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MSrC-STD~506C
FOREWARD

The importance of proper material and process ogontreol in the
fabrication and testing of Fflight components has been demon-
strated in various aerospace and military programs, Past
experience has established acceptablae requirements for dontrol-
ling the material and process selections to minimize or
eliminate problems in these areas. This dooument defines the
minimum requirements necessary for adequate materials and pro-~
gesses gcontrol of all space flight hardware and designated
ground support equipment.

It is intended that this doocument be inocorporated in the techni-
cal requirements speoifications for flight hardware and
designated ground support squipment and be revised as neoessary
to incorporate additions or deletions to refleot current materi-
als and processes control requirements.

Revision C supersedes the previous issue of this specification.
This reviasion reduces the number of MSFC specifications, simpli-
fies material reporting requirements, and adds Data Requirements
as necessary.
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MEFC STD 9034 1

1.0 INTRODUCTION
1.1 PURPOSE

The purpose of this document is to define the minimum
requirements for materials and processes for incorporation in
spage flight hardware procurements, technical programs, and des~
ignated ground support equipment,

1.2 scops

This dooument is primarily directed towards materials
and processes used in the design, fabrication, testing, han-
dling, transportation and checkout of flight components for
flight vehiole systems, payloads, experiments, designated ground
support equipment, and standard parts. It also inocludes the
dooumentation requirements for approval ‘and selection methods
and proouring aotivity responsibilities.

1.3 APPLICABILITY

This standard is applicable to in-house and contractor
materials and process ocontrol primarily during definition,

design and development, and operational . phases of
programs/projeots. '

1.4 APPLICABLE DOCUMENTS

The following documents form a part of this speocifioca~
tion to the extent indiocated herein,

1.4,1 National Aeronauties and Space Administration

8P<8603 = Lubrication, Frietion, and Wear
NHB 8060.1B =~ Flammability, Odor and Offgassing
) Requirements and Test Procedures
for Materials in Environments
whioh Support Combustion

1.4,2 George C. Marshall Space Flight Center

MSFC-STD~655 ~ Standard Weld Filler Metal,
Control or
MSFC~SPEC~250A ~ Protective Finishes for Space

Vehigle Structures and Assoclated

Flight Equipment

MSFC-SPEC~455 ~ Requirements for Adhesive Bonding,

Prooess, and Inspeotion

MSFC~SPEC~560 ~ Welding, Steels Corrosion and Heat

Resiatant
MSFC~SPEC~-469 - Heat Treatment of Titanium and
Titanium Alloys i



1.4,2

1.4,3
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George C. Marshall Space Flight Center (Continued)

MSFC~STD~486 ~ Threaded Fasteners, Torque Limits for
MSFC»SPEC~504A ~ Welding, Aluminum, and Aluminum
Alloys
MSFC~SPEC-522A - Design Criteria for Controlling
Stress Corrosion Cracking
MSFC~STD~557 ~ Threaded Fasteners, 6Al-UV Titaniunm,
Usage Criteria for Spacecraft Applioca~

tions
MSFC-SPEC~527E/ - Material Seleotion Guids for MSFC
JSC 0960U4E Spacelab Payloads
No Number - MSFC Lubrication Handbook for Space
Industry

Lyndon B, Johnson Space Center

SP~R~0022A ~ Vacuum Stability Requirements of
Polymeric Materials for Spacecraft
Appliocations

Handbooks

MIL-HDBK~5C - Strength of Metal Airoraft Elements
MIL~HDBK~17A ~ Plastlias for Flight Vehiocles
MIL-HDBK~23A =~ Structural Sandwich Compoaites

Standards

it o . g e s et i S
.

MIL-8TD~143B - Order of Precedence for the Selection

' of Standards and Specifications
MIL~-STD-401B - QGeneral Test Methods, Sandwich

' Constructions and Core Materials
MIL-STD-US5UF - General Requirements for Eleotronic
Equipment

MIL~STD~810C - Environmental Test Methods
MIL5STD=~1595 ~ Aerospace Weldsr Performanoce

’ Qualifications

Specifiocations

MIL-B«7883B < Brazing of Steels, Copper, Copper
Alloy, Niokel Alloys, Aluminum and
Aluminum Alloys
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1.0.4 Military
MIL-8~5002 ~ Surface Treatments and Inorgania
Coatings for Metal Surfaces of
Weapons Systems

MIL-C=6021G - Castings, Classifioation and
’ Inspection of
MILrH-6088E -~ Heat Treatment of Aluminum Alloys
MIL-H~6875F =~ Heat Treatment of Steels (Process
for airoraft practice)
MIL-H-81200A - Heat Treatment of Titanium and
' Titanium Alloys
MIL-1-6870E - Inspeotion Program Requirements,
Nondestructive: For Aireraft and
Miassile Materials and Parts
MIL-~1-8950B ~ Inspeotion Program Requirements,
Nondestructive: For Aircraft and
Missile Materials and Parts
MIL-S~8879A - Sorew Threads Controlled Radius
Root with Inoreased Minor Diameter,
General Specification for
MIL-T-9047GC - Titanium and Titanium Alloy Bars
and Forging Stook

2.0 GENERAL REQUIREMENTS
2.1 POLICY

Materials and processes used in the fabrication of
spacse flight or supporting hardware shall be seleoted by oconsid~
ering all operational requiremsents for the partioular
application and the deaign engineering properties of the candi~
date materials, The primary properties that shall be considered
inolude mechaniocal strength, low and high oycle fatigue, thermal
fatigue, thermal stability, fraocture toughness, corrosion and
stress ocorrosion behavior, resistance to hydrogen embrittlement,
erack growth charaoteristics, flammability, and habitation envi-
ronment inoluding offgassing and outgassing. Test data is
tabulated in MSFC-HDBK~527/JSC 09604, A prooedure shall be
established to insure that materials, gcomponents, standard parts
and proocesses used in hardware meet the requirements of this
specifioation, with particular emphasis given to vendor designed
and off-the~shelf itemns.

2.1.1 Materials Selegtion List - Each project shall
use a Materlals Seleotion List (MSFCrHDBK=527/JSC 09604) for
materials selection during design. The materials in this list
are rated based on oriteria established in NHB 8060.1,
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SP~R-0022, MSFC-~SPEC-~522, eto. The list shall be maintained by
MSFC Materials and Proocesses ‘Laboratory and distributed, as
required, to assoclate contractors, subcontractors and to other
NASA Centers. Addition of materials to the list shall require
approval as defined in the contraot.

2.2 CONTROLLING DOCUMENTS

All materials and processes shall be defined by stan~-
dards and specifiocations, Contractors shall select standards
and speolifications from Government, industry, and company speci-
fioations and standards in acocordanoce with MIL=S3TDr~143B except
that NASA documents shall be considered first in the*' order of
precedenas. Rationale for the selection of company specifica~
tions and standards over sxisting higher order of precedence
standards and specifications shall be compiled and maintained
for historiocal record and shall be made available to NASA upon
request, The rationale shall ineclude an ldentification of each
higher order of precedence specification or satandard examined
and a statement of why eaoch was unacceptable. For purposes of
order of precedence, commercial materials and ‘prooesses shall be
oonsidered equivalent to company standards. All Government
gpecifications or standards requiring speoial "approval authority
by the oustodian or preparing aotivity of the dooument shall
have all approval requests direoted to the responsible NASA pro~
curing aotivity. Suoch approval requests shall be submitted only
when speoified herein, or when specifically requested by procurs
ing aotivity.

2.3 SPECIAL MATERIAL PROBLEMS

Materials or proocesses whigh might contribute to
deterioration of structural members shall receive special con~
sideration. Deterioration mechanisms which can degrades the life
expectanoy of parts {nolude, but are not 1limited to, galvanio
gorrosion, stress corrosion, hydrogen embrittlement, oreep,
fatigue (inoluding thermal), flaw growth, oxidation, space vao~
uum, and radiation exposurse. Precautionary measures are
inocluded in the requirements of this document, these measures
are oconsidered to be minimal, and the contraotor is direoted to
insure that any potential deterioration mechanisms are evalur
ated, reviewed and resolved prior to production of the related
hardware, NASA shall be promptly notified of the presence or
discovery of any deterioration mechanisms affeoting flight hard-
ware structural integrity and shall be permitted to assist the
contrastor in the resolution of such problems as necessary,

2.3.1 compliange Requirements = The contractor

shall compile data to eatablish that all known factors
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influenoing deterioration of the candidate materials have been
evaluated in the design., Complianoce shall be reoorded by refeprw
ence to this dooument in the applicable end item specification
for the particular assembly or component part. In addition, the
contraotor shall provide, in his internal speoification and pro~
oedures, the requirement that all design drawings and revisions
contain a materials and processes approval blook, or equivalent,
to assure that the design has been reviewed and complies with
the intent of this dooument. All data compiled by the oqontrao~-
tor to meet the requirements of this paragraph, shall be subject
to review and approval by NASA on request,

2.4 FRACTURE CONTROL
2.4.1 Fraoture _ Control Requirement = Struotural

fallures due to orack-wlike flaws shall be prevented on parts
designated as oritical to vehigcle and orew survival by the
application of fraoture control to these parts. The identifioca~
tion of fracture oritical parts will be bassd on the parts
funotion, load, environment, life analysis, material, and acocear
sibility for inspeotion during fabrication and operation of the
vehiocle. Typilcal charaoteristics of a fracture ocontrol part
are: )

a, Fallure of the part will cause loss of the
vehicle or orew.

bs, Predicted operational stresses are a signifi-
cant fraction of oritical stresses considering the 1load,
environment, and 1life requirements of the part.

