
facesheet separation.

Vents on vented sandwich
constructions must be large enoug
to prevent the pressure differentia
between the sandwich interior ang
the external environment during
launch becomig large enough to
cause facesheet separation.

426>

Sandwich Assemblies

[MPR 18] Sandwich architectures that
are not vented shall be capable of
withstanding pressure buildup without
violating strength and stability
requirements.

Non-vented sandwicbktructure wi
develop a pressure differential
during ascent of one atmosphere
(14.7 psia) between the sandwich
interior and space vacuuni.he
structure must be verified to

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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withstand this pressure differential
without causing facesheet
separation.

42.6.2 Sandwich Assemblies | [MPR 18] Structural sandwich Since moisture can accumulate in
assemblies shall be designed to preven vented core sandwich assemblies
the entrance and entrapment of water | andcan migrate from cell to cell
vapor or other contaminants into the col presenting a corrosion problem, a
structure. since it can also cause structural
failure in a launch environment
where the exterior pressure
decrease and the rapid temperatu
increase can flash the water to
vapor causing over pressuation

of the face sheet, it is necessary t
prevent such water entrapment ar|
migration in sandwich assemblies
An Apollo lesson learned occurreq
when a vented core honeycomb
interstage tank structure failed dus
to moisture accumulation and flas
evaporatn during launchWater
intrusion can occur from
condensation / exposure of
sandwich constructions to humid
air below the d
pumpingo where
structures are exposed to large
thermal /humidity gradients
induced by cryogenic fluid stoge,
gravitational migration of rain
water, forced penetration of wind
driven rain, etc.

4.2.6.4 Sandwich Assemblies | [MPR 18] Structural honeycomb The use of metallic or glass
sandwich assemblies that will be reinforced cores to minimize

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,
Control, and Implementation Plan.
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subjected to heating shéé tested for the intrusion of moisturéntrusion into
expected environments toshk that the | the sandwicltore anctan result in
construction can withstand them vapor buildup over-pressuriing
the sandwich assemblyhenit is
heatedby thelaunch environment
426.2 Sandwich Assemblies | [MPR 187] Sandwich assemblies using | To prevent moisture accumulation
perforated and moistwa&bsorbing cores | that can caiesinternal corrosion
shall be protected from water intrusion | and structural failure, sandwich
during assembly and prelaunch activitiel assemblies need to be protected
from water intrusion prior to launc
in addition to their being designed
to prevent moisture intrusion.
4.2.6.2 Sandwich Assemblies | [MPR 183] Test methods for struatal It is NASA policy to use voluntary
sandwich constructions and core materi consensus standards where
shall meet the requirements of SAE possible. The cited standhis an
AMS-STD-401 (1999), Sandwich industryaccepted standard for
Constructions and Core Materials: sandwich construction and core
General Test Methods. materials that has been reviewed
and approved for use by NASA.
4.2.6.3 Corrosion Prevention | [MPR 189 All parts, assemblies, and Ensures that corrosion space

and Control

equipment used ispaceflight hardware
tha provides missiostritical functions,
including spares, shall be finished to
provide protection from corrosion in
accordance with the requirements of
NASA-STD-6012, Corrosion Protection
for Space Flight Hardware, with the
following exceptions:

a. SAE AMS2404G is permitted fo
electroless nickel plating as an alternati
to ASTM B73315.

spaceflight hardwareill be
addressed and eliminated to the
extent possible.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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b. Titanium fasteners may be used
in contact with graphite composites,
provided that they are wet installed with
sealant or primer materials.
4.2.6.3.1 | Passivation [MPR 190 Corrosionresistant steels Enaires that the normally present
used inspaceflight hardwarthat provides| passive layer that provides
missioncritical functions shall be corrosion resistance is restored.
passivated after machining.
4.2.6.3.2 | Sealing [MPR 191 Removable panels and acce| Ensures that corrosive
doors in exterior or interior corrosive environments cannot intrude into
environments shall be sealed either by | sealed compartments.
mechanical seals or bysrable, faying
surface sealing.
4.2.6.4 Hydrogen [MPR 192 When designing liquid or Ensures that the potential for
Embrittlement gaseous hydrogen systems, the hydrogen embrittlement of metalli
degradation of metallic materials structures containing hydrogen wi
properties kg hydrogen embrittlement be evaluated.
shall be addressed the Materials and
Processes Selection, Control, and
Implementation Plan
42.6.5 Hydrogen [MPR 193 An MUA shall be written Ensures that the potential for
Embrittlement rationalizing the selection of metallic hydrogen embrittlemerof metallic
materials for liquid or gaseous hydroger structures containing hydrogen ha
systems to preclude cracking and to been evaluated.
ensure system reliability and safety.
4.2.6.£ Hydrogen [MPR 194 Electrochemical processes o Ensures that the potential for
Embrittlement exposure to acids or bases during hydrogen embrittlement is

manufacturing or processing of
spaceflight hardwarthat provides
missioncritical functions shall be
controlled to prevent hydrogen
embrittlement, or embrittlement relief
treatment shall be performed promptly

minimized by controlling the time
of exposure to eleaichemical

processes and to acids and basesg
that the embrittlement relief
treatments are carried out soon af

