QUESTIONS AND ANSWERS

RFQ# NNA14508739Q-AMH-Q

Below are answers to questions received through May 5, 2014.

1)

2)

3)

4)

5)

6)

7)

8)

Q: Is it possible to get a .pdf copy of the following specs.
a. NASA-STD-5019
b. NASA-STD-6008
c. ADS-87-00-019

A: Yes, please see attached.

Q: Please confirm that the upper level deliverable is PN 102983 Animal Access Enclosure
Assembly Qty 1
A: Yes, we need one fully assembled unit of upper level 102983.

Q: Per NAICS small business concern and competitive bid, we’re not tied to DFAR cost
accounting standards on our proposal. Is this correct?
A: Correct, this requirement does not have Cost Accounting Standards (CAS) requirements.

Q: Do NASA ARC quality requirements mandate that a NASA representative oversees the
execution of assembly activities or that the entire assembly process be conducted internally by
NASA?

A: NASA will not require a NASA representative to oversee the execution of the assembly.
However, NASA reserves the right to inspect and test all supplies called for by the contract.
Assembly is to be performed by the Contractor at the Contractor’s facilities.

Q: Are CAD solid models available for all the parts and assemblies in the RFQ?
A: Solid works models, as well as DXF and IGS files are available and will be provided at time of
award.

Q: Is there flexibility in the 50 working day timeline? Does the 50 working day timeline include
the time required for first article inspection and buy off? If so, what is the estimated time
required by NASA for the buy off?

A: The delivery period has changed from 50 working days to 60 working days. This includes all
inspections and buy off.

Q: How many complete AAU assemblies are required?
A: Only one complete AAU assembly is required.

Q: On the draft Statement of Work (SOW), under the heading “Documentation,” there is a
requirement that all documentation be submitted digitally using the “MINX” file system. Please
provide clarification on the “MINX” file system .”

A: The MINX file system is a NASA ARC repository for documentation. It can be accessed via the
internet. The Government will provide access and instructions for use of the system to the
successful offeror at the time of award.
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FOREWORD

This standard is published by the National Aeroicawdnd Space Administration (NASA) to
provide uniform engineering and technical requiretedor processes, procedures, practices, and
methods that have been endorsed as standard foA A rams and projects, including
requirements for selection, application, and desigeria of an item.

This standard is approved for use by NASA Headguaidnd NASA Centers, including
Component Facilities.

This standard defines fastener control requiremfentsll fasteners used in spaceflight hardware.
Fastener control consists of practices relatetiégtocurement, receiving inspection, and
storage of fasteners, such as threaded bolts{shseshers, rivets, set screws, shear pins, and
retention devices.

Requests for information, corrections, or additiom¢his standard should be submitted via
“Feedback” in the NASA Technical Standards Systéhtta://standards.nasa.gov

Original Signed By
July 11, 2008

Michael G. Ryschkewitsch Approval Date
NASA Chief Engineer
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NASA FASTENER PROCUREMENT, RECEIVING INSPECTION, AN D
STORAGE PRACTICES FOR SPACEFLIGHT HARDWARE

1. SCOPE

1.1  Purpose

This standard establishes fastener procurememyvreg inspection, and storage practices for all
fasteners used for spaceflight hardware that areuped, received, tested, inventoried, or
installed for space flight by a NASA Center, byrare contractor, or by any other spaceflight
hardware developer.

1.1.1 For the purposes of this document, spaceflighdware shall include any government-
furnished equipment (GFE) or payloads that arerilow spaceflight vehicles.

1.2 Applicability

The requirements set forth in this document ardotseline fastener procurement, receiving
inspection, and storage requirements for all NABaAceflight hardware.

This standard may be cited in contracts, programd,adher Agency documents as a technical
requirement. Requirements are numbered and irdidat the word “shall.” Explanatory or
guidance text is indicated in italics beginningétction 4.

Individual NASA Centers may establish more restrecprogram/project-specific requirements
and/or guidelines, as appropriate. To do thidyiddal provisions of this standard may be
tailored (i.e., modified or deleted) by contracpoogram specifications to meet specific
constraints and program/project needs.

1.2.1 Deviations from this document or tailoring of teimndard for application to a specific

program or project shall be formally documentegas of program or project requirements and
approved by the Technical Authority.

2. APPLICABLE DOCUMENTS
2.1 General

The documents listed in this section contain piows that constitute requirements of this
standard as cited in the text of section 4.

2.1.1 The latest issuances of cited documents shalkbd unless otherwise approved by the
assigned Technical Authority.
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The applicable documents are accessible via theANP&thnical Standards System at
http://standards.nasa.gov may be obtained directly from the Standardsdbming
Organizations or other document distributors.