0. The part 1s not routinely accessible for pre=
flight Ainspection.

2.4.2 Fracture Control Plan ~ A fraoture control
plan shall be developed to provide the following:

a. Identification of ocomponents selgcted for
fraoture ocontrol on the basis of oriticality to structural
flight worthiness and Busceptibility bto craocking or fracture per
NASA SP~8040 and NASA SP-8095,

b, Definition of organization responsibilities
and procedures relsvant to fraoture control,

Q. Maintenanoce of a continuing quality assurance
activity. | ‘

d. Appropriate review, performance appralisal,
and oontrol by management.

The fracture control plan shall treat all organizations and dis~
oiplines which affeot fracture control, and shall be approved by
NASA prior to implementation. Examples of organizational
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reéponsibillties whioch ocould affeoct fracture ocontrol shall
inelude, but not be limited to the following:

a. Design - Fraoture oritical parts shall be
designed using sound and established design prooedures which
inolude considerations for minimizing eccentricities and streas
concentrations, providing access and clearance for in=service
inspections and tests, and part dooumentation and identification
requirements,

* b Materials and Processes ~ Fraoture ocontrol
gonsiderations shall be an integral part of the materjals and
proocesses selection task for oritical parts and will {nclude
considerations such as toughness, flaw environmental and cyclio
growth rates, effects of fabrication and Joining processes,
environmental effects, and NDE teohnique ocapabilities,

a. Struotural Analysis - A fracture‘ mechanies
evaluation that supplements normal struetural static and fatigue
analyses will be conducted ' for all oritical parts and will
inolude such oonsiderations as size and location of initial
flaws, proof test and/or inspection requirements, definition of
fracture test requirements, and ‘analyses of fracture test
results.

d., Relliability and Quality Assurance - The reli-
abllity and quality assurance system applied to fracture
critiocal parts will verify that materials and parts conform to
engineering requirements. Specifioally, the capability of NDE
teohniques to reliably deteot initial flaws defined by engineer~
ing will be verified based on applicable production experisence
or by laboratory demonstration with realistic Fflaws and produc~-
tion or - in-servioge inspeotion conditions, Other
responsibilities include receiving inspection, quality review
and reporting, failure documentation, traceability, and person~-
nel ocertification.

Q. Manufacturlng ~ Manufaoturing will select
and/or establish fabrication teochniques to be used in processing
fracture critical parts and will insure that these teachniques
are oompatible with fraoturs control requirements.

| Tests - Testing which relates to fracture
oontrol includes fraoture control verification tests, normail
statio and fatigue structural tests, in-service struotural tests
ing and monitoring, and proof tests, Proof testing of all
preasure vessels will be mandatory. Consideration will be given
to- obtaining beneficoial fracture control data from the normal
astatio and fatigue structural verification tests,

g, Operations and Maintenanoce ~-Operations will
prepare a detalled inspeotion manual for all fraoture oritioal
parts as well as maintain an acourate record of service experi-
enoce. Maintenance will provide environmental or handling
eontrol for fracture c¢ritical parts inoluding Lnactive or




storage periods, to assure that structural Integrity is not
degraded,

2.5 MATERIALS AND PROCESSES SELECTION AND VERIFICATION PLAN

The gontractor shall prepare a Materials Selection and
Verification Plan (see DR-1) defining a proposed method of coopr-
dinating and approving all engineering drawings for flight
hardware and ground support equipment (GSE) before design con~
cepts are finalized, In addition to this plan, approval of
engineering drawings ahall inolude sign-off by the materials and
prooesses disoipline for each materials appliocation utilized,
The Materials and Processes Selsotion and Veriflcation Plan
shall refleot conslderation of the following general
requirements:

a, Flow diagrams delineating materials and pro-
cesses control from design or procurement until flight shall be
provided, Such diagramas shall refleat the proposed routing of
drawings -and revisions through materials evaluation, drawing
sign-off, Program Manager approval of deviations, and ra=pouting
resulting from disapproval of the material or application.

b, Procedures for identification and documenta-
tion of all material and prooess usages shall be provided (see
attaohed DR's)., 5Such proocedures and format will depend upon the
speoific hardware required by contraot, but shall cover both the
original design and subsequent changes. As a minimum, materi-
als, parts and components must be identified by trade name,
usage senvironment, thiockness, surface area, and detail drawing
or part number, temper and form for metals and specifioation
number shall bes specified,. This 1list shall be submitted to
NASA for review as specified in the applicabls DR, This 1list
shall, 1in addition, reflect consideration of all aspects of the
usage environment as applicable, intermittent exposure, protec-
tive mgasures, coatings and finishes, odor, offgassing,
outgassing, corrosion, stress gorrosion, flammability, 1lox/gox
compatibility, hydrogen embrittlement and inherent resistange to
the wuse of environment such that sufficient information to
establish a selection rationale is provided. Where batch test-
ing 1in lox/gox is required before material qualification can bhe
determined, ocertification of the batch test shall be provided to
the proouring aotivity upon request,

2,51 Material Usage Agreement (MUA) DR~2 = A pro-
cedure shall' be established as part of the Materials and
Processes Seleotion and Verification Plan whereby MUA's are sub~
mitted for each usage of a material or process that does not
meet the requirements of this standard., These MUA's shall be
signed by the Program Manager for that hardware. This prooedurs




MEFE GTE vt

shall include methods of {dentifying dooumentation and submittal
to NASA for approval of these usages prior to inelusion in final
design. It should also addresas ways of informing NASA of tLthess
usages as soon as they are identifled, The information speoi-
fied on the MUA is required, as a minimum, This must 1i{nolude
suffiolient rationale to assess these usages. :

2.5.2 Vendor Hardware ~ 3 procedure to ensure that
all materials and processes are ocovered by the requirements of
this speoification, with emphasis given to vendor designed and
offsthe~shelf items and vendor furnished items, shall be
established by the ocontractor, This progedure shall also
inelude speoial consideration for off«thenshelf hardware where
detail materials and processes information may not be available
or it may be impraotical to impose all the detail requirements
specified In this standard. This prooedure shall ineclude provi-
sions for ensuring that this hardware is satisfaotory from an
overall materials and processes standpoint,

2,6 PROCESS SPECIFICATIONS

A llst of all proocess specifications, with oritical
process specifications designated, as specified in the attached
DR~3 and utilized in construction of flight level hardware shall
be submitted to the proouring aotivity 1in accardance with a
sohedule to be established in the contract. All prooess speci-
fiocations are subjeot to review and approval by NASA.

2.7 MATERIALS APPLICATION AND EVALUATION BOARD (MAEB)

An MAEB shall be established for each MSFC project to
disposition materials and processes that do not meet require-
ments, The membership of this board shall consist of the
following as a minimum, Chairman - Director, Materials and
Proceases Laboratory; Secretary - Chief, Materials Seleoction and
Control Office; one member from Chiaf Engineers 0ffice; one mem~
ber from the Project Office; and the Materials and Processes
Laboratory Lead Engineer,

2,8 MANUFACTURING PLAN

Each projeot shall prepare for NASA approval a
Manufaoturing Plan as defined in the attached DRwi. '

3.0 DETAIL REQUIREMENTS




3.1 METALS

MIL-HDBK-5 shall be the basic doocument defining
strength allowables, and mechanical and physical properties of
metallio materials, A word of caution is in order. Most pro-
ourement specifications, 1inspeotion and property requirements
are optional, therefore, it {s imperative that these requirer
ments be speoified In the procuremsnt dooument.,

3.1.1 Aluminum - Maximum use shall be made of
alloys, heat treatment and coatings that minimize susceptibility
to general corrosion, pitting, integranular, and strees gorro+«
sion. Aluminum alloys 2020~T6, T7070~T6, and 7178=T6 shall not
be used for struoctural appliocations unleas specifically approved
by the proouring activity. The use of 7075~T6 sheet materials
18 allowed provided short transverse loads (design, fitup, ther-
mal, and residual) are below acoeptable stress corrosion limits
and that proven oorrosion protection systems are provided,
Other forms of 7075 shall be heat treated to the -TT3 temper,
The use of aluminum alloys is also subjeat to the requilrements
of paragraph 3.2.5 as specified herein.

3.1,1.1 Heat Treatment - Heat treatment of aluminum
alloye shall be in acoordance with MIL~H-6088 except that for
2219 alloy the maximum quench delay times permitted may be
exoeeded only if performance tests prove all parts will be above
900°F when quenched.

3.1.2 Stesls - Steels heat treated to strength lev-
els of 180 ksl ultimate tensile strength or above shall be
approved for each application by the NASA proouring aoctivity,

3.1.2.1 Heat Treatment - Heat treatment of steels
shall be in accordance with MILrH~6875., Heat treatment proces
dures not inoluded in MIL-H-6875 shall be approved by the NASA
proocuring agtivity. All high strength steel parts heat treated
at or above 180 ksi ultimate tensile strength shall inolude
appropriate ‘test ocoupons or speocimens from the same heat of
material as the part. These coupons or specimens shall accom-
pany the part through the entire fabrication gyole, to assure
that required properties are obtained, Steel parts which have
been aocid cleaned, plated, or exposed to other hydrogen produec~
ing processes shall be subjected to the following requirements.

a, Those having a hardness of Rookwell C35 to
CH1 shall be baked at 375 + 25°F (191 + f4°C) for X4 hours or
more, o '

b. Those having a hardness of Rookwell CU1 or
higher shall be baked at 375 + 25°F (191 + 14°C) for a minimum
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of 23 hours. 1In addition to baking, these parts shall pass the
qualification test for hydrogen embrittlement as specified {n
MIL~S~5002,

3.1.2.2 Drilling and Grinding of High Strength Steels

The drilling of holes, inocluding beveling and
spot faaing, machining, grinding, or reaming in martensitic
steel hardened to 180 ksi ultimate tensile strength or above
shall be avoided. 'When such operations are unavoidable, carbide
tipped tooling and othenr teohniques neasssary to avoid formation
of untempered martensite shall be used, Miorohardness and met-~
allurglocal examination irf untempered martensitic areas are
formed as a result of the specific operation performed.