exposure to such processes and

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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after processing. fluids.
4.2.6.4€1) | Hydrogen [MPR 195 When acid cleaning baths or| Baking ensures relief of the
Embrittlement plating processes are usea steel parts | potential for hydrogen
for spaceflight hardwarthat provides embrittlement in steels after
missioncritical functions, the part shall | exposure to acids or plating
be baked in accordance with SAE processes. The baking process in
AMS2759/9D, Hydrogen Embrittlement| SAE AMS2759/9D has a long
Relief (Baking) of Steel Parts, to allevial history and is the accepted way to
potential hydrogen embrittlement relieve the potential for hydrogen
problems. embrittlement in "els.
4.2.6.5.1 | Gold-Indium [MPR 196 Gold shall not be used in A lesson learned when indium
Intermetallic Formation | contact with indium or an indium alloy | solderin a Goddard satellite
(such as indium solder) fepaceflight contacted gold wires and the
hardwarethat provides missicuaritical resulting goldindium intermetallic
functions. resulted in severe embrittlement
and failure of the gold wires.
4.2.6.5.2a | Gold-Tin Intermetallic | [MPR 197 When used with tisfbased Ensures that the dissolution of gol
Formation solder joints in migen-critical hardware, | into tin-based solder will be
gold shall be removed from at least 95 | minimized, therebyninimizing the
percent of the surface to be soldered of| formation of brittle goletin
component leads, component intermetallic compounds.
terminations, and solder terminals.
4.2.6.5.» | Gold-Tin Intermetallic | [MPR 198 Gold-coated contacts shall n¢ Ensures that the propensity for
Formation be mated with tin or tin allegoated fretting corrosion between gold
contacts for separable contact interface| coated contacts and mating-tin
in missioncritical hardware. coated contacts will be avoided.
4.2.6.5.2 | Gold-Aluminum [MPR 199 Gold-aluminum brazing An aluminumrich intermetallic

Intermetallic Formation

processes shall be controlledminimize
formation of the AuAd intermetallic
known as APurpl e H
formation of the AgAl, intermetallic
known as f#AWhite PI

phase, the AuAlintermetallic
known as @A BRuripsl
inherent (and natecessarily
harmful) to goldaluminum brazing;
however, if excessive heat is

applied too much of the

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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intermetallic can form at the
braze/part interface, causing joint
failure. A goldrich phase, the
AusAl; intermetallic known as
AWhiteoOPliagaé wa
detrimental. Its formation is
catalyzed by silicon, so care shou
be taken to keep the braze joint
zone free of contamination

4.2.6.5.3b | Gold-Aluminum

Intermetallic Formation

[MPR 204 Gold-aluminum bonding
processes shall be controlled to preven
theformation of the AuAd intermetallic
known as APur pl eAl2R
intermetallic know

Purple Plague is a significant
problem in microelectronic
applications, because as purple
plague forms, it reduces in volume
This createsavities in the metal
surrounding the purple plague,
which increases electrical resistan
and structurally weakens the wire
bonding. White plague is worse,
because it has low electrical
conductivity and, if enough of it
forms, the resulting electrical
redstance can cause a total failurg
of the component. Whereas some
amount of purple plague is
expected and acceptable for gold
aluminum brazing processes, it is
never acceptable in electrical
bonding processes.

4.2.6.6.1 | Liquid Locking

Compounds

[MPR 201 If a liquid-locking compound
is used as a locking feature where
rotational loosening or disengagement
would result in a critical or catastrophic
hazard, its use shall comply with the

design and quality requirements and be

Imposing NASASTD-5020
ensures that issues and problems
associated with the use of liquid
locking compounds will be
avoided.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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practices in NASASTD-5020,
Requirements for Threaded Fastening
Systems in Spaceflight Hardware,
sections 5.5 and 7.6 and Appendix

4.2.6.6.2 | Silver-PlatedFasteners | [MPR 202]Silver-plated fasteners shall | Ensures that the friable black oxid
not be used in external applications wh¢ that forms on silver exposed to
the silver plating is directly exposed to | atonmic oxygen will not contaminate
atomic oxygen for a period longer than ] other components or mechanisms
weeks. or contaminate astronaut suits ang

gloves during EVAs.

4.2.6. A Contamination Control | [MPR 203]A Contamination Control Spacecraft performance can be
Plan shall be generated in accordance | severely degraded by the presenc
with the guidelines of ASTM E1548 of excessive contamination, leadin
(2009), Standard Practice for Preparatiq to loss of mission or mission
of Aerospace Contamination Control objectives. A Contamination
Plans. Control Plarcovering the entire

hardware life cycle is necessary tq
ensure that a @
approach is properly implemented
The cited ASTM standard is a
voluntary consensus standard tha
has been reviewed and approved
use by NASA.

4.2.6.D Contamination Gntrol [MPR 204]The Contamination Control | The cited areas of material
Plan shall include controls on processing, hardware packaging,
contaminatiorsensitive manufacturing | and FOD prevention are the most
processes, such as adhesive bonding, | important types of contamination
controls on packaging for shipment and| that need to be controlled and
storage, and a foreign object addressed in the Contamination
damage/debris (FOD) prevention Control Plan.
program

42.6. Contamination Control | [MPR 205]The FOD pevention program| Since damage tspaceflight

shall be established for all ground

hardwarefrom FOD can be very

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.
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operations of mechanical and electrical| expensive and impact schedules,
systems ofpaceflight hardware is mandatory that a FOD preventiq
including the design, development, program be established that
manufacturing, assembly, repair, addresses all sources and meafns
processing, testing, maintenance, preventing FOD damage
operation, and checkout tife equipment|t hr oughout t he
to ensure the highest practical level of | cycle.
cleanliness.
4.2.6.d Contamination Control | [MPR 206]The FOD prevention progran It is NASA policy touse voluntary
shall conform to NAS 412 (Revision 1),| consensus standards where
Foreign Object Damage/Foreign Object| possible. NAS 412 is the aerospa
Debris (FOD) Prevention. industry standard for FOD
prevention and has been revieweq
and approved for use by NASA.
4.2.6. 8 Contamination Control | [MPR 207]Cleanliness levels for Ensures that the cleanliness level
assemblyand subassemblgvel each hardware item has been
hardware shall be identified on the specified.
engineering drawings.
4.2.6.8 Packaging [MPR 208]Packaging shall protect Obviously, spaceflight hardware
spaceflight hardwarom corrosion and | needs to be protected during
contamination durig shipping and shipment and storage.
storage.
4.3 Verification [MPR 209]Verification of compliance Since it is NASA policy to provide

with the requirements of this NASA
Technical Standard shall consist of the
following steps a a minimum:

a. NASA approval of the contracto
Materials and Processes Selection,
Control, and ImplementatioRlan and
other applicable materials data
requirements documents, such as the
Contamination Control Plan and NDE

clear, concise, verifiable
requirements, it is necessary for
NASA M&P to have oversight and
insight into how the contractors an
their subs and vendors implement
and controkpaceflight hardware
M&P. The cited steps of reviewing
and approving t
M&P plans, requiring M&P

drawing signature approval,

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As

requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,

Control, and Implementation Plan.