2.2 Government Documents

National Aeronautics and Space Administration (NASA

MSFC-STD-3029, Guidelines for the Selection of Metallic Materiéds Stress

Tables IA-E Corrosion Cracking Resistance in Sodium Chlorideienments;
Materials, Processes, and Manufacturing Departivietallic
Materials and Processes Group (Multiprogram/Prdparhmon-Use

Document)
NASA-STD-5019 Fracture Control Requirements for&flégght Hardware
NPD 8730.5 NASA Quality Assurance Program Policy

2.3 Non-Government Documents
American Society for Mechanical Engineering (ASME)

ASME B1.3 Screw Thread Gaging Systems for Dimensional Acdelgia- Inch
and Metric Screw Threads, System 22

American Society for Testing and Materials (ASTM)

ASTM F 606 Standard Test Methods for Determining the Mechamoaperties of
Externally and Internally Threaded Fasteners, Waslarect
Tension Indicators, and Rivets

Aerospace Industries Association/National Aerospacgtandards (AIA/NAS)

NASM1312-6 Fastener Test Methods, Method 6, Haslnes
NASM1312-8 Fastener Test Methods, Method 8, Ter&trength
NAM1312-108 Fastener Test Methods, Metric, Method 108, Ter&itength
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American National Standards Institute (ANSI)/American Society for Quality (ASQ)
ANSI/ASQ Z1.4-2003 Sampling Procedures and Tables for Inspection laybites

2.4 Order of Precedence

This document establishes requirements for fastgmo@urement, receiving inspection, and
storage practices but does not supersede nor watablished Agency requirements found in

other documentation.

2.4.1 Conflicts between this standard and other requerésndocuments shall be resolved by
the responsible Technical Authority.

3. ACRONYMS AND DEFINITIONS

3.1 Acronyms

AlA Aerospace Industries Association

ANSI American National Standards Institute
ASME American Society of Mechanical Engineers
ASQ American Society for Quality

ASTM American Society for Testing and Materials
COC Certificate of Conformance

COTS Commercial Off-the-Shelf

CVvT Certification Validation Testing

FC Fracture-critical

GFE Government-furnished Equipment

LRF Low-Risk Fracture

M&P Materials and Processes

MSFC Marshall Space Flight Center

MTR Manufacturer's Test Report

MUA Materials Usage Agreement

NAS National Aerospace Standard

NASA National Aeronautics and Space Administration
NASM National Aerospace Standard Military

NPD NASA Policy Directive

OES Optical Emission Spectroscopy

Sl Systeme Internationale, or metric system of mesmsent
STD Standard
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3.2 Definitions

Accredited Laboratory: A laboratory that has besmsognized by the national and/or
international standard-setting organizations toycaut specific tests competently according to
established quality, management, administrativd,tast method accreditation criteria.

Approved Manufacturer: A manufacturer that hasspd an audit intended to verify that
a company has the manufacturing capability andempghted quality management system with
controlled processes that will ensure that prodoneet the requirements of applicable
specifications.

Audit: A systematic, independent, and documeptedess to verify that a company has
the capability to manufacture fasteners with doauwee: and controlled processes that meet the
requirements of this standard.

Catastrophic Hazard: A hazard that can resdtiss of life, a disabling injury, or the
loss of spaceflight hardware (Space Shuttle, SBsaon, Crew Launch Vehicle, Crew
Exploration Vehicle, or Government-furnished Equgnt), ground support equipment, ground
facilities, or program-critical equipment.

Certificate of Conformance (COC): A document tisagigned by the fastener supplier to
affirm that the product has met the requirementhefrelevant specification(s), contractual
requirements, and any other applicable regulations.

Certification Validation Test (CVT): Receivingspection test(s) that are performed to
assure conformance to the procurement specificatignmirements. For fasteners, this includes
elemental analysis and mechanical property testintginspection.

Commingled: A storage state where hardware (steners, inserts, etc.) from two or
more different lots are co-located or stored ingame bin or other holding container.

Complete Traceability: Documentation that demi@tss a solid chain of custody from
the original fastener manufacturer through allrimiediate distributors down to the buyer.

Contained Fastener: A fastener that meets therierispecified in NASA-STD-5019,
Fracture Control Requirements for Spaceflight Hanwywparagraph 4.1.1.2.

Developer: Contractors who are not prime contracand who design or build flight
hardware. Examples include NASA-agreement entignizations, colleges, schools, and
universities.

Distributor: An enterprise that stocks the pradwaf various manufacturers for resale
and does not engage in manufacturing activity.
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Fail Safe: A fracture control classification beigan redundancy where, after failure of a
single fastener, the remaining structure can watingthe redistributed loads and the failure will
not release a potentially catastrophic free bo#yail safe fastener meets the criteria specified
in NASA-STD-5019, section 4.1.1.3.

Fastener: An item such as a bolt (could be aleeosshear bolt, shoulder bolt, screw,
HiLok®, HiTigue®, or lockbolt), nut, nut plate onehor nut, rivet, shear pin, helical or
cylindrical insert, setscrew, washer, safety woafer pin, etc., which joins or retains
components or structural elements.