3.1.2.3 Corrosion Resistant Steels - Unstabilized
austenitio stainless steels may be used up to T700°F (371°C).
Welded assemblies shall ba solution heat treated after welding,
except for the stabilized or low carbon grades 321, 347, 316L
and 304L, Caution shall be wexeraised in using 400 series
8tainless steels to minimize hydrogen embrittlement, ocorrosion ,
and stress corrosion,

3.1.2.4  Preoipltation Hardening Steels - Many of the
precipitation hardening %FhT“stainless 8teels are susceptible to
stress corrosion and hydrogen embrittlement 4in oertain heat
treated oconditions and these tempers shall be avoided., Heat
treatments are coritical with many of these steels and improper
control o¢an result in exceeding the threshold for stress corro-
slon resistance. The design activity shall assure that
controlled processing proocedures arse ugsed for these steels and
shall maintain processing and proourement records, as appropri-
ate, for reference. Preocipitation hardening steels shall also
conform to the requirements of MSFC=SPECr522.

3.1.3 Titanium - Moat titanium alloys have 1limited
hardenability with™ seotion size and should not be used in seog~
tions whioh exceed their specified 1imits. The variation of
mechaniocal properties with section size as heat treated is indi-
cated in Table II and III of MIL-T~9047 (USAF), For candidate
titanium alloys other than those listed 1in MIL»Tn9047 (USAF),
eimilar information shall be obtained by the contractor and
approved by NASA prior to final selection, The surfaces of
titanium parts shall be maohined or chemically milled to elimi~
nate all contaminated zones formed during proocessing,

. 3.1.3,1 Heat Treatment - Heat treatment of titanium
and titanium "alloy parts shall meet the requirements of
MSIC~SPEC-469, For titanium alloys not covered by MSFC-SPEC-
H69, heat treatment shall meet the requirement of MILpH=»81200.
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3.1.3.2 Titanium Contamination - The use of cleaning
fluids and- other chemicals that are detrimental to performance
of titanium or titanium alloy parts shall be avoided, Surface
contaminants that might induce stress corrosion; hydrogen
embrittlement, or reduce fracture toughness are: hydrochlorio
asid, oadmium, silver, oahlorinated cutting oils and solvents,
methyl aloohol, mercury, and compounds containing meraury. The
use of these substances on or with titanium is prohibited.

3¢143.:3 Fretting of Titanium - Titanium alloys are
susoeptible to the reduotion of fatigue 1life by fretting at
interfaces between titanium alloys or titanium and other metal
parts; therefore, structural applications of titanium shall be
designed to avoid fretting,

3.1.3.4 Titanium Fasteners - Titanium fasteners shall
meet the requirements of MSFC~STD+557, See paragraph 3.2.6.4
for additional requirements. '

3.1.4 Magnesium - Magnesium alloys shall not be
used exgept in areas where minimal exposure to corrosive envi-
ronments ocan be assured and proteotion systems can be maintained
with ease and high reliability. Magnesium alloys shall not be
used in the primary flight ocontrol system, for landing gear
wheels, for primary structure, or in other areas subjJeot ¢to
wear, abuse, foreign object damage, abrasion, erosion, or at any
location where fluid or moisture entrapment is possible,

3:.1.5 Beryllium - Beryllium and beryllium alloys
shall be restrioted to applioations in which their properties
offer definite performance and cost advantages. Additionally,
the capability of beryllium parts to provide reliable servige
and predictable 1ife must be demonstrated by preproduction test
under simulated service oonditions, including any expected oor-
rosive environments. Design of beryllium parts shall inolude
consideration of its low impaot resistance and notoh sensitiv=
ity, particularly at 1low temperatures, and its directional
material properties (anisotropy) and sensitivity to surface fin~-
ish requirements.

3.1.6 Mercury - Meroury and many sompounds
containing mercury can cause accelsrated stress craoking of alu-
minum and titanium alloys. The use of temperature sensing
devices, eleotrical devices, and any other device containing
mercury or oompounds of merocury shall be prohibited as installed
equipment or for usage during fabriocation of space flight struar
tures and subsystems.
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3.1.7 Refraotory Metals -~ Sinoe engineering data on
refractory alloys are limited, especially under extreme snvirons
mental usage for spacecraft, appropriate tests shall be
performed to charaoterize such materials for the intended appli-
cation. Reaults of such tests and related engineering data
shall be oompiled and made available to the NASA procuring
agtivity upon request. Application of refractory alloys shall
be approved by the NASA proouring activity.

3,1.8 Superalloy (Nickel-Based and Cobalt-Based) -

Nickelrbase and cobalt-base superalloys pos~
sess various gcombinations of high temperature mechaniocal
properties and oxidation resistance up to approximately 2000°F, -
Many of these alloys also have exgellent cryogenioc temperature
propertiss, Selection of a superalloy for a given application
ahall be based on tests of the material in an environment which
simulates that expeoted in service., Some niokel-base alloys are
susceptible to sulfur embrittlement. Therefore, any foreign
material which could contain sulfur, such as oilas, grease and
outting lubriocants shall be removed by suitable means prior to
heat treatment or high temperature service. Some of the preoip-
itation hardening superalloys are susceptible to alloying
element depletion at the surface in a high temperature, oxidiz~"
ing environment. This effect shall be carefully evaluated when
thin sheet is wused, since a slight amount of depletion ocould
involve a considerable proportion of the effective crosas-section
of the material.

3.1.9 Other Metals - In addition to the requirement
of this dooument, the contractor shall meet the metallic materi-
als requirements specified 1in the appliocabls contraatual
dooument for the particular hardware or subsystem,

3.2 SPECIAL METALLIC MATERIALS REQUIREMENTS
3.2.1 Forgings _ Beoause mechanical properties are

maximum in the direction of material flow during forging, tech-
niques shall be used that produce an internal grain flow pattern
such that the direoction of flow in all stressed areas 'is essen~
tially parallel to the princoiple tensile stresses. The gralin
flow pattern shall be essentially free from reentrant and
sharply folded flow 1lines. After. the forging technique,
inoluding degree of working is established, the first production
forging shall be seotloned to show the grain flow patterns and
to determine mechanical properties at control areas. The procen
dure shall be repeated after any ohange 1in the forging
teohnique, The information gained from this effort shall be
utilized to redesign the forging as necessary. These data and
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results of tests shall be retained by the contraotor and be made
avallable for review by NASA on request. Forgings shall be
graded acoording to the oriteria in MIL-I~8950,

3.2,2 Castings - Caatings shall be graded acoording
to the oriteria in MILnC~6021, Castings shall not be used withw
out prior approval of the proouring NASA agenoy,

3.2.3 Residual Stresses ~ Residual stresses are
normally induced into manufactured parts as a result of forging,
maohining, heat treating, welding, or special metal removal pro~-
oesses, Residual stresses are generally controlled or minimized
during the fabrication sequence by special heat treatment such
as annealing, peening, and stress relieving. Bven with in=
prooess ocontrols to minimize the potential buildup of residual
stresses, the final production parts will usually oqontain some
residual stresses. These stresses may be harmful in structural
applications when the part s subjeected to fatigue 1locading,
additive operation stresses, or gorrosive environment,
Therefore, every available effort should be made by the contrao-
tor to eliminate or minimize residual stresses from finished
struotural parts,

3.2.4 Sandwich Assemblies -~ Sandwich assemblies
shall be designed to prevent the entrance and entrapment of
water or other contaminants into the cors structure. Perforated
or other ocore configurations which ocould allow moisture transfer
shall not be used unless approved by NASA., Sandwioch assemblies
shall satisfy the requirements of MIL“HDBK~23 and test methods
for sandwich constructions and ocore materials shall meet the
requirements of MILnSTD-401, Should materials not covered by the
above aspecifications be required for high temperature or other
special applications, NASA approval shall be obtained prior to
final seleotion and design.

3.2.5 Stress Corrosion Factors - The griteria of
MS8FC~8PECr522 shall be used to seleot metallic materials to conw
trol stress corrosion oracking, It is recognized that fop many
appliocations involving unfamiliar materials, or unusual combina~-
tions of materials and environments, existing data on stress
corrosion susceptibility will be insuffioient. To ensure ades~
quate stress oorrosion resistance in these situations, 1t will
be necessary to oonduot a detailed evaluation of susceptibllity.
The reaults must be submitted to NASA for review, and NASA
approval will be required before the material can be used op
incorporated in a design under the circumstances in question,
The medium for submittal will be the Materials Usage Agreement
(MUA). In addition, all materials applications other than those
explioitly approved according to the oriteria set forth in this
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doocument will be predicated on NASA approval of an MUA submitted
either by prime contractor or by a subocontractor through the
prime. The MUA will contain the information speoified on the
Stress Corrosion Evaluation Form, attached as Appendix C of
MSFC~SPEC~522, along with any other information deemed hecessary
for the acourate asseasment of the potential for stress corro-
gion fallure, Whers possible, similar usages of the same or
similar alloys should be submitted on a single MUA. Alloys and
heat treatment whioh result in high resistance to stress gorro-
sion oraoking shall be utilized in all structural load carrying
applications. Partioular emphasis shall be 1in the area of
design, fabriocation, and installation of parts to prevent the
sustained surface tensile stresses for exoeeding the stress agopr-
rosion threshold limitations for the particular material and
grain-flow orientation, Stress corrosion threshold values are
generally determined by aotual testing,

NOTE: Sustalned surface tensile stresses are deflned as the
algebraio sum of all the continuous tension and compression sur-~
faoes atresses resulting from any source such as heat treatment,
forming, assembly, and in some cases design.