APPROVED FOR PUBLIC RELEASE —DISTRIBUTION IS UNLIMITED
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Section Section Title NASA-STD-6016 Requirement Statement Justification Applicable If No, Enter Rationale
(Yes or No)

Plan. conducting audits, membership or
the materials control panel, and
b. Contractor M&P signate on approval of MUAs and MIULs

engineering drawings to verify provide NASA M&P with the
compliance with the requirements of thij oversight and insight necessary tg
NASA Technical Standard or the verify that the requirements of
Materials and Processes Selection, NASA-STD-6016 have been met.

Control, and Implementation Plan.

c. NASA audits of contractor M&P
activities relating to hardware design an
manufacturing.

d. Establishment and operation of
the M&P control panel in accordance
with section 4.1.4 of this NASA
Technical Standard.

e. NASA approval of MUAs.

f.  NASA approval of MIULs.

NOTE: Per sectiod.16: The use oM&P that do not comply with the technical requirements of #ASA Technical &andard may be acceptable in the actual hardware applications. M&As
requiredfor all M&P that are technically acceptable but do not meet the technicaleswanits of thiNASA TechnicalStandard, as implemented by the approved Materials and Processes Selection,
Control, and Implementation Plan.

APPROVED FOR PUBLIC RELEASE —DISTRIBUTION IS UNLIMITED
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APPENDIX B

TYPICAL MUA FORM

MATERIAL USAGE AGREEMENT

USAGE AGREEMENT NO.

REV

PAGE OF

PROJECT: SYSTEM:

CATEGORY:

ORIGINATOR:

ORGAN

IZATION/CONTRACTOR:

PART NUMBER(S):

USING ASSEMBLY(S):

ITEM DESCRIPTION:

ISSUE:

PROPOSED EFFECTIVITY:

CONTRACTOR TIER 1

CONTRACTOR PRIME

MATERIAL DESIGNATION: MANUFACTURER: SPECIFICATION:
MATERIAL CODE: LOCATION: ENVIRONMENT :
THICKNESS: WEIGHT: EXPOSED AREA| HABITABLE E] PRESSURE PSIA: TEMP.F: MEDIA:
NONHABITABLE [ ]

APPLICATION:

RATIONALE: (use second page if required.)

MATERIAL USAGE AGREEMENT DISPOSITION
NASA PROJECT MGR. NASAM & P

DATE APPROVE REJECT DEFER MEMO NO.:
EFFECTIVITY:
ORIGINATING CONTRACTOR
APPSO Pl e Dl T Ao PICTPRID ILITIANLIC NN
AFFRUVED FUR FUDLIUC RCLEASE—UIS TRID IMMTUN TS INCTIVITTED
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APPENDIX C

RETIRED CATEGORY Il MUA RAT IONALE CODES

The Category Il MUA rationale codas theinterim andbaseline release of NAS3ND6016
have been incorporated (with modifications) into the bodyisNNASA Techisal Standardas
exceptions to the requirementshave been eliminate€ategory Il MUASs are no longer
required for codes that were incorporated as exceptiGosles were eliminated when the
rationales were no longer applicable or a full MUA was consdeaappropriate for the

deviation. The retired codes are listed here for continuity with programs working to the earlier

releases. As describedsectiond4.1.6.1.3, contractors who want to use Category Il rationale
codesmay do so through their approvedaMrials and Processes Selection, Control, and
Implementation Plan.

RETIRED FLAMMABILITY RATIONA LE CODES

CODE RATIONALE

101 Approved Materials Usage Agreement (MUA) Category |.

102 Approved Materials Usage Agreement (MUA) Category Il

103 Materials pased requirements when tested in configuration.

104 Unexposed, overcoated, or sandwiched between nonflammable materials
ignition source or propagation path.

105 Minor usage (less than 45 g (0.1 Ib) mass and 32nm?) surface area); no
propaation path or ignition source.

107 Passes test No. 10 of NASRTD-6001, Flammability Test for Materials in
Vented Containers, by test or analysis.

108 Off-the-shelf equipment having material acceptable in configuration; no ign
source or propagatigmath.

109 Material not exposed; totally immersed in fluid; evaluated for fluid compatik
only.

110 Material is acceptable when used on a metal substrate that provides a goo
sink. Material considered noncombustible in this configuration bytest
analysis.

111 Material is flammable but is sandwiched between nonflammable materials
edges only exposed and is more than 5 cm (2 in) from an ignition source o
than 30 cm (12 in) from other flammable materials.

112 Material is flammable bus unexposed or is overcoated with a nonflammabl
material.

113 Material is flammable but has a thicknésss thard.25 mm (0.010 in) and is
sprayed or bonded to a metallic surface greater than 1.6 mm (0.062 in) thig

114 Material is flammablebutis s ed i n fAsmall amount s
in) from an ignition source or more than 30.5 cm (12 in) from other flamma
materials. ASmall amountso for f1
weight less than 45 g (0.1 Ib) and less thaer?3(2.0 irf) surface area.