Fracture-Critical Fastener: A classification thasumes that fracture or failure of the
fastener resulting from the occurrence of a craitkresult in a catastrophic hazard, as specified
in NASA-STD-5019.

Lot: A collection of units or items (e.g., faségs or inserts) manufactured from a
homogeneous batch of material of the same contsyuminterrupted production.

Low Released Mass: A fastener that meets thererispecified in NASA-STD-5019,
paragraph 4.1.1.1.

Low-Risk Fracture Fastener (or Low-Risk FastenéYastener that meets the criteria
specified in NASA-STD-5019, paragraph 4.1.1.12.

Manufacturer’'s Test Report (MTR): A document tisgbroduced by the fastener
manufacturer that certifies information requiredtbg applicable fastener specification.

Partial Traceability: Documentation from a suppbevendor that does not necessarily
include the full chain of custody back to the anajifastener manufacturer.

Prime Contractor: A contractor who has been gresponsibility through NASA to
manage a major flight-level program that may ineotlevelopment through design,
manufacture, testing and integration, launch, arsi-faunch activities.

Screening: An in-house receiving inspection ttaxifies that requested procurement
documentation has been received and that procuteeguirements have been met. This is
intended to be done in addition to the CVT required

Specialized Fasteners: Fasteners that fall urattegories such as custom-designed and
manufactured fasteners; pyrotechnic fasteners;metallic fasteners or commercial fasteners
such as eyebolts, clevises, hooks, wire rope, tioklbs, and continuous threaded rods; as well
as those not otherwise specified.

Supplier: A fastener manufacturer or distributor.
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Technical Authority: The agency or organizatioattis responsible for the technical
details of a particular design and the resolutibany associated technical issues.

4. REQUIREMENTS

The requirements set forth in this document arebtiseline fastener management and control
requirements for all spaceflight hardware. Fastemanagement and control pertains to the
procurement, receiving inspection, and storageastdners.

Any deviations from these requirements shall be@pgt by the governing Technical Authority
for the program/project.

Specific requirements for fastener control are eimed in this section. In addition, the majority
of the requirements are summarized in tables 12an8pecialized fastener requirements are
provided in section 4.8.

4.1 Fastener Selection

4.1.1 All fasteners used on spaceflight hardware steaddected so that they are controlled by
government or industry specifications that inclae@sign, performance, and quality assurance
requirements.

4.1.2 Metallic fastener materials shak selected from tables IA-E of MSFC-STD-3029,
Guidelines for the Selection of Metallic Materiéds Stress Corrosion Cracking Resistance in
Sodium Chloride Environments.

These “table 1" alloys exhibit a high resistancedtvess corrosion cracking.

4.1.3 Use of other (non-table 1) metallic materials sheduire documentation of acceptance
rationale in a Material Usage Agreement (MUA) tisapproved by the responsible NASA
materials and processes (M&P) organization.

4.2  Approved Manufacturers and Distributors

4.2.1 Fracture-critical fasteners, low-risk fasteners] auts and inserts used with such
fasteners shall be obtained from manufacturersdetdbutors who have been approved by an
on-site quality or product audit conducted by thecpring organization (see section 4.7).
4.2.2 NASA Centers, developers, and prime contractasdb not audit their manufacturers
and distributors shall be permitted to procureefasts from a list of NASA-approved vendors
that have been audited according to sections artil4.7.

Distributors or vendors that are on a list that Hasen audited and approved by any of the prime
contractors are also acceptable.
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Fasteners that are not listed in section 4.2.1 imayprocured from non-audited distributors or
manufacturers, provided the screening requiremenéible 1 and the certification validation test
(CVT) requirements specified in table 2 are perfedm

4.2.3 All fasteners shall be procured in lots.

4.2.4 A single lot of fasteners shall not include fastesthat have traceability to different
material batches/lots.

Traceability requirements are discussed in seclidh

4.3 Receiving Inspection: Screening and CVT

All fasteners shall be subjected to a receiving@tsion that includes a documentation screening
per table 1 and the CVT that is required by tabie éheck for conformity with specification
requirements.

4.4 Manufacturer’s Test Report (MTR)

An MTR is a document that is produced by the fasteranufacturer to certify information
required by the applicable fastener specificatidrhe information typically includes fastener lot
number, manufacturing date, lot quantity, raw metkeneat number, chemical composition, and

mechanical and metallurgical test results.

441 An MTR shall be obtained for each fracture-crititaw-risk, and fail safe fastener
purchased.

4.4.2 In addition, all rivets, shear pins, inserts, agigntion devices (such as cotter pins, hitch
pins, safety wires, and ties) shall have MTR doauiat&on.