3.2.5.1 Steel Alloys -~ Carbon and low alloy steel
with ultimate 'tensile strengths below 180 Ksi are generally
resistant to stress oorrosion cracking, Austenitic stainless
steels of the 300 series arse generally resistant. Martensitic
stainless steels of the 400 series are more or less susceptible
depending on composition and heat treatment. Precipitation
hardening stainless steels vary in susoceptibility from extremely
high to extremely low depending on composition and heat treat-
ment. The susceptibility of these steels 18 partiocularly
sensitive to heat treatment, and special vigllance 1s required
to avoid stress corrosion cracking problems,

3.2.5.2 Aluminum Alloys - Many aluminunm alloysa
exhibit exdellent resistance to stress corrosion oracking in all
standard tempers. However, the high strength &alloys, which are
of primary interest in aerospace applications , must be
approached cautiously. Some are resistant only in the longitu-~
dinal grain direotion, and the resistance of others varies with
the specific temper. Because metallurgical processing of alumi-
num alloys usually results in a pronounced elongation of grains,
the variation of susceptibility with grain ortentation is more
extensive than for other metals. Also, because of conventianal
processing methods designed to optimize strength, residual
stresses, espeaially 1in thiok seotions, are usually greater in
aluminum produets that in wrought forms of other metals. It 1is
for this reason that wrought, heat treatable aluminum products
8peoifled for use in the fabrication of hardware should be
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mechanically stress relieved (the TX5X or TX5XX tempar
designations) whenever possible.

Both the residual stress distribution and the grain
orientation must be ocarefully considered in designing a part to
be machined from wroyght aluminum. Machining will not only
alter the atresa distribution, it may also result in the expo~
sure of a short transverse region on the surface of the finished
part whioh will see tension in mervige,

3.2.5.3 Copper - Natural atmospheres containing poler
lutants of sulfur dloxide, oxides of nitrogen, and ammonia are
reported to cause s8tress cqorrosion cracking of some copper
alloya, Chlorides present 1in marine atmospheres may cause
stress corrosion problems but to a lesser extent than the previ-
ously 1listed pocllutants, which indicates that industrial areas
are probably more aggressive than marine sites to gopper base
alloys. Many copper alloys containing over 20 percent zing are
susceptible to atreass corrosion cracking even in the presence of
alloying additions which normally lmpaot reasistance to stress
gorrosion, ‘

3.2.5.4 Niokel - As a olass, alloys with high nickel
content are resistant to stress corrosion craoking,

3.2.6 Corrosion Prevention and Control =~ All parts,
assemblies, and equipment, including gspares, shall be finished
to provide protection from corrosion In accordance with the
requirements of MSFC-SPEC-250. The ocontraoctor shall apply
agoceptable oorrosion prevention and aontrol measures and insure
that they are properly integratad during system definition,
engineering development, design, and operational phases. All
corrosion prevention and control measures initiated by the o¢on-
tractor are subjeot to review and approval by NASA on request.
Acoeptabls corrosion prevention and control measures ahall be
implemented and such ocontrols shall be integrated into system
definition, engineering development, and design and operational
phases, Some specific corrosion control measures that shall be
implemented ineclude, but are not limited to, the following:

a. All permanently installed, non-removable fas~
teners penstrating surfaces logated in exterior or intaerior
gorrosive environments shall be installed with a corrosion
inhibiting primer or sealant, Quick release fastsners and
removable fasteners penetrating surfaces in exterior or interior
corrosive wenvironments, shall be so designed and inastalled to
provide a seal which will prevent moisture or fluids from enter-
ing the fastener hole. Sealants used in this manner shall be
oompatible with the media whiah they contact., Other techniques
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for corrosion prevention at the fastener interface may be used subject to review and
approval by the NASA procuring activity.

b. Joints and seams located in exterior or interior corrosive environments,
including those in landing gear wells, control surface wells, attachment wells,

and structure under fairing shall be faying surface sealed. Selection and use of

sealants shall be subject to the provisions of Section 3.2 herein. Removable
panels and access doors in exterior or interior corrosive environments shall
be sealed either by mechanical seals or by separable faying surface sealing.

3.2.6.1 Corrosion Prevention and Control Review -

Periodic reviews at the major contractor or subcontractor’s facilities shall be conducted to

evaluate the adequacy of the subcontractor’s efforts in corrosion prevention and control.
These reviews shall be conducted by the contractor’s office of prime responsibility for

corrosion prevention and control, and MSFC personnel or their designated alternates shall

be invited to participate. Scheduling of reviews shall be as frequent as deemed necessary
by the contractor or MSFC, but not less frequent than annually. The contractor shall
correct any discrepancies observed during these reviews.

3.2.6.2 Steel - All parts including fasteners made from low alloy high strength
steel shall require protection which shall be applied by a process which has been proven
to be nonembrittling to high strength steels, and which is compatible with the space
environment.

3.2.6.3 Sealing - All joints and seams located in exterior or interior corrosive
environments, including those in landing gear wells, and structure under fairing shall
have all faying surfaces sealed. The use of any sealant not covered by a published
specification is subject to review and approval by NASA. Removable panels and access
doors in exterior or interior corrosive environments shall be sealed either by mechanical
seals or by separable faying surface sealing.

3.2.6.4 Threaded Fasteners - Unless otherwise specified, threaded fasteners shall
be supplied with threads in conformance with FED-STD-H28/2 (UN/UNR), FED-STD-
H28/4 ( MIL-S-8879, UNJF), FED-STD-H28/21 ( METRIC/M,MJ ), ASME B1.1
(UN,UNR), and ASME B1.21M ( METRIC MJ ) as applicable in hardware design. See
3.1.3.4 for additional titanium requirements.

SCN
2
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. 342.6,4.1 Fastener Installation - The installation of
mechanical' fasteners and assoolated parts shall meet the
requirements of MSFC-SPEC~250 and MSFC-STD-486,

3.2,6,4,2 Fastener Reuse ~ Threaded fastener reuse
shall be defined by standards. Frasteners as referred to herein
inolude all threaded bolts, sorews, studs, nuts, anchor nuts,
washers and inserts.

3.2.7 Flammability, LOX/Q0X, and Propellant
Compatibility

As a general requirement for all metallio
materials, the contractor shall obtain data on analyses as nec~
essary to meet the requirements of NASA dooument NHB 8060.1,
"Flammability, Odor and Offgassing Requirements and Teat
Prooedures for Materials in Environments which Support
Combustion, " All materials wused in these environments (worst
case use environment, for example, pressure, oxygen congentra~
tion, temperature, eto.) shall prequire the approval of NASA
prior to inocorporation in the design.

3.3 NONMETALLIC MATERIALS

3.3.1 Selection Criteria ~ Nonmetallig materials
must be seléoted and tested with primary consideration of the
design engineering properties of candidate materials and the
eperational requirements for eaoch partioular application.
Special consideration should be given to materials 1ife and
aging charaoteristics in its storage and intended use environ-
ment. Specoifications controlling ocomposition and processing
must insure a reproducible product that is related to the deasign
and physical data being used. Compatibility with temperature,
pressure, radiation, vacuum, fluid, or gas environments must be
evaluated and tested or sufficiently documented. Tests for com~
patibility with hazardous fluids or gases such as oxygen or
hydrogen must oconsider energy sources available in the propoaed
system whioh could initlate adverse reactions.

3.3.2 Flammability, Lox/Gox, Toxioity, Odor, and

Propellant Compatibility

As a general requirement for all nonmetalliec
materials, the contractor shall obtain data or analyses as nheo~
essary to meet the requirements of the most recent issue of NASA
dooument NHB 8060.1, "Flammability, Odor, and Offgassing
Requirements and Tést Procedures for Materials in Environments
whieh Support Combustion, Materials not meeting the
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requirements of NHB 8060.1 for the worst ocase use environment
(for example: pressure, " oxygen concentration, ambient tempera-
ture, eto.) shall require the approval of NASA prior to
incorporation in the design.

3.3.3 Statiec Age Life -~ Wherever possible, materi-
als shall be seleoted for a minimum of 10 years of astatioc age
life, Statio age life shall inolude storage 1ife and installed
life in a nonoperating mode in an ambient environment.
Materials whioh do not meet this requirement but must be used
for functional reasons shall be identified, including any stor=
age life restrioctions. Elastomerioc materials shall be cure
dated for tracking purposes.

3.3.4 Useful Age Life - Materials shall be evalu~
ated to determine {f the wuseful 1life requirement of the
component will be met. All materials not capable of meeting
this requirement shall be identified and traocked.

3.3.5 Volatile Condensable Matter (VCM) -~ Polymeric
materials whioh are exposed to space vacuum and used near oriti-
qal surfaces shall not oontaminate these surfaoces. These
materials shall meet the requirements of SP-R~0Q022A.