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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RETIRED TOXICITY (OFFGASSING) RATIONALE CODES

CODE RATIONALE

201 Approved Material Usage Agreement (MUA) Category |I.

202 Meets toxicity requirements with performed cure.

203 T value for material/component in usage weight®.5for manned flight
compartmenvolume.

204 Materials usage in hermetically sealed container.

RETIRED FLUID SYSTEM COMPATIBILITY RATION ALE CODES

CODE RATIONALE

301 Approved Material Usage Agreement (MUA) Category |.

302 Passes requirements ionfiguration.

303 Material isB-ratedin MAPTIS (batch/lot testing required) but batch/lot used
hardwarepassed test.

304 Approved Material Usage Agreement (MUA) Category II.

RETIRED THERMAL VACUUM STABILITY RATIONALE CODES

CODE RATIONALE

401 Approved Material Usage Agreement (MUA) Category |.

402 Approved Material Usage Agreement (MUA) Category II.

403 VCM between 0.1 and 1.0 perceakposed area Iess tharl3 cnt (2 in?) and
not near a critical surface.

404 VCM >1.0 percentexposed area less tharl.6 cnt (0.25 irf).

405 Unexposed, overcoatedr encapsulated with appravmaterial.

406 Material isB-ratedin MAPTIS (batch/lot testing required) but batch/lot used
hardwarecured to meet requirements.

407 Meets thermal vacuum stalbji requirements in configuration.

408 Materials usage in hermetically sealed container.

409 Material has VCM >0.1 percent but is enclosed in a sealed container (maxi

leak rate less than 1 x t@m®sec).

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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RETIRED STRESS CORROSION CRACKING RATIONAL E CODES

CODE RATIONALE

501 Approved Material Usage Agreement (MUA) Category |.

502 Approved Material Usage Agreement (MUA) Category Il.

503 Maximum tensile stress <Fiercenwof yield strength for part on
electrical/electronic assemblies.

504 Martenstic or PH stainless steels used in ball bearing, racsimilar
applications where the primary loading is compressive.

505 Metal notlisted intable 1 of MSFESTD-3029for stress corrosion cracking is
not exposed to a corrosive environment after fisaeably through eniem
use.

506 Carbonandlow alloy high strength steetgeater thari240 MPa 180 ks) used
in ball bearings, springs, or similar applications where primary loading is
compressive, low tensile stresseshistory of satisfactory pesfmance.

RETIRED CORROSION RATIONALE CODES

CODE RATIONALE

601 Approved Material Usage Agreement (MUA) Category |.

602 Approved Material Usage Agreement (MUA) Category II.

603 Adequately finished for corrosion protection.

604 Acceptable in use enginment.

606 Electrical grounding required, cladding plus conversion coating adequate.

607 Thermal conductance and electrical bonding requirements preclude paintir]
Conversion coating is adequate (for aluminum only).

608 Finished on a higheassembly.

609 Laminated shim minimum exposure of corrosion resistant material.

610 Material does not meet the requirements of MSSREG250,Class I, buts

treated or coated in a manner which meets or exceeds the requirements of
MSFCGSPEG250. Actual surface éatmenshallbe listed.

611 Material does not meet the requirements of MSSREG250,Class I, buis
not exposed to a corrosive environment after final assembly througteend
use.

612 Welding of titanium alloyto-alloy or commercially pur¢o-alloy using

commercially pure filler metal in mixed alloy welds where hydrogen
embrittlement is not predicted in service.

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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RETIRED GENERAL CODES

CODE RATIONALE

702 Generic materials controlled by military or industry specification using MAF
averages foratings or test results. Material codes for generic matshallbe
used.

703 Military specification or industry specification allowing several material optif

where all options have acceptable ratings.

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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APPENDIX D

RECOMMENDED DATA REQUIREMENTS DOC UMENTS

D.1 Recommended Data Requirements

The purpose of this appendsto provide ecommended Data Requirements Documents (§)RD
as follows:

Materials and Processes SelectiBGontrol andimplementatiorPlan
Materiak Usage Agreements (MUs\

Materials Identification and Usage List (MIUL)

Contamination Control Plan (CCP)

Nondestructive EvaluatiofNDE) Plan

Additively Manufactued Hardware Manufacturing and Qualificatidar
Corrosion Prevention and Conti@lan

= =4 -4 8 8 -5 9

Examples of DRD contemior thefirst six recommended DRDare provided on the following
pagesAn example of DRD content for th@orrosion Prevention and Control Piarprovided in
NASA-STD-6012. The specific DRDs and the content of those DRDs should be tailored to each
spacecrafprogram and additional DRDs may be appropriate.

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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DATA REQUIREMENTS DESCRIPTION (DRD)

1. PROGRAM: 2. DRD NO.: XXXX
3. DATA TYPE: 1 4. DATE REVISED:
5. PAGE: 1
6. TITLE : MaterialsandProcesses Selection, Control, and Implementation Plan

7. DESCRIPTION/USE:
This Plan shalldocument the degree of conformance and method of implementation for
each requirement in this standard, identifying applicableoimse specifications used to
comply with the requirement. $hallalso describe the methods useddaatrol
compliance with these requirements by subcontractors and vendors. The Materials and
Processes Selection, Control, and Implementation Plan, upon approval by the procuring
activity, shallbecome the Materials and Processes implementation documeribuse
verification.

8. DISTRIBUTION : As determined by the Contracting Officer.
9. INITIAL SUBMISSION: SRR

10. SUBMISSION FREQUENCY: Final at SDR

11. REMARKS:

12. INTERRELATIONSHIP : Parent SOW Paragraph: XXXX

13 DATA PREPARATION INFORMATION :

13.1 SCOPE
The Materials and Processes Selection, Control, and ImplementatioshBlatescribe
t he hardware developerds activities involyv

documentation, and reporting of materials and processes usage iisjspesight
hardware support hardwar@nd ground support equipment.