4.5  Certificate of Conformance (COC)

A COC is a document that is signed by the fastenpplier to affirm that the product has met
the requirements of the relevant specificationgehtract(s), and any other applicable
regulations. It attests that the fasteners aréhefquality specified in the acceptance document
and conform in all respects with contractual regumrents, including specifications, drawings,
preservation, packaging, packing, marking requiratagapplicable heat/lot number, and
physical item identification part number.

4.5.1 A COC to the applicable fastener specificatioreguired for every fastener lot and shall
be obtained from the manufacturer or distributdiireethe fasteners.

4.5.2 The COC shall be provided to the program/propeganization.
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4.6  Traceability

Traceability is the concept that a buyer can tréoe history of a given lot of fasteners back
through any number of distributors or vendors te tiiginal manufacturer(s).

a. Either complete or partial traceability shalraintained for all spaceflight fasteners.

b. Traceability documentation shall be maintaifeedall flight hardware, as specified
by the appropriate program/project requirementsioents.

4.6.1 Complete Traceability

Complete traceability is required for all fractuetical fasteners and all inserts and nuts that
are used with fracture-critical fasteners.

Complete traceability is documentation that dem@tss a solid chain of custody from the
original fastener manufacturer through all internate distributors down to the buyer.
Normally, it consists of a string of purchase ol&om the original manufacturer down
through each distributor or vendor, linking the saif a particular lot of fasteners with a unique
fastener manufacturer's lot number.

Complete traceability documentation includes th&eichain of custody and all of the following
stipulations:

a. The original manufacturer shall have lot trédés back through the manufacturing
process to the raw material test certifications.

b. Any subsequent manufacturer that modifies argiastener shafiave lot traceability
to the manufacturing process performed and badudgir to the original manufacturer.

c. Any subsequent supplier(s) or vendor(s) stateHot traceability back through to the
original manufacturer.

4.6.2 Partial Traceability

Partial traceability can be utilized in some casdsen complete traceability cannot be achieved.
It consists of documentation from a supplier ordarthat does not necessarily include the full
chain of custody back to the original fastener nfaoturer.

Partial traceability is acceptable for all non-frage-critical fasteners, including low-risk and

fail safe fasteners, provided that lot testing (§\Tperformed for verification according to
section 4.11.2.
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4.7  Audits and Storage
4.7.1 Audits shall be used to verify that a companygxesses and products meet the
requirements of applicable specifications in acaaod with NPD 8730.5, NASA Quality
Assurance Program Policy.

Audit approval is limited to the audited locationdaits product and not to affiliated
companies or dissimilar products.

4.7.2 The supplier shall be audited, approved, and rametl based on the NASA Center’s
supplier approval and surveillance process for aimiam of 3 years before being re-audited.

A given NASA Center may utilize the audits and @ygat vendor lists from any other NASA
Center or from any NASA prime contractor. Once NASs approved the audit results, the
manufacturer is placed on the approved vendor list.

4.7.3 Fasteners shall be maintained in storage acaptdiprogram requirements until issued
for use.

Utilization of a storage system where fastenermserts from two or more different lots are
commingled (co-located or stored in the same bintber holding container) is expressly
prohibited.

4.8  Specialized Fasteners

4.8.1 Appropriate material, design, processing, andesgng requirements shall be developed
for specialized fasteners on a case-by-case basielyesponsible engineering and M&P
organizations.

4.8.2 These requirements shall be approved by the gmgefirechnical Authority and placed
in the program/project requirements document(s).

4.8.3 Non-metallic fasteners shall be considered speeidfasteners.
4.9 Fasteners Critical for Mission Success
If the Technical Authority determines that a fastes critical for mission success, they may

impose on it the same traceability and receivirgpattion requirements as a fracture-critical
fastener, even when the actual fracture classificais of a less critical nature.

4.10 Fasteners in Commercial-Off-The-Shelf (COTS) afdware
Fracture-critical, low-risk, and fail safe fastemesed in COTS hardware shall meet the

traceability requirements of this standard.
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Low released mass and contained fasteners use@irSthardware are exempt from the
requirements of this standard.

4.11 Quality Assurance Provisions

4.11.1 Discrepant/Nonconforming Fasteners

a. Any nonconformance to the quality assuranceigian detailed in sections 4.11.2 through
4.11.8 shall result in the lot being categorized@sconforming.

b. These fastener lots shall be dispositionedrdaog to the quality management system
nonconformance procedures of the responsible NAfBAle contractor, or developing organization.

c. Appropriate technical rationale for acceptaoica discrepant condition shall be
documented.

4.11.2 Certification Validation Testing (CVT) Inspections

a. CVT inspections are summarized in tables 12aadd shall be conducted on the
specified fastener types by an accredited laboratoby using NASA Center-approved processes
that are independent of the manufacturer and bligo.