3.3.6 Moisture and Fungus Resistance = All materi~
als, partioularly nonmetallics, shall be submitted to fungus
resistance testing and/or soreening prior to selection and qual-
ifiocation for use in oomponents, subassemblies, assemblies, and
systems., Materials whioh are non-nutrient to fungi as defined
by MIL=8TD-810, Method 508 shall be used. When fungus nutrient
materials muat be used, they shall be hermetically sealed or
treated to prevent fungus growth for a period of ten years.
Materials not meeting this requirement shall be 1identified
inocluding any action required such as inspection, maintenance,
or replacement periods. Fungus treatment shall not adversely
affeot unit performance or servioce life or constitute a health
hazard to higher order 1life. Materials so treated shall be pro-
teocted from moisture or other senvironments that would be
sufficient to leach out the protestive agent., Fungus inert
materials are listed in MIL~STDalUSY,

3:¢3.7 Elastomerio Materials - Elastomeric compo-~
nents shall have adequate resistance to aging, low temperature,
ozone, heat aging, polymer reversion, working fluids, 1lubri-
cants, and propellants for the system. Natural rubber shall not
be wused in any form for flight hardware or oritical GSE unless
approved by proouring activity. Extreme ocaution shall be exer~
oised in specifying o-rings 'and similar seals for dynamio
applications in aryogenio environments, The best low
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temperature silicone rubber materials generally tend toward
brittleness in the neighborhood of =~120°C (~184.0°F), Other
generic classes of rubber materials become brittle at even
higher temperatures, When o-rings are lubricated for either
ease of installation or dynamio performancea, the lubricant can
cause severe swelling and/or strength degradation of the rubber
material. Elastomerioc materials conditionally specified for use
in hazardous environments, suoch as liquid or gaseous oxygen
environments, are usually approved for such servioce on the basis
of batch testing and ocertificastion per NHB 8060,1. :

3.3.8 Qbthor _ Nonmetallio  Materials - Nonmetalllo
materials employed In electronio oirocultry, such as printed oir~
ouit boards, conformal coatings, and potting materials shall
meet speoifio physical, thermal, mechanical, and dielectrioc
properties established in appropriate speoifications, Many of
the urethane potting and molding materials in general use are
sensitive to reversion under high humidity and elevated tempera-
-tures, Caution must be used to seleat reversion~resistant
urethanes. This application would be especially oritical for
GSE applications in high humidity looations. When certain types
of RTV silicones are used in thick sections as potting or embed~-
ding materials they are subjeot to reversion at elevated
temperatures. This 1s especially oritical when ths embedment
s a sealed configuration, RTV silicones are -available which
are completely resistant to this type of reversion and should be
specified for these speaifications. The standard one~art RTV
s8iliocone asesalant/adhesive oure by reaction with atmospheric
molsture with the release of acetioc acid, This could cause cor-

rosion of copper or other eleatroniec paockaging ocomponents, In
the oases of possible eorrosion, those RTV one~part sealants
should be specified which do not liberate corrosive aaids. The

inhibition of oure of certain types of RTV silicones by othenr
types is well established and must be considered in any elec~
tronics paokaging design.,

When eleotroniec modules or printed wiring boards with fragile
components are to be potted or coated, appropriate care must be
taken to protect the components from mechanical stresses devel-
oped in the potting or coating material. Caution should be
exercised when  using mioroballon-filled, epoxy modula potting
materials (syntactio foams) in thiok seotions, Density gradi-~
ents sometimes develop which result in high residual stress
oconcentrations in the potting frollowed in some cases by
oracking. Extreme caution should be exercised in the selection
of oconformal ooating material for printed wiring boards., 1In a
number of instances, the oconventional thiockness of goating
(1015 mils) have resulted in damage to components and solder
oonnéotiona. The film coating (2-4 mils) should be considered
whenever appropriate for the application,
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343.9 Foam Plastios, Rigid Plastios and Filmg ~

Many special produots of this type have propn
erties speocific to a given thermal and manufacturing history,
For example, the crystallinity of ocertain polymers has a pro=
nounced effeot upon their mechaniocal and thermal properties.
The degree of crystallinity is in many oases dependent upon the
thermal and prooessing history, Many plastic foam and film
products are anisotroplo., Mechanical and other properties o¢an
vary with direotion of measurement in the oure of both films and
foams, Many manufacturers incorporate speaifioc additives into
commercial plastios intended to improve ocertain properties for
unusual or extreme service conditions. For example, additives
are commonly employed to render oertain grades apr styles of
plastios stable to ultraviolet radiation. When unusual or
extreme exposure conditlions are anticipated, oonsultation with
appropriate apecialists should be undertaken to seleot the
proper material and grade or type. Certain types of rigid plase
tics are vulnerable to a particularly destruotive mode of
failure known as solvent crazing. This phenomenon odcurs most
frequently when stressed plastic samples or ocomponents are
exposed to bulk organic liquids or high vapor oconcentrations,
Following such exposure, the surface of the plastic develops a
charaoteristio pattern of cracks, sometimes visible only under
polarized 1light. Solvent induced c¢raoks constitute oritical
flaws in the sense that they can lead to failure at atress Jlev-
els well below the wultimate astrength. Therefore, extreme
caution must be exercised in specifying rigid plastios for
applications where they may be subjeot to aceidental or deliber~
ate exposure to bulk liquids.

Foamed plastics shall not be used for metal skin reinforcement
In structural components, nor as a gore material in sandwich
struotural components other than all plastic sandwich parts, low
density filler putties, or syntaotic foams.

3.3.10 Glass Fiber Reinforced Plastics - QGlass fiber
reinforoed plastioc parts shall be designed using the guidelines
of MIL-HDBK-=1T7A, Special applications not inoluded in
MILaHDBK~1TA required NASA review and approval. Some reinforoed
plastics, " notably fiberglass, graphite, and to a lesser extent
boron reinforoed epoxy materials, manifest progressive meohani~
cal property changes which are a function of the
time~temperature~humidity exposure history of the material or
component. Interlaminar shear properties of these materials are
partioularly affeoted, and this characteristic must be antiocir
pated during the design.
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3.3.11 Lubricants - NASA Sp-8063 and MSFC

Lubrication ‘Handbook for the Spaoce Industry shall be used as
guides in the design and application of 1lubriocants for spaoce
flight systems and components. Lubricant outgassing require=
ments may be lilmposed by contract; if 8o, the ocontractual
requirements must be satisfied. However, where no speocifiag
outgassing requirement exists, but whers outgassing must or
should be ogontrolled or minimized, Johnson Space Center (JSC)
specification SP-R-00224 and MSFC-HDBK~527/J8C 09604 should be
used as guidelines in the seleotion of lubricants.

It shall be the responsibility of the in-house orp contractor?’s
design organization to prevent contamination of oritiocal adja~
oent hardware, i{.e., mirrors, lenses, other experiments, eta.,
by lubricants' outgassing vapors or lubricant creep or their
natural wetting and wioking tendenoies. The design organiza-
tions can acoomplish this by the use of hermetic or labyrinth
seals, direocted overboard vent lines, the overall design of the
hgrdware, eto., plus their choice and use of lubricants,

3.3.12 Adhesives - All adhesives shall meet material
specification requirements that define minimum adhesive perfor-
mance parameters and test methods appropriate thereto. The
adhesive shelf life, storage and packaging, pot 1ife, and mix«
ture stoichiometry requirements shall be specified to assure an
adequate and reproducible adhesive product. The successful use
of adhesives demands absolute conformity with the materials and
processes specifiocation and with all elements or steps of the
bonding (prooessing) specifications. Certain adhesives, nota-
bly the polyurethane type extensively used for oryogenio
servioce, are vulnerable to temperature- and humidity induced
property changes over a period of time, Although these effeots
appear partially reversible, allowanoces must be made for them in
design,

3.3.13 Glass and Ceramics = Structural appiications
of glass and ¢eramic materials shall be based on oareful seleg=
tion oriteria. In general, design strength values shall be
seleoted on known probabilities of failure, (i.e., by analysis,
or proof testing of each part, including considerations of frac~
ture mechanics analyasis). Engineering data  to verify the
seleotion for each application shall be subjeot to review and
approval by the NASA proouring activity, :

3.4 ADVANCED COMPOSITE MATERIALS

Advanced composite materials may be used for structural
applications where design performance and economical require-
ments Jjustify their selection. Al)l applications of advanced
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composite materials shall be reviewed and approved by NASA on
request,

3.5 . PROCESSES

3.5.1 Adhesive _Bonding - Adhesive bonding shall
meet the requirements of MSFC~SPEC~UA5, Validation of adhesive
is required prior to use only when-the shelf 1ife or storage
oondition specified in the aontrolling materials speoification
has Dbeen exceeded. Utilization of materials and processes in
gonformance with these requirements is not to be oconstrued as
assurance that bonded assemblies will perform their intended
funotion for the required life of the ocomponent. Therefore,
the oontractor shall conduct simulated service tests to demon-
strate that the materials and processes seleoted will provide
the desired propertiss for the entire 1life of the component.
Extreme caution shall be exeroised in the ocleaning preparation
and control of surfaces for bonding to preclude contamination
from any souros, Silioones are of partioular oonocern and
should be excluded from bonding areas not speoifiocally dedicated
to their use and control,