13.2 APPLICABLE DOCUMENTS:
NASA-STD-6016A, Standard Materials and ProcesResjuirements for Spacecraft

13.3 CONTENTS:
The necessary interfaces with procuring activity in the operationsdPlin shallbe
defined. The method for materials control and verification of subcontractors and vendors
shallbe included in the hardware developer's plan. As a minimum and as applicable, the
Plan shalladdress the following:

Conformancé The Planshal address each applicable paragraph of NASAD-6016A
and describe the method of implementation and degree of conformance for each

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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applicable requirement. If tailoring of the requirements is planned or necessary, alternate
approaches to NASSATD-6016A maybe submitted in thi®lan, which meet or exceed

the stated requirements. This tailoring approach will allow for NASA approval of
alternate requirements.

Hardware Developer's Organizatibiuthority shallbe assigned to an individual or
group whashallberesponsible for review and approval of all M&P specified prior to
release of engineering documentation.

Materials and Processes ldentificatioldentification and documentation of the M&P
used, both in the original design and in any chargiesdlbe catained in the Material
Identification and Usage LigMIUL) DRD.

Testingi Logic, proceduresand data documentation for any proposed test program to
support materials screening and verification testing. Any material/process testing to be
performed byhe hardware developehallrequire prior NASA approval.

Materials Usage Agreement (MUA) Procedlirdsogic, proceduresand documentation
involved in documenting and approving materials/processes as indicated in-SIR3A
6016A shallbe defined, includig those that do not meet the established requirements but
are proposed for use due to lack of replacement materials/processes or other
considerationsandshallbe contained in the Materials Usage AgreenfigtdA) DRD.

Material Design PropertidsThe Plan shallcontain the philosophy describing how
material properties will be determined, and if those properties do not exist, how the
material properties will be developedcluding, but not limited tgthe statistical
approaches to be employed.

Process Catrolsi ThePlan shallidentify all process specifications used to implement
specific requirements in NASSTD-6016A. All materials processes used in
manufacturingshallbe documented in process specificatj@mal all applicable process
specificationshall be identified on the engineering drawing. Each processing step in the
process specificatioshallbe identified in a level of detail that ensures the process is
repeatable.

13.4 FORMAT : Electronic, Wor&-compatible document or AdoB®DF. For each
paragraph in sectiohof NASA-STD-6016A, thePlan shallstate the requirement from
NASA-STD6016A, i denti fy the degree of confor man
of Conformance, 06 and identify the method o
AMet hopgl emehtmati on. 0O

13.5 MAINTENANCE : Contractorproposed changes to documshallbe submitted to
NASA for approval. Complete reissue of the document is required.

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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DATA REQUIREMENTS DESCRIPTION (DRD)

1. PROGRAM: 2. DRD NO.: XXXX
3. DATA TYPE: 1 (Cakegory | and Il MUAs) 4. DATE REVISED:
2 (Category Ill MUAS) 5. PAGE: 1

6. TITLE : Materials Usage Agreements (MWYA

7. DESCRIPTION/USE:

MUAs shall be submitted for all materials and processes that are technically acceptable
but do not meet thiechnical requirements of NASSTD-6016A, as implementely the
approved Materials and Processes Selection, Control, and Implementation Plan. [The use
of materials and processes that do not comply with the technical requirements of this
standard may bechnically acceptable if hardware reliability and vehicle safety are not
affected.]

8. DISTRIBUTION : As determined by the Contracting Officer.

9. INITIAL SUBMISSION: PDR.

10. SUBMISSION FREQUENCY: At PDR and as the need for new MUAs is identified
during the detailed design process. MUgksllbe revised and resubmitted whenever
design modifications affect the part numbershe environment or loads change to more
severe thardentified on the MUA or the MUA rationale.

11. REMARKS:

12. INTERRELAT IONSHIP: Parent SOW ParagrapbXXX

13. DATA PREPARATION INFORMATION :

13.1 SCOPE

MUASs shallbe submitted as described below.

Category | MUAsSI Category | MUAs are those that involve material/processes usage
that could affect the safety of the m@sj crew, or vehicle or affect the mission success,
but must be used for functional reasons. Approval by the responsible NASA Materials
and Processes organization and the NASA Program/Project Elffatidoe required.

Category Il MUAs- Category Il MUASs & those that involve material/processes usage
that fails a screening of Matersand Processes requirements and is not considered a
hazard in its use application but for which no Category Il rationale code exists. Approval
by the responsible NASA Matais and Processes organizatsbrallbe required.

Category Il MUAsI Category Il MUAs are those that involve materials or processes
that have not been shown to meet these requirements but have an approved rationale code

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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listed inthe hardware developapprovedvaterials andProcesses$election, Control,
and Implementation Plaifhey are evaluated and determined to be acceptable at the
configuration/part level. Category Il MUAghallbe reported in the Materials
Identification and Usage List (MIUL) sy=mn or electronic data system utilizing the
approved rationale codestime Materials andProcesse$election, Control, and
Implementation PlarNo MUA form is submitted. [Category Ill MUAs are identified
here for completeness but are not required ungr &DR.]

APPLICABLE DOCUMENTS:

NASA-STD-6016A, Standard Materials and ProcesRegjuirements for Spacecraft
MSFC-STD-3029, Guidelines for the Selection of Metallic Materials for Stress Corrosion
Cracking Resistance in Sodium Chloride Environments

CONTENTS:

The MUA packagehallinclude all technical information required to justify the
application. MUAs for stress corrosighallinclude a Stress Corrosion Cracking
Evaluation per MSFETD-3029 section 5.4

FORMAT : Electronic. A sample M@ form is provided in NASASTD-6016A;
however, Contractor format is acceptable. The complete MUA packedide provided
in Adob&® PDF format; the MUA fornshallalso be provided in a format that is
compatible with the NASA Materials and Processes Teahimformation System
(MAPTIS) database.

MAINTENANCE : Contractor updates to the Category | and Category Il M&hadlbe
submitted to NASA for approval. Complete reissue of the MUA is required.