When the CVT defined in table 2 refers to “sampbagis,” that indicates that every fastener does
not need to be tested. The sample size for C\6Edtisn depends on lot size and whether or not
the manufacturer is approved. It should be noted if any failures or defective components are
found, the entire lot will be rejected. The sanmgi#e required for testing done on a “sampling
basis” is defined below in sections 4.11.2.1 arid £.2.

With respect to the sampling plans shown in 4.11aPd 4.11.2.2, it is assumed that the supplier's
quality systems are correct and efficient and thatfasteners' production is in both engineering
and statistical control. It should be noted tHagde sampling plans are meant to catch only gross
departures from requirements that affect the erfastener lot, such as an incorrect material. The
sampling plans specified will not routinely findotle problems or problems affecting even
substantial portions of a lot

b. If it is necessary to statistically assessqiinaity of a lot, a larger number of samples, a

more complex sampling plan, and/or continuing assest of statistical control shall be considered
(see ANSI/ASQ Z1.4-2003 for additional information)
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4.11.2.1 Sample Size for Approved Manufacturer's Rrducts

Sample size and acceptance criteria shall be sviofor approved manufacturer’s products:

Lot Size Sample Size Acceptance
Criteria
3to 50 2 O failures
51 to 100 3 O failures
101 to 500 5 0O failures
501 to 1200 6 O failures
1201 and over 7 0O failures

4.11.2.2 Sample Size for Non-Approved Manufactures Products

Sample size and acceptance criteria shall be lsvi@For non-approved manufacturer’s products:

Lot Size Sample Size Acceptance
Criteria
4to 50 3 O failures
51 to 100 5 O failures
101 to 500 7 O failures
501 to 1200 8 O failures
1201 and over 9 O failures
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Table 1—Fastener Procurement, Documentation, and $ening Requirements

Approved :
Fastener Type Complete Partial
(Male and Female) Mfg':(;ifrtgéer COC IMTR | CVT Traceability| Traceability
Fracture-critical (FQ) X X X X X
Inserts and Nuts us
with FC Fasteners X X X X X
Low-Risk Fracture X @
(LRF) X X X X
Inserts and Nuts us X €
with LRF Fasteners X X X X
Fail Safe X| X | X XY
Low Released Mass X X x®
Contained X X x®
Retention Devices
Like Cotter Pins, (1)
Hitch Pins, Safety X X X X
Wires, and Ties

(1) If complete traceability, as-defined in section.4,6s obtained through procurement, the
CVT requirements may be reduced (see table 2).

(2) Fail-safe fasteners include rivets, shear pinscsetvs, and washers when determined to
be so by structural analysis.
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Table 2—CVT and Inspection Requirements for Fastens

100%

Fastener Type (Male and
Female)

Visual ®
Dimensional
(Sampling Basis)
Tensile
Hardness
(Sampling Basis)
Chemical
Analysis
(Sampling Basis

| Dimensional*
G| (Sampling Basis)

Fracture-critical (FC) X

Inserts and Nuts used with
Fracture-Critical Fasteners

X
X

Low-Risk Fracture (LRF) X

P

P

o,
X x| Q|Q

Inserts and Nuts used with
Low-Risk Fracture Fasteners

X
X
x

o
Q,
5

Fail Safe X X

Low Released Mass X X

Contained X X

Retention Devices Like Cotter
Pins, Hitch Pins, Safety Wire X X2
and Ties

X — Required testing, O — Optional test method (s&es below)

Tensile and chemical analysis may be performezhagption by the user to maintain
consistency in the incoming inspection processtliede tests are not required for these
categories of fasteners.

Option to substitute hardness testing on bolscoews if they are too short to tensile test,
provided they meet the requirements of section.4.21 Fail safe rivets, shear pins, set-
screws, and washers used with fail safe (or higlasteners shall be hardness tested in lieu
of tensile testing.

Per section 4.11.3, 100% of each lot must recaivenaided visual inspection (1X
magnification). Also, a sample of each lot shallispected at 10X magnification.

One hundred percent (100%) means that everynisteust be inspected, not that every
dimensional characteristic of each fastener mustdEected.

If complete traceability to the original manuiarer, as defined in section 4.6, can be
obtained, then it is optional to perform in-housiedile tests and chemical analysis.
Individual projects have the option to perform iodse sampling, but it is not a requirement
of this document.
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4.11.3 Visual Inspection

4.11.3.1 Preliminary Visual Inspection

A preliminary visual inspection to assure lot unmity shall be performed at 1X magnification
(unaided eye) on every fastener in a given lot.

4.11.3.2 Visual Inspection for Finish

Visual inspection for finish and other charactécstequiring visual inspection by the
appropriate procurement specification shall begraréd at 10X minimum magnification, on a
sampling basis that is specified in section 4.1102.4.11.2.2.
411.4 Hardness and Tensile Tests
4.11.4.1 Hardness Test Performance

a. Hardness testing according to NASM1312-6, rast€est Methods, Method 6,
Hardness, shall be performed on fail safe fastesmerequired and specified in table 2, footnote
2.