3.5.2 Welding - The design seleotion of parent
materials and weld methods shall be based on oaonsiderations of
weldments, 1including adjacent heat affeoted zones, as they
affeoct operational capablility of the parts ocongernsd. Welding
equipment proocedures and materials shall be selected to provide
the required weld quality, minimum weld energy input, and pro-
tection of the heated metal from oontaminants. The suitability
of the equipment, processes, welding supplies and supplementary
treatments seleoted shall be demonstrated through qualification
testing of welded specimens representing the materials and joint
gonfiguration of production parts. As a minimum requirement,
welding operators shall be qualified in acogordance with
MIL-S8TD~1595, 1In addition, the contractor shall provide thse
necessary training and qualification requirements to aertify
eaoh operator and the applicable welding equipment for specifio
welding tasks required of critical space flight hardware such as
pressure vessel weldments, tubing weldments, and other primary
struotural components. The contraator training and certifica-
tion requirements, ineluding appropriate weld sohedules and
prooedures are subjeot to review and approval by NASA on request
prior to performing the first produotion weld on all aritical or
primary struotural components. Teohniques, such as partial
penetration pass welds fronm two sides, whioh have the potential
for building in undeteotable flaws, shall not be wused in any
design or fracture critical application.
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3.5.2.1 Weld Repair - Weld repairs shall be minimized
by diseriminatory “seleotion of aocceptable methods, procedures,
and specifications whioh shall be reviewed by NASA during the
initial design review aotivities with the aontractor or subaoon-
tractor. Weld repair is 1imited to ths repair of welding defects
in a production weld as revealed by inspection, Weld repair
does not include the correction of dimensional ‘deficiencies by
weld buildup or "buttering" of parts in areas where the design
did not provide a welded Joint. All weld repairs shall be
fully dooumented to facilitate NASA review on request,
Dooumentation shall inolude, as a minimum, weld procedures and
sohedules, logation of repair, nature of problem, and appropri-
ate inspeaotion and qualification requirements for acceptance.
The quality of repair welds shall be confirmed by 100 percent
inspection of both surfaoe and subsurfaae, using visual, dimen-
slonal and nondestructive testing techniques. The repair of
welds Iin high performance or critical parts is not acoeptable
unless appropriately reviewed and approved by a cognizant matae=
rials review committee, whose membership includes a delegatsd
representative of NASA. The results of the committee action are
subject to review by NASA on request,

3:5.2.2 Weld Filller Metal - Weld rod or wire used as
fi1ller metal on struotural parts shall be fully certified and
documented per the requirements of MSFC-STD~655 for composition,
type, heat number, manufaoturer, supplier, etae.,, as required to
provide positive traceability to the end use item. 1In additton,
for flight hardwvare welds, qualitative analysis and nondestrugs
tive testing shall be conducted on segments of eagh filler rod
or wire per requirements of MSFC~STD-655 to assure that the cor-
rect filler metal is used on eaoch specifio welding task,

3.5.2.3 Aluminum Welding - The welding of aluminum
alloys for high strength applications shall meet the requirer~
ments of MSFC~SPEC~504, Alternate welding specifications are
allowed only irf sufficient data are avallable to substantiate
that the speoification is satisfactory for the intended applica-
tion. Alternate welding specifications and supporting data must
be approved by NASA on request,

3.5.3 Brazing - Brazing shall meet the requirements
of MIL-B~7883, Subsequent fusion welding operations in the
vioinity of brazed Joints or other operations involving high
temperatures whigh affeot the brazed Joint 18 prohibited,
Brazed joints shall be designed for shear loading and shall not
be relied upon for strength in tension for struoctural parts, A
word of ocaution is in order regarding the brazing of 300 aeries
CRES in a carbonizing atmosphere, During all brazing opera«
tions using hydrogen atmosphers every precaution should be taken
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to ensure no form of carbon exists in the oven. Parts with thin cross sections (such as
bellows) can be sensitized during short exposure to carbon environments.

3.5.3.1 Braze Filler Metal - Braze rod, wire, foil or powder shall be fully
certified and documented per the requirements of MSFC-STD-969 for composition, type, heat 5C)
number, manufacturer, specification, etc. as required to provide positive traceability to the end use |
item. In addition, for flight hardware brazing, verification at the lowest leve! of control, e.g. each
rod, coil of wire, or container of powder, shall include quantitative analysis and nondestructive
testing per the requirements of MSFC-STD-969.

354 Soldering - Soldering shall not be used for structural applications
unless reviewed and approved by the procuring activity.

355 Welding of Steel Alloys - Welding of steel alloys shall meet the
requirement of MSFC-SPEC-560.

3.6 MATERIALS NONDESTRUCTIVE INSPECTION

The nondestructive evaluation (NDE) activities associated with aerospace
hardware shall meet the basic requirements of MIL-I-6870. A nondestructive insgcction
(NDI) plan shall be prepared and retained by the contractor, available for review y MSFC
upon request. This plan shall present the scheme for establishing the nondestructive
inspectionftest (NDI/NDT) requirements, and implementation procedures to meet these
requirements. It shall include:

a. The means of coordinating design requirements with NDI/NDT
requirements and capabilities.

b.  Acknowledgement of all NDI/NDT to be implemented.

- ¢.  The means of preparing, revising, and controlling company NDI/NDT
specifications and procedures.

d.  The means of implementing NDI/NDT sgecifications and procedures,
including personnel certification, facilities qualification, tec nique certification, and
recertification and control.

¢. The means of coordinating applicable NDI/NDT specifications and
rocedures with MSFC, i.e., submittal of contractor generated NDI/NDT specifications for
SEC review and retention, and contractor retention of NDI/NDT procedures subject to
NASA request.

f.  The means of implementing periodic service life NDI/NDT, if required.
8 Acknowledgement of components designated for fracture control and the

means of controlling associated NDI/NDT specifications and procedures, when a Fracture
Mechanics/Control Program is contractually required.
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Nondestruotive inspection teochniques employed on materials and
processes shall meet the requirements of MILnI~6870 fop pene-
trant, magnetic particle, radiographio, eddy eurrent, and
ultrasoniec inspeotion., Inapecgtion techniques for gastings
shall meet the requirements of MIL-C-6021,

3.7 MATERIALS REQUIRING CONTROLLED ENVIRONMENTS

Materials requiring gontrolled environments while in
ground storage to insure adequate performance in flight shall be
defined for conocurrence by the procuring aotivity, Information
on required environments and potential degradation of the mate-
rial expected from uncontrolled conditions shall be provided by
the contraotor,

3.8 MATERIALS FOR USE IN SPECIAL ENVIRONMENTS

Specifications covering materials for use in hazardous
or special environments do not automatically void other material
specifications, Eaoh requirement shall be met as dictated by
the sapeoific -applications and the total system oriteris unless
otherwise approved by speoial waiver/MUA,

3.9 CONTAMINATION CONTROL

The contractor shall submit a contamination control plan ner the
requirements of DR-6,
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NATIONAL ARRONAUTICH AND BPACE AOMINISTRATION

DATA REQUIREMENT (DR)

OAYA PROCUREMEKNT Boe,
t. No, asux

"Matéfials and Processes Selection and 3. oFm 4 ORNo, Page bATK REV
Merification Plan Map-1 1

SUBMITTAL REQUIREMENTS

& TYPE:

1

& FREQUENCY OF uBMIsSSION)

As Required

1. DISTRIBUTIONG

& INITIAL, dUDMIsSsioN ]
Tvio weeks prior to PDR

%2 ABOF DATE:

10, REMARKS: B

11, STANDAAD DAD TITLR)

DATA REQUIREMENT DESCRIPTION

12, $TD DRD NO, REYV PAGE DATE

13, vsgr

To define the objectives, procedures,
logic, and management controls of the
contractor's materials and processes
control and verification program, and
the contractor’s interfaces 11ith the
procuring activity necessary in the
operation of the plan.

14, INTERRELA TIONSHIPY ¥, REFERENCE;

16.1

16.2

16.3

16, PREPANATION INFORMA TION:

SCOPE

A docurment shall be provided which defines the objectives, logic proce-
dures, required actions, responsibilities, and management controls the
contractor wi1l use in establishing and maintaining & Materials & Processes
Selection and Verification Plan.

APPLICABLE DOCUMENTS
MSFC-STD-5086, MSFC-SPEC-522, JSC SP-R-0022A
COHTENTS

The plan shall describe the contractors activities invoived in the
identification, evaluation, documentation, and reporting of material
usages 1n space flight hardware, It shall define the necessary interfaces
with the procuring activity in the overation of this plan, As a minimum,
the plan shall cover the following:

e —
MBFC « Form 3461+8 (Rev August 1970)
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. , DR-
NATIONAL AZRONAUTICS AND SPACE &DMINC'TRKTIQN' BATA ’ROQUR‘MINTRDOICo
'DATA REQUIREMENT (DR) e o asus
"MdtE™Ma1s& Processes Selection and Verifica- |[® oFRi 4 BRNo. PASK DATE ARv.
i Pla : M&pP-1 2
DATA REQUIREMENT DESCRIPTION - CONTINUATION

. STANDARD BAO TITLR) 12, 3TD DAD NO. ARV DAGE DATE

14 PRAEPARATION INFORMATIONS

a, Contractor's Organization - Authority shall be assianed to an
individual or group who shal] be responsible for review and approval
of all materials and processes called out on all drawings prior to
release and that these materials and processes meet the requirements

of the referenced documents,

b. Materials Identification - Identification and documentation of
material used, both 1n original design and in any change,

C. Processes Identification - Identification and documentation of
processes used, both 1n original design and in any change,

d. Usage Evaluation - Pocumentation of materials and processes used
and the comparison of test data to establish selection of test
requirements,

e. Testing - Logic, procedures, and data documentation for any proposad
test program to support materials screening and verification testing,

Any material/process testing to be performed by the contractor will
require prior HASA approval,

f. Hazard Removal - Procedure involved in the removal of identified
hazards,

g. MUA Procedures - Procedures involved in documenting and aporoving
materials/processes that do not meet the established requirements but

are proposed for use in the spacecraft due to lack of renlacement
materials or other considerations.

h. Formal Review Procedures - Procedures used to summarize the status
of materials and processes to vermit certification of acceptability of

a given design or a given configuration at MNASA desionated hardware
milestone reviews, such as PDR's, CDR's, FACI's, CARR's, FRR's, etc.