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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DATA REQUIREMENTS DESCRIPTION (DRD)

PROGRAM: 2. DRD NO.: XXXX
DATA TYPE: 2 4. DATE REVISED:
5. PAGE: 1

TITLE : Materials Identification and Usage List (MIUL)

DESCRIPTION/USE:

The MIUL is an electronisearchable parts list or separate electronic searchable materials
identification and usage list. The MIUL identifies all Matersand Processes (M&P)

usages contained in the end item, excluding piece part electeonigsaterials in sealed
container§maximum leak rate less than 1 x“€m*/sec) for evaluation of the

acceptability bM&P selected and utilized.

DISTRIBUTION : As determined by the Contracting Officer.
INITIAL SUBMISSION: PDR

SUBMISSION FREQUENCY: As-designed MIULI at Hardware Acceptance Review
As-built MIUL updates prior to FRR

REMARKS:
INTERRELATIONSHIP : Parent SOW Paragraph: XXXX

DATA PREPARATION INFORMATION :

SCOPE

Materials and processes usatpallbe documented in an electronic searchable parts list

or separate electronic searchable Materials Identificand Usage List (MIUL). The
procedures and formats for documentation of materials and processes usage will depend
upon specific hardware bahallcover theasbuilt hardware The system useshallbe an
integral part of the engineering configuration wolirelease system. A copy of the stored
datashallbe provided to NASA in a form compatible with the Materials and Processes
Technical Information System (MAPTIS).

Wire, cable, and exposed surfaces of connectors shall be reported on the MIUL. All other
standard and nonstandaddctrical,electronic, anddlectromechanical (EEE) parts are
exempt from reporting on the MIUL. Materials used in hermetically sealed electronic
containers (maximum leak rate less than 1% d®*/sec) are also exempt from inslan

in the MIUL.

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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13.2 APPLICABLE DOCUMENTS:
NASA-STD-6016A, Standard Materials and ProcesRegjuirements for Spacecraft

13.3 CONTENTS:
The parts list or MIULshallidentify the following applicable information:

- Detail drawing and dash number
- Next assembly and dash number
- Change letter designation

- Drawing source

- Material form

- Material manufacturer

- Material manufacturer's designation
- Material specification

- Process specification

- Environment

- Weight(nonmetallic materials)

- MAPTIS Material Code(if data are to be provided in a form compatible with MAPTIS)
- Standard/commercial part number
- Contractor

- System

- Subsystem

- Maximumoperatingemperature

- Minimum operatingemperature

- Fluid type

- Surfacearea(nonmetallic materia)
- Associate contractor number

- Project

- Document title

- Criticality

- Line number

- Overall evaluation

- Overallconfiguration test

- Maximumoperatingoressure

- Minimum operatingpressure

- MUA number or rationale code

- Cure codes

- Materials raing

- Remarkgcomments field)

13.4 EORMAT : Contractor format is acceptable. However, Contractor format for electronic

submittal of MIUL datashallbe compatible with the NASA Materials and Processes
Technical Information System (MAPTIS) database.

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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13.5 MAINTENANCE : Contractor updates to the MIWhallbe submitted to NASA for
approval. Complete reissue of the document is not required.

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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DATA REQUIREMENTS DESCRIPTION (DRD)

PROGRAM: 2. DRD NO.: XXXX
DATA TYPE: 2 4. DATE REVISED:
5. PAGE: 1

TITLE : Contamination Control Plan (CCP)

DESCRIPTION/USE:

The ContaminationControl Plan defines implementation measures to control
contamination ospaceflight hardwarand fluid systems during manufacturing,
assembly, test, transportatiatorage,launch site processing, and pdgiht
refurbishment.

DISTRIBUTION : As determined by the Contracting Officer.
INITIAL SUBMISSION: PDR

SUBMISSION FREQUENCY: The contractor may submit updates/revisions at any
time. Final submissioshdl be at CDR.

REMARKS:
INTERRELATIONSHIP : Parent SOW Paragraph: XXXX

DATA PREPARATION INFORMATION :

SCOPE

The ContaminationControl Plan shallbe generated in accordance with the guidelines of
ASTM E1548, Standard Practice for Pregieon of Aerospace Contamination Control
Plans(as specified by NASATD-6016A) andshallinclude:

a. A ForeignObjectDebris £OD) Control Plan to prevent damage spaceflight
hardwareand injury to the flight crew by FOD during manufacture, assemlsiy, te
transportationstoragejaunch site processing, operation, repair, modification,
refurbishmentand maintenance. The FOD prevention progsaallconform to NAS
412, Foreign Object Damage/Foreign Object Debris (FOD) Prevention, as specified
by NASA-STD-6016A.

b. Definition of cleanliness level acceptance limits and verification methods for fluid
systems, and fageneralspaceflight hardwarmternal and external surfaces. TPlan
shallalso contain a list identifying all system fluids, together withflinel
specifications (for procurement or custom mixing) and the required cleanliness levels
for the fluid system.

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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APPLICABLE DOCUMENTS:

NASA-STD-6016A, Standard Materials and ProcesRegjuirements for Spacecraft
NAS 412, Foreign Object Damage/FapeiObject Debris (FOD) Prevention

CONTENTS:
The FODControl Plan shalladdress the following elements:

a. ldentification of probable FOD sources

b. Early design considerations for FOD prevention, resistance to damage, foreign object
entrapment, te.

Manufacturing planning for minimizing FOD generation and cleaning up whatever
FOD is generated

FOD control methods

FOD Awareness and Prevention Training.

Metrics- Measuring techniques for analysis, trending, and feedback.

Incident nvestigation/reporting, "lessons learned."”

Awareness/Employee Feedback.

o

S@ oo

The contractoshalldefine cleanliness level acceptance limits and verification methods
for fluid systems and for genergpaceflight hardwarmternal and external surfaces.erh
contractorshallalso provide a list identifying all system fluids, together with the fluid
specifications (for procurement or custom mixing) and the required cleanliness levels for
the fluid system.

FORMAT : Electronic, Wor@-compatible documerr Adobé® PDF.

MAINTENANCE : Changes to the document proposed by the contractor shall be
submitted to NASA for approvalComplete rssue of the document is required.