Superficial hardness or microhardness testing magfaployed in lieu of Rockwell hardness
testing only for fasteners that are #8 or smaller.

b. In order to eliminate the effects of cold waskperficial and microhardness
measurements shall be made on a cross sectiop eh#mk or threaded areas.

c. Hardness test acceptance values shall be andmtce with the applicable fastener
procurement specification.

4.11.4.2 Tensile Test Performance

a. Tensile testing shall be performed on a samiasis (as defined in section 4.11.2.1
or 4.11.2.2) for threaded fasteners according ®dajrithe following three standards:
NASM1312-8, Fastener Test Methods, Method 8, Ter&litength; NAM1312-108, Fastener
Test Methods, Metric, Method 108, Tensile StrengtBTM F 606, Standard Test Methods for
Determining the Mechanical Properties of Externalg Internally Threaded Fasteners,
Washers, Direct Tension Indicators, and Rivets NIASA-approved equivalent standard.

b. The location of the tensile break and the wterioad or ultimate strength
(whichever is required by the specification) detieed shall be recorded.

c. The specification minimum value shall also éeorded for comparison.

Load extension curves are not required.
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4.11.4.3 Hardness Substitution for Tensile Test

Hardness testing may be substituted for tensilentg¢for fail safe fasteners only) if the fastener
is too short for tensile testing.

a. When choosing hardness testing as a substifaiimsideration shall be given to the
correlation between hardness and tensile data.

In addition, when hardness testing is substituéeshicrostructural evaluation of the fastener lot
is required to demonstrate that it meets the rezguents of the applicable fastener procurement
specification.

b. This microstructural examination shall consisinspection for gross defects or
anomalies, a check of the flow lines pertaininfptging and/or rolling operation(s), and a grain
size determination.

4.11.5 Dimensional Inspection

4.11.5.1 One hundred percent (100%) dimensional inspestiati be required for fracture-
critical, mission-critical, and low-risk fastendos conformance to dimensional requirements.

One hundred percent (100%) indicates that evertefees must be inspected, not that every
dimensional characteristic of each fastener musnbpected.

4.11.5.2 The dimensional characteristics of the remainirtggaries of fasteners, with the
exception of retention devices, shall be inspeoted sampling basis as specified in table 2.

4.11.5.3 For threaded products, dimensional inspectiomefhreads shall be performed
according to ASME B1.3, Screw Thread Gaging SystiemBimensional Acceptability - Inch
and Metric Screw Threads, System 22.

4.11.5.4 Dimensional inspection shall also include verifica of the head height, fillet radius,
thread length, and shank length.

4.11.6 Chemical/Elemental Analysis

Chemical/elemental analysis shall be performedasteher materials on a sampling basis, using
any quantitative or semi-quantitative chemical/edatal analysis technique, as specified for the
fastener types listed in table 2.

A quantitative Optical Emission Spectroscopy (O&i&lysis is destructive to the fastener but is
the preferred test method.
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FOREWORD

This standard is published by the National Aeronautics and Space Administration (NASA) to
provide uniform engineering and technical requirements for processes, procedures, practices, and
methods that have been endorsed as standard for NASA programs and projects, including
requirements for selection, application, and design criteria of an item.

This standard is approved for use by NASA Headquarters and NASA Centers, including Component
Facilities.

Fracture control is mandatory for all human-rated spaceflight systems, payloads, propulsion systems,
orbital support equipment, and planetary habitats. This document establishes fracture control
requirements and methodologies (replacing NASA-STD-5007). It was developed by a NASA-wide
Fracture Control Working Group to provide a common framework for fracture control practices on
NASA programs.

Requests for information, corrections, or additions to this document should be submitted via
“Feedback” in the NASA Technical Standards System at http://standards.nasa.gov.

Original Signed By

January 7, 2008
Michael G. Ryschkewitsch Approval Date
NASA Chief Engineer
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Fracture Control Requirements for Spaceflight Hardware

1. SCOPE

1.1 Introduction

NASA’s policy is to produce flight systems with a high degree of reliability and safety. This is
accomplished through sound engineering practices in the design, analyses, inspections, testing,
fabrication, maintenance, and operation of flight structures. In keeping with this policy, fracture
control shall be required on all human-rated space systems to preclude catastrophic failure.
Fracture control provides a specialized methodology to address the consequences of naturally
occurring and service-induced flaws, damage, or cracks in a part or structure. This document
establishes the fracture control requirements for all human-rated spaceflight systems including
payloads, propulsion systems, orbital support equipment, and planetary habitats.