The contractor shall have available the following information in support

of the end-item milestone reviews as applicable: Standard Materials

Worksheet packages; Materials Deviations Summary (Drawings and Drawing
Tree); Material Test Data and Usage Rationale Summary; Materials Review
Board Action Status; Pretiminary Materials Lists; and Final Materials

List.

1. Plan Content - Contractor shall address each paragraph of MSFC-STD-

506 and Tndicate how he will Tmplement.

J. New Technology - Identify areas of new test technology or technique

improvement for consideration.

MEPC « Porm 34816 (Rev Avgust $970)
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MOFL CTE

* NATIONAL ACAONAUTICS AND SPACR ADMINISTRATION DATA Pﬂ““"lM[)‘FS‘;IDQcO
'DATA REQUIREMENT (OR) 1o Nos hue
"MEYeMals & Processes Selection and Verifica~ [¥ °"™ 4+ OR NO. PAGR DATE LY.
tion Plan M&P-1 3

DATA REQUIREMENT DESCRIPTION « CONTINUATION

11, STANDARND DAD TITLE) 12, STD ORD NO, RRV PAGR DAYER

16, PRAEPARATION INPORMATION:

The contractor/supplier shall define in the selection and verification
plan a systematic and continuing program to report and control materials
and process use, status, test, evaluation, substitution, and verification.
The final selection and verification plan shall be approved by NASA.

16.4 FORMAT
Format shall be consistent with the contents of paragraph 16.3 of this

16.5 MAINTENANCE

Update by change page or complete reissue.

NOYC « Form 34618 (Rov Auguat 1970)
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DR-2

NATIONAL ARRONAUTICS AND 8PACE ADMINISTRA TION
DATA REQUIREMENT (DR)

DAYA PROCUREMENT DOC,
G« No, 1ssuK

2, TITLE

Material Usage Agreements (MUA's)

h OPRY

4 OR NO, PAGE DATE REV.

M&P -2 1

SUBMITTAL REQUIREMENTS

8, TYPE: . PARQUENGY OF SUBMIBSION:

1 As Required

7. DISTRIBUTION]

& INITIAL BUBMISBION)

As identified 1n design

% ADOF OAYE:

10, REMARKS:

DATA REQUIREMENT DESCRIPTION

1%, STANOCARD ORO TITLH

12, 8TO DAD No, REYV FAGE OATE

material usages which do not comply with
contractual specification requirements.
If components have been utilized in a sim{cation Plan
111ar application, the contractor can:
propose, thru MUA's that the component be
approved on the basis of compatibility
without a detailed material callout.

3. ki For MSFC rreview and approval. of aliie. INTERRECATIONTTeT
Materials & Processes
Selection and Verifid

18, REFERENCE:

16/ PARPARATION INPFORMA TION:

16.1 SCOPE

ments for Material Usage Agreements (MUA's),

16.2  APPLICABLE DOCUMENTS

16.3 CONTENTS

attached) with each
dated and submitted
entered in the Program Manager block,
application and rationale for usage
extent necessary for MSFC evaluation.

of the applicable

This DR establishes content, format, maintenance

MSFC-STD-506, MSFC-SPEC-522, MNHB €060.1, JSC SP-R-0022

e $ shall contain the information required by MSFC Form 551 cop,
The MUA's shall tain the inf i ired by MSFC Form 551 ( y
block completed.
to MSFC with the program contract manager's signature
Detailed treatment of the material
acceptability shall be submitted to the

s and submittal require-

The form shall be

MBFC - Form 34618 (Rev August 1970)
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NATIONAL AKRONALTICS AND SPACK ADMINISTRATION GATA PROCUNEMENT DGC,
+« NO, fssue

DATA REQUIREMENT (DR) P ¥

B TiTLE: 3. OPRI 4s DR NOs, PAGE DATE ALY,
Material Usage Agreements (MUA's) ’ | M&P-2 2
DATA REQUIREMENT DESCRIPTION « CONTINUATION

1. STANDARD DRO YITLRY 12, 8TO DRO NO. REV PAGR DATE

16, RREPARATION INFORMATION!

16.4  FORMAT

ESFC Form 551 (Feb. 1983) 1s the acceptable format for submittal of MUA.
ata.

16,5  MAINTENANCE

The contractor shall maintain such filas as necessary for tracking,
reporting status, and traceability of submittals and response to the
MUA provided to MSFC. '

MBYC » Form 3461+6 (Rev August 1970)
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MSFC 87D 2ii] OR-2
i . G |VUSAGR AGREEMENT NG, REV
MATERIAL USAGE AGREEMENT [~
PAGE oF
PROJEQT: SUBRSYVETEM: ORIGINATOR: ORGANIZATION!
DETAH. DRAWING (8) USING ASSEMBLY (8) ITEM DESCRIPTION 183UR
- MATERIAL TRADE NAME SPECIFICATION MANUFACTURER
THIOKNESS WEIGHT EXPOBED AREA LOCATION ENVIRONMENT
bamranLE [n] PRESSURE TEMPERATURE MEDIA

NONHABITABLE [

APPLICATION

RATIONALE:

ORIGINATOR:

PROGRAM MANAGER!

DATE:

MATERIALS APPLICATIONS EVALUATION BOARD DISPOSITION

CHAIRM ANt

DATE

APPROVE | REJECT | DEFER | MAED MINUTES

CHIEF, BHON

SKXCARTARY!

REMARKS:

by -
MSPC - Form 801 (Rev, Fobruary
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1,
2.
3.
4.
9.
6.
7.

8.

9.

10,

11.

Y

MSFC STR #2344
MSFC-SPEC-5224
APPENDIX C
STRESS CORROSION EVALUATION FORM

Part Number

Part Name

Next Assembly Number

Manufacturer

Material

Heat Treatment

Size and Form

Sustained Tensile Stresses-Magnitude and Direction

a4 Process Residual

be Assembly

¢. Design, Static

Special Processing

Weldments

8.  Alloy Form, Temper of Parent Metal

be  Filler Alloy if none, indicate

Ce ' Welding Process

DR-2

d.  Weld Buad Removed-Yes (), No ()

a, Post«Weld Thermal Treatment

f. Post-Weld Stress Relief

Environment

32



12.

13,

14,

15,

16.

MSFC-SPEC-522A
APPENDIX C (CONTINUED)

Protective Finish

DR-2

Function of Part

Effect of Failure

Evaluation of Stress Corrosion Susceptibility

Rémarks:

33
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_OR-3

NATIONAL ARRONAUT(CS AND SPACK ADMINISTRATION DATA PROCUREMENT DOC.
DATA REQUIREMENT (DR) h No. Isue
Re TITLRY 3. OPR: 4, DRNO, PAGE DATR rlu:v.
Material & Process Specification List M&P-3 1
SUBMITTAL REQUIREMENTS
8. TryPEs & FREQUENCY OF SUBMISSION:
Quarterly update, negative replies are required when there are
T OWTRIOUTION: no revisions during quarter,
g
8 INITIAL SUBMISSION
% AS OF DATE: Two weeks prior to PDR,
10, REMAR®S;
OATA REQUIREMENT DESGCRIPTION

1T, STANGARD GRB TITLET
1 TANGARD DRD TITLHL 12, 8TD ORD NO, REYV PAGE ODATE
$3, usay

To 1dentify all material and process

specifications used 1n fabrication, con-
trol and inspection of the materials and
articles fabricated under this contract.

14, INTRRRELA TIONSHIB) 18, REFERENCE!

16.1

16.2

16.3

(6, PRARPARATION INFORMATION?

SCOPE

This DR establishes the content, format, maintenance, and submittal
requirements for a 1ist of all materials and process specifications.

APPLICABLE DOCUMENTS
MSFC-STD-506

CONTENTS

A 11st of all material and process specifications shall be submitted.
The 1ist shall contain the following information as a minimum for each
specification:

a. Specification/procedure title and author.

b, Identification of.revisions and updates.

g, —mam.
MIKFC « Form 3481+8 (Rev August 1970)
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DR-3

NATIONAL ASRONAUTICS AND SPACK ABMINISTRATION

OATA PROGUARMENT DOC,

DATA REQUIREMENT (OR) e Ho . leeug
8 TTLE: y ) - - . -
Material & Process Specification List o '4;;2; e caTe e

OATA REQUIREMENT DESCRIPTION - CONTINUATION

it JTANDARD ORO YiTLEI

12, 07D ORD NG, REY PAGE DATR

14, PARPARATION INFORMA TION

C. Title, revision and {dentification of subcontractor d
excluding’standard parts (EEE, IS, etc,) r documents

d. Designation of which process specifications are cr1t1c$l* to
fabrication, control and inspection of the contract end items,

16.4  FORMAT

The contractor’s format shall be used.

16.5 MATNTEHANCE
As required by MSFC,

* A critical process is an operation, treatment or procedure used as a step in manufacturing,
testing or inspection that, if improperly or inadequately performed, can have a significant
performance effect on any of the following:

* Hardware identified on the Critical Items List (CIL)

+ Hardware designated for fracture control

* Ordnance hardware

* Hardware where design conformance is not assured by inspection or test

* Hardware which has a high technical risk, 1.e. stringent technical performance

rtﬁquirements in its intended application relative to state-of-the-art techniques for
e item '

I SCN
1

SCN

HEPC « Porm 34016 (Rew August ;970
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DR-4
NATIGNAL, ARRONAUTICS AND sPACE APMINISTRATION OATA PROCUREMENT DOC,
DATA REQUIREMENT (DR) I NOu stue
2 TITLEL 3. OPR) 4, DRNO. PAGE DATE REV,
Plan, Manufacturing M&P-4 1
SUBMITTAL REQUIREMENTS
g, TvPR) ¢ FREQUENCY OF SUBMINBIONY
1
ST One time with revisions.
& INITIAL sUOMISSION)
9 AS OF DATE! 60 days after contract award.
10, REMARNKY:
DATA REQUIREMENT DESCRIPTION

[TV. STANDARD DNRO TITLES 12, $TD DRO NO. REV PAGE DATE

1}( INTERRELA TIONSHIPS 18, REFERENGE:
S

13, VIR

To provide visibility to MSFC management sembly and

that the contractor fully understands the Verification Plan
magnitude of the job to be done and has
provided a reasonable plan of action to Make or Buy Plan
ensure that projected schedules can be
realized.