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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DATA REQUIREMENTS DESCRIPTION (DRD)

PROGRAM: 2. DRD NO.: XXXX
DATA TYPE: 4. DATE REVISED:
5. PAGE: 1

TITLE: Nondestructive EvaluatiofNDE) Plan

DESCRIPTION/USE:

The Nondestructive Evaluation (NDBJan shall address the NDE requirements
necessary to assure the health and integrity asgheeflight hardwarthroughait its life
cycle. ThisPlan shall identify all Nondestructive Evaluation (NDE) standards employed
in the inspection of materials.

DISTRIBUTION: As determined by the Contracting Officer.
INITIAL SUBMISSION: PDR

SUBMISSION FREQUENCY: The contractor masubmit updates/revisions at any
time.

REMARKS:
INTERRELATIONSHIP:

DATA PREPARATION INFORMATION:

SCOPE

The NDE Plan shall address the process for establishment, implementation, execution
and control of NDE. Th&an shall meet the inteof MIL-HDBK-6870, Inspection
Program Requirements, Nondestructive for Aircraft and Missile Materials andd&ratts
the requirements of NASATD-5009, Nondestructive Evaltian Requirements for
FractureCritical Metallic Gomponentsas specified biNASA-STD-6016A, Standard
Materials and Processes Requirements for Spacecraft

APPLICABLE DOCUMENTS:

NASA-STD-6016A, Standard Materials and Processes Requirements for Spacecraft
MIL -HDBK-687Q Inspection Program Requirememtendestructive for Aircraft and
Missile Materials and Parts

NASA-STD-5009 Nondestructive Evahtion Requirements for Fractu@itical

Metallic Componerg

NAS 410, NAS CertificatiormndQualification of Nondestructive Test Personnel

APPROVED FOR PUBLIC RELEASE —DISTRIB UTION IS UNLIMITED
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13.3 CONTENTS:
NDE Specifications and Standaid3heNDE Plan shall address the selection and the
order of precedence of applicalgi|gvernmentjndustry and prime contractor NDE
specifications and standards and how the requirements contained therein are implemented
through internal procedures and htswdocuments. The oversight of subcontractor
implementation and flow down of the NDE requirements shall also be addressed. The
Plan shall address commonly used aerospace industry NDE methods including, but not
limited to, fluorescendye penetrant, radiographiim radiography, digital radiography,
computed tomography), ultrasonic, neutron radiography, magnetic particle, eddy current,
infrared thermography, and visual inspection. Pla shall address how all NDE
specifications and standards will be approligdhe appropriat&overnment authority.

NDE Requirements During Hardware Desigiihe NDEPIan shall address how the
processes are implemented to ensure that all designs are reviewed to establish NDE
inspection requirements and to ensure that the pariaspectable. Thélan shall

address how the areas or zones of the part to be inspected are identified on the drawing.
ThePlan shall address how the operations and maintenance NDE requirements will be
integrated in the design of the hardware.

Part Clasificationi The Plan shall address appropriagaceflight hardwarand GSE
part classification in accordance with MHDBK-6870.

NDE Sensitivity Levels NDE sensitivity levels shall be classified as Standard NDE,
Special NDE, Custom NDE&nd Visualinspection in the NDFlan. ThePlan shall
address minimum detectable flaw size for Standard NDE for each material group of
spaceflight hardwarm compliance with NASASTD-5009 where applicable. Th¥an
shall address procedures for defining NDE acceptarniteria for each of the sensitivity
levels and identify organizations and their responsibilities in establishing NDE
acceptance criteria, NDE drawing call o@sdNDE Operations and Maintenance
criteria. Note: Custom sensitivity level refers to an EBensitivity level that is not
covered under the other three NDE sensitivity levels and is applicable-foacture
critical parts.

NDE Acceptance Criteria The Plan shall address how NDE acceptance criteria are
determined and implemented for eachs#irity level. Forspaceflight hardwarehePlan
shall require rejection of any cratike flaw irrespective of the sensitivity level of the
inspection. Thé’lan shall address how significant flaw indications, irrespective of the
acceptance criteria, wibe dispositioned.

NDE During Manufacturing ThePlan shall address establishment of minimum NDE
acceptance requirements in terms of NDE sensitivity level, methods of inspection
(fluorescendye penetrant, ultrasonietc.), sampling frequencgndNDE inspection
coverage (e.gl00percentsurface area or selected area) for manufactured hardware as
grouped by classification of the part, material {ygoed form. The NDElan shall

address how NDE is sequenced such that inspection reliability is optibyized
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performing NDE before manufacturing processes that may significantly reduce flaw
detection capability. The requirements for etching of metal parts prior to penetrant
inspection shall be specifically addressed inRlae.

NDE Material Compatibility ThePlan shall address compatibility of NDE materials
and processes with the hardware.

FractureCritical Partg The Plan shall address how the listing of all FracGmécal
parts, created according to the Fracture Control Plan, will be integrateNiiih
requirements. ThBlan shall address Special NDE and Standard NDE methods in
accordance with NASATD-50009.

NDE During Operations and Maintenaricéhe NDEPlan shall address the NDE
requirements necessary to assure the health and integrity of dweahathroughout its
life cycle. The NDEPlan shall address NDE requirements during operations and
maintenance of those parts that are susceptible to dasumipeas impact, corrosion,
material degradation and wear, etc. The NPdh shall address NDE reilgements for
inspecting repaired parts. TR&n shall address the NDE procedures and physical
standards required to perform the operations and maintenance NDE inspections.

NDE Reporting and Record RetentibiThe NDEPIan shall describe the NDE
nonconfomance reporting system, record retentenmd traceability.

Process Audit ThePlan shall address periodic auditing of NDE processes at prime
contractor, vendor&nd subcontractors to verify compliance with the NDE requirements
established in thBlan.