A viable fracture control program relies on design, analysis, testing, nondestructive evaluation
(NDE), and tracking of fracture-critical hardware. It is expected that all spaceflight hardware
will be manufactured consistent with industrial standards, practices, and quality. It is beyond the
scope, or intent, of this document to address technical or quality disciplines that should already
exist and be in place regardless of fracture control. Fracture control is imposed and required to
enhance the safety and mission reliability of systems by reducing the risk of catastrophic failure.

It is recommended that the fracture control practitioners become familiar with all portions of this
standard. The requirements are contained in section 4. Section 1.4 addresses responsibilities in
fracture control. Applicable fracture control requirements documents are provided in section 2.
Reference documents are provided in section 5. Section 4.1 addresses non-fracture-critical and
fracture-critical hardware for generic and specific hardware items. The methodology for
assessing fracture-critical parts is provided in section 4.2, and tracking for these parts is provided
in section 4.3. Section 4.4 provides documentation descriptions, section 4.5 provides verification
requirements, and section 4.6 provides alternative methods for fracture control. Section 4.7
provides other requirements. An acronym list and definitions are given in section 3. NASA-
HDBK-5010, Fracture Control Implementation Handbook for Payloads, Experiments, and
Similar Hardware, provides useful guidance and examples for meeting the fracture control
requirements contained in this document.

1.2 Purpose

Fracture control is implemented to reduce the risk of a catastrophic failure from a defect or
damage. The intent of this standard is to provide fracture control requirements for spaceflight
hardware. A variety of fracture control considerations and options are addressed, some of which
may not be applicable to a given design. Information is provided to assist the user in the
development of an effective Fracture Control Plan and other fracture control documentation.
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1.3 Applicability

These requirements are not imposed on systems other than human-rated spaceflight but may be
tailored for use in specific cases where it is prudent to do so, such as when national assets are at
risk. This standard may be cited in contract, program, and other Agency documents as a
technical requirement. Mandatory requirements are indicated by the word “shall”;
explanatory/guidance text is indicated in italics in sections 4 and 5. Tailoring of this standard for
application to a specific program or project shall be approved by Technical Authority through the
Responsible Fracture Control Board (RFCB) for that program or project.

1.4  Responsibilities

The NASA Center responsible for the manned spaceflight system shall be responsible for
designating fracture control authorities and for assuring compliance with the requirements of this
document. Within a project, the lines of responsibility for fracture control activities can be
complex. Responsibilities may involve both the line and project organizations. Definitions for
the various organizations involved are given in section 3.2. Generally, the line organization is
responsible for overseeing the technical adequacy of a given program/project; and the project
organization is responsible for implementing a technically adequate fracture control program on
its hardware.

The Fracture Control Coordinator (FCC) and the System Safety and Mission Assurance (SSMA)
representative shall assure that the fracture control activity is properly implemented and expedite
the generation of the required documentation according to section 4.4 of this standard. Fracture
control implementation shall be done with the oversight, advice, and approval of the RFCB.
Fracture control program responsibilities shall be identified at Project Formulation or
Project/System Requirements Review (P/SRR). For effective fracture control implementation,
the group, organization, or person(s) need to be identified who have the following
responsibilities:

a. Fracture classification of parts.

b. Identification and specification of required NDE or any other special requirements on
fracture-critical parts.

c. Implementation of traceability and documentation showing adherence of hardware to
approved drawings, specifications, plans, and procedures.

d. Fracture mechanics and structural analyses.

e. Assessment of anomalies on fracture-critical parts and for decisions regarding
questions or issues relating to fracture control.

f. Compilation and configuration control of the fracture control and related structural
documentation for the lifetime of the hardware.
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Designers and analysts should become familiar with fracture control requirements and conduct a
hardware assessment as delineated by the requirements in this document to establish the fracture
criticality of structural parts and components. After a final list of fracture-critical parts is
determined, the required analyses, inspections, and other fracture control activities need to be
implemented and monitored to assure timely and proper completion.

Most of this standard is written for the personnel responsible for assembling the Fracture Control
Plan, analysis, and much of the final documentation. The designers who design the hardware
and produce the drawings from which hardware is made also have an important responsibility in
fracture control. In addition to good design practices, the following are encouraged:

a. Design parts with redundancy. Avoid single-point catastrophic failures in joints and
structures when it is reasonable to do so.

b. Design parts for inspectability. Avoid welds that are not inspectable on all sides.

c. Avoid processes that tend to be crack prone such as welding, custom forging, and
casting.

d. Use well-characterized, standard aerospace materials for which the strength, fatigue,
and fracture properties are known, or provide for adequate material testing. Material testing may
also be warranted for standard materials if they are to be used in unique applications.

2. APPLICABLE DOCUMENTS
2.1 General

The documents listed in this section contain provisions that constitute requirements of this
standard as cited in the text of section 4. The RFCB, as defined in this document, shall replace
all definitions of a fracture control board in all applicable documents. The applicable documents
are accessible via the NASA Technical Standards System at http://standards.nasa.gov, directly
from the Standards Developing Organizations, or from other document distributors.