1¢: FREFPARATION INFORMATIONI

16.1 SCOPE

This DR establishes the content, format, maintenance, and submittal
requirements for a deliverable Manufacturing Pian.

16.2 APPLICABLE DOCUMENTS
' MSFC-STD-506 Standard, Mater{ial and Process Control

16.3 CONTENTS

and logical flows to be used to manufacture the deliverable hardware.
The plan shall logically describe the sequence of events for hardware
Eroduct1on and present solutions to unusual requirements such as
andling, packaging, shipping, cleaning, refurbishment, etc,
Specifically, the plan shall contain: '

The plan shall define the objective, methods and procedures, schedules,

MBFC « Form 3461+8 (Rev August 1970)
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. NATIONAL ACRONAUTICS AND SPAGR ADMINISTRATION DATA PROCUAREMENY DOC,
"OATA REQUIREMENT (DR} b Moo sue
H TITLEY 3. OPRY de DR NO, PAGE DATE REY,
Plan, Manufacturing M&P-4 2

DATA REQUIREMENT DESCRIPTION = CONTINUATION

13 STANDARD DAD TITLES

12, STO DRO NO: RERV PAGK DATE

16.3

16.4

16.5

14 PREPARATION INFORMATIONS

CONTENTS (Continued)

a.

b.

Procurements - A1l major components/assemblies to be procured
rather than manufactured in-house shall be identified. Lon? 1ead
time procurements shall be identified as well as any specific
r1%k31%ssoc1ated with sole source or proprietary or one source
only 1tems. ‘

Tooling - Concepts, {l1lustrations and logical flow plans shall be
provided which clearly define tooling concepts for both detail

parts fabrication and component assembly and which demonstrate that
all manufacturing processes and assembly methods are fully understood.
Requirements for interface drill jigs or other mating schemes shail

be fully defined. Unusual tooling requirements or equipment and
faci11ty needs shall be defined.

Schedule -~ A detail schedule shall be provided showing milestone
dates 1n order to ensure that deiiverable item end dates will be
met. :

Critical Processes - All processes, methods, facilities or tooling
and skilis critical to success shall.be identified. The schedule
should fully reflect required availability milestone dates of all
project critical items. Processes that are new or unioue or any
that are unfamiliar are to be identified and reasons explained vhy
these processes are to be used,

MSFC~-STD-506 shall be used as a guide in preparing the plan.

FORMAT
Format shall be consistent with the contents of paragraph 16.3 of this

DR,

MAINTENANCE

Update by change page or complete reissue.

M8FO « Form 3461+0 (Rev August 1970)
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OR-5

NATIONAL AKRONAUTICS AND SPACK ACMINISTAATION
DATA REQUIREMENT (DR)

DATA PROCUREMENT 1-1-11
t« NO, lasye

R TITLEL

List, Material Identification Usage

3 oPmy

4, ORNO. PAGE DATE REV,

M&P-5 1

SUBMITTAL REQUIREMENTS

8, TYPK:

T DISTRIAUTION)

& PARQUENCY OF sUBMIBSION)

Revise and submit quarterly

% AS OF DATE:

& INITIAL SUDMIESIONY

Two weeks prior to PDR,

10. REMANKS:

Tis ITANDARD DRO TITLE?

DATA REQUIREMENT DESCRIPTION

j2., 8TD DHD NGO, REY PAGE DATE

13, vae

MUA.

To 1dentify all material usages contained
in the end item excluding piece part
electronics and except as approved by

14, INTERRELATIONSHIBF

Materials and
Processes Control
Plan (Map-1)

18, REFRRENCE!

16, PREPARATION INFORMATION

This DR establishes content, format, maintenance, and
ments for the Material Identification Usage List (MIUL)

NHB 8060.1, JSC SP-R-0022, MSFC-~SPEC-522, MSFC-STD-506

16.1 SCOPE
16,2 APPLICABLE DOCUMENTS
16.3  CONTENTS

The MIUL shall comply with MSFC-STD-506.
| a. Detail drawing and dash number
b. Next assembly and dash number

c. Change Tetter designation

submittal require-

.

Sttt ——— R —
MBEC « Form 3448 (Rev August 1910)
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MSFC STD ovdg

DR~5

N‘flONAL ARRONAUT(CS AND sPACKR tDMlNl‘TRATION DATA PROCUREMENT [-I-1-1)
'DATA REQUIREMENT (DR) t+ Ne issve
8 TI'I'I,II 3 OPRy (N OR NO. PAGE DATE REV,
List, Material Identification Usage M&P-5 2

DATA REQUIREMENT ODESCRIPTION . CONTINUATION

1, STANDARD DAD TITLE:

123, 3TD ORD NO, REV PAGE DATR

d,
e
f.
g.
h,
i,
Jo
K.
1,

4. PAEPARATION INFORMA TION)

16.4  FORMAT

Drawing source (contractor or vendor)
Material form |

Material manufacturer

Material manufacturer's designation
Mdter1a1 specification

Process specification

Environment

Yleight

Surface area

The format will be selected from the attached forms.

16.5 MAINTENANCE
The MIUL shall be maintained by change page or complete reissue.

P ————
MG¥C « Form 3481+ (Rev Auguss 1970)
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MSFC STD awa.

HATIONAL ARRONAUTICE AND SPACE ADMINISTRATION

OATA PROCUREMENY 0OC,
+ NOY ue

OATA REQUIREMENT {DR) "N R
h TR 3 OBN: 4 DA NO. PAGE OATE REY,
PLAN, CONTAMINATION CONTROL AND IMPLEMENTATION M&P-- 12-13-88

ODATA REQUIREMENT DESCRIPTION . CONTINUATION

1, STANOARD DRO TITLR) 13, 870 OND NO, REV PAGE DATE

10, PAEPARATION INFORMA TION

control, meaitoring, and reporting methodoloqy far all hardvare from fabrication
through on-orbit operations to return and storase, This plan shall cover as a
m1n1mum'the following: '

(1) “Cleaning, Inspection, and Certification Methodology and Frequenqy..
(2) Environment Definition and Traceability,

(3) Thermal Vacuum Bakeout Criterda, Conditions, and Instrumentation.
(4) Contamination Yielation Reportina and Effects Assessment.

(5) Bagging and Packaging, Criteria an Materials.

(6) Transportation Controls and Monitoring.

(7) Clean Room Garments, Controls, and Monitorina,

These plans shall describe activities, as anprooriate, from desion throuah
receiving inspection at the point of receipt by the mission intearator,

In addition, a nlan shall be prepared describing the methods and nlannina for
contamination control for the Integration activities. Additional CCIP's shall
be prepared defining the contamination controls and method of implementation
for the transportation phase and the prelaunch through nostfliaht siorace
activities as applicable.

. B. The effect of the external environment on contaminated Snace
Station surfaces shall be assessed in terms of optical and other property
changes that affect systems 11fe and performance. This assessment should

cover the environments of atomic oxygen, UV radiation and particulate radiation
The effects of micrometeoroid/space debris impacts with accompanyinn debris
generation shall be assessed.

HEPC o Porm 9460144 (Rev Auguet 3910y
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MSFC STD =veu

NATIONAL ARRONAUTICH AND EPACE ACWINISTAATION
DATA REQUIREMENT (DR)

. O:o‘l PROCUREMENT BOC,
. " issug
DR-G

8 titLE)

.PLAN, CONTAMINATION CONTROL AND IMPLEMENTATION

4. DR NO. PAGR DATR REV.

H&P-

SUBMITTAL REQUIREMENTS

t 1vPg § FREQUENCY OF SUBMISSIONI
1 Three weeks prior to PDR.
’-ﬁﬂﬁfﬂutwﬁl Three weeks prior to CDR.
EHO2 Pevise as reauired,
EH11
EH12
EH32 8. INITIAL SUSMIsSSION,

%: A0 OF DATK! .
Three weeks prior to PODR.

10, REMARKS:

DATA REQUIREMENT DESCRIPTION
[T FTANGARD BRD TITCES

12, $TO DAD NO. REV PAGE OATYE

13 vty * -

To be used to assess and contirol the
internal and external surfaces and

instrunsentation, respectively, as it
affects systems 1ife and performance.

| Materials and

! Plan

Analvsis Peport

YWie. inTERRELA TIONSHIP,

* Processes Control

Snace Environmental
Effects on Material
and Systems Life an
Performance Plan an

o
L

rr

{8, REFERENCE:

} 50 =gp = =~

MSFC~-STD.-506

b 16, PREPARATION:'INFORMA TION?

16,  PREPARATION INFORMATION

16.1  SCOPE

16.2  APPLICABLE DOCUMENTS

JSC-~20149, Revision A
JSC~SP-R-0022A
MSFC-50M02442

NHB 8050.1C
MIL-STD-1246A
FED~STD-2098B

16.3  CONTENTS

This DR establishes content, format, maintenance, and submittal
Hrequirements for the Contamination Control and Imolementation Plan.

A. The Contamination Control and Implementation Plan for comhlyina
{(vith the program's contamination requirements shall be nrepared to provide uniform

MEFC « Form 348148 (Rev August 1970)
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