Personnel Training The NDEPIan shall identify formal training and certification
requirements for NDE Inspection in accordance with NAS AIAS Certification and
Qualification of Nondestructive Test Personnel

13.4 FORMAT: Electronic, Wor@-compatible doement or Adob® PDF.

13.5 MAINTENANCE : Changes to the document proposed by the contractor shall be
submitted to NASA for approval. Complete reissue of the document is required.
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DATA REQUIREMENTS DESCRIPTION (DRD)

PROGRAM: 2. DRD NO.: XXXX
DATA TYPE: 4. DATE REVISED:
5. PAGE: 1

TITLE: Additively Manufactued Hardware Manufacturing and Qualificatidar

DESCRIPTION/USE:

The Additively Manufactured Hardware Manufacturing and Qualification Blaall
addresghe manufacturing processntrols and hardware qualification process
implemented to ensure repeatable manufacture of additively manufactured (AM)
structural hardware with consistent structural properties

DISTRIBUTION: As determined by the Contracting Officer.
INITIAL SUBMIS SION: PDR

SUBMISSION FREQUENCY: The contractor may submit updates/revisions at any
time.

REMARKS:
INTERRELATIONSHIP:

DATA PREPARATION INFORMATION:

SCOPE

The Additively Manufactured Hardware Manufacturing and Qualification Blaall
addess the process faranufactureind verification of materials propertigess AM
structural hardware

APPLICABLE DOCUMENTS:
NASA-STD-6016A, Standard Materials and Processes Requirements for Spacecraft

CONTENTS:
The Additively Manufactured Hangdare Manufacturing and Qualification Plan shall
addresshe following elements:

a. Risk Classification of each AM part, based emsequence of failuyenarginof
safety andbuild complexity

b. Development oPart Development Plaf®DP) todocumentlie implementation and
interpretation of the requirements for each AM p@@DPs are configuratien
controlled documest enforced byeach engineerindrawingfor an AM partto
conveyall process controls and requirements not within drawing rjdtes
engheering drawing/PDP should addresstlassification and rationaleitness
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sampling requirements and acceptance critérermal processingirft article
evaluations and reampling periodsbuild orientation, platform material, and layput
special ckaning requirementsepair allowance;nspection requirementsritical
dimensionsany other factors that affeghysical/mechanicairoperties.

c. Development of process controls on metallurgical proaasstituentsincludingthe
assembled part buildé; feedstock controjschemistry powderfeedstock (including
recycled powder)fusion process contro{eachine typeand operating grameters:
laser power, speed, layer thickness, hatch width), eimmber atmospherehamber
contamination controbnd thermal processing controls

d. Controls onAM -related equipmenincluding addressingpdatego improve machine
performance.

FORMAT: Electronic, Wor-compatible document or AdoB&DF.

MAINTENANCE : Changes to the document proposed by the contrsicatirbe

submitted to NASA for approval. Compderassue of the document is required.
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APPENDIX E

REFERENCES
E.1 Purpose and/or Scope

The purpose of this appendix isgoovide reference material for background information only.
The referenced seotis below refer to this NASA Technical Standdndcase of conflict, refer
to paragraph 2.4.

E.2 Reference Documents

DOT/FAA/AR-03/19
(Reference Section
4.1.81)

NASA NPR 8020.12
(Reference section
4.2.6.7)

NASA-STD-5012
(Reference section
4.1.8.)

NASA-STD-5019
(Referencesectiors
4.1.8.1and4.1.8.9

NASA/CR-2005
213424(Reference
sectiord4.2.3.9

NASA-STD-5005
(Revision D or later)
(Reference section
40)

NASA/TM-2007
213740 (2007)
(Referencesection
4.2.1.9

NASA/TM-2016
218602 (2016)

Material Qualification and Equivalency for Polyme
Matrix Composite Material Systems: Updated
Procedure

Planetary Protection Provisions for Robotic
Extraterrestrial Missions

Strength and Life Assessment Requirements for
Liquid-Fueled Space Propulsionssgm Engines
Fracture Control Requirements for Spaceflight

Hardware

Lubrication for Spae Applications

Standard for the Design and Fabrication of Grount
Support Equipment

Guide for Oxygen Compatibility Assessments on
Oxygen Conponents and Systems

Hydrogen Embrittlement
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Reference section
4.2.6.4)

NASA-TM-86556
(1985)(Reference
section4.2.3.9

ANSI/AIAA G-095
(Referencesection
4.2.6.9

ASTM E1559
(Referencesection
4.2.36)

ASTM E2900
(Referencesection
4.2.3.9

ASTM G63
(Referencesection
4.2.1.49

ASTM G88
(Referencesection
4.2.1.49

ASTM G94
(Referencesection
42149

ASTM MNL 36
(Referencesection
42149

AWS G2.4/@.4M
(Reference section
4.2.46.1)

SAE AMS2453
(Referencesection
4.2.2.2.)

NASA-STD-601a8

Lubrication Handbook for the Space Industry, Part
Solid Lubricants, Part B: Liquid Lubricants

Guide to Safet of Hydrogen and Hydrogen System

Standard Test Method for Contamination Outgass
Characteristics of Spacecraft Materials

Standard Practice for SpacecitdérdwareThermal
Vacuum Bakeout

Standard Guide for Evaluating Nonmetallic Materi:
for Oxygen Service

Standard Guide for Designing Systems for Oxygel
Service

Standard Guide for Evaluating Metals for Oxygen
Service

Safe Use of Oxygen and Oxygen Systems:
Handbook for Design, Operation, and Maintenanc

Guide for tle Fusion Welding of Titanium and
Titanium Alloys

Low Stress Grinding of Steel Parts Heat Treated t
180 ksi or Over, and Low Stressi@ling of Chrome
Plating Applied to Steel Parts Heat Treated to 180
or Over
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SAE CMH-17-5 Composite Materials Handbook Volume 6eramic
(Reference section Matrix Composites

4.1.8.1)(Scheduled for

publication in 2017)
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