2.2 Government Documents

NASA

NASA-STD-(I)-5009, Nondestructive Evaluation Requirements for Fracture Critical Metallic
September 11, 2006 Components

NASA-STD-(1)-6008, NASA Fastener Management and Control Practices
September 12, 2006
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NASA-STD-(I)-6016,  Standard Materials and Processes Requirements for Spacecraft
September 11, 2006

JSC 20793, April 2006 Crewed Space Vehicle Battery Safety Requirements

JSC 62550, Strength Design and Verification Criteria for Glass, Ceramics and
August 30, 2005 Windows in Human Space Flight Applications

MSFC-RQMT-3479,  Fracture Control Requirements for Composite and Bonded Vehicle and
June 29, 2006 Payload Structures

Department of Defense

MIL-HDBK-6870A, Inspection Program Requirements, Nondestructive for Aircraft and
August 28, 2001 Missile Materials and Parts

Department of Transportation

DoT Title 49, United States Code, Transportation
October 1, 2000

2.3 Non-Government Documents

ANSI/ATAA S-080- Space Systems - Metallic Pressure Vessels, Pressurized Structures,
1998, September 1999  and Pressure Components

ANSI/ATAA S-081A- Space Systems - Composite Overwrapped Pressure Vessels (COPVs)
2006, July 2006

ASME Boiler and Rules for Construction of Pressure Vessels, Section VIII, Division 1 or
Pressure Vessel Code, Division 2, Alternative Rules

Section VIII, Division 1

or 2, September 2004

2.4 Order of Precedence

When this standard is applied as a requirement or imposed by contract on a program or project,

the technical requirements of this standard take precedence, in the case of conflict, over the
technical requirements cited in applicable documents or referenced guidance documents.
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3. ACRONYMS AND DEFINITIONS

3.1  Acronyms

The acronyms used in this standard are listed here to assist the reader in understanding this

document.

ATAA
ANSI
API
ASME
CM
COPV
DoT

ECF
EVA
FCC
FCSR
HCF

HD
HDBK
JSC
MDP
MEOP
MIL-HDBK
MIL-STD
MMOD
MSFC
MUA
NASA
NASGRO®
NDE
NHLBB
PDR
PRR
P/SRR
RFCB
RQMT
SSMA
STD

APPROVED FOR PUBLIC RELEASE—DISTRIBUTION IS UNLIMITED

American Institute of Aeronautics and Astronautics

American National Standards Institute

American Petroleum Institute
American Society of Mechanical Engineers

Configuration Management

Composite Overwrapped Pressure Vessel
Department of Transportation
Environmental Correction Factor

Extra Vehicular Activity

Fracture Control Coordinator

Fracture Control Summary Report
High-Cycle Fatigue

Hardware Developer

Handbook

Johnson Space Center

Maximum Design Pressure

Maximum Expected Operating Pressure
Military Handbook

Military Standard

Micrometeoroid and Orbital Debris
Marshall Space Flight Center

Materials Usage Agreement

National Aeronautics and Space Administration
NASA Crack Growth Computer Program
Nondestructive Evaluation
Non-Hazardous Leak Before Burst
Preliminary Design Review

Preliminary Requirements Review
Project/System Requirements Review
Responsible Fracture Control Board
Requirements

System Safety and Mission Assurance
Standard

11 of 44



NASA-STD-5019

3.2 Definitions

The definitions in this section may be used in conjunction with the fracture-control requirements
presented in this document to aid in understanding and implementation of effective fracture
control.

A Basis: A statistically calculated number for which at least 99 percent of the
population of values is expected to equal or exceed with a confidence of 95 percent.

Assembly/Assemblage: An integral arrangement of parts that make up an
individual unit and which act as a whole.

Catastrophic Event: Loss of life, disabling injury, or loss of a major national asset
such as the Space Shuttle, Crew Exploration Vehicle, Crew Launch Vehicle, or
International Space Station.

Catastrophic Failure: A failure that directly results in a catastrophic event.

Catastrophic Hazard: Presence of a risk situation that could directly result in a
catastrophic event.

Component: Hardware item considered a single entity for the purpose of fracture
control. The terms “component” and “part” are interchangeable in this document.

Composite/Bonded Structure: Structure (excluding overwrapped pressure vessels
or pressurized components) of fiber/matrix configuration and structure with load-carrying
non-metallurgical bonds, such as sandwich structure or bonded structural fittings.

Composite Overwrapped Pressure Vessel (COPV): A pressure vessel with a
composite structure fully or partially encapsulating a metallic liner. The liner serves as a
fluid (gas or liquid) permeation barrier and may carry substantial pressure loads. The
composite generally carries pressure and environmental loads.

Contained: A condition in which a suitable housing, container, barrier, restraint,
etc. prevents a part or pieces thereof from becoming free bodies if the part or its supports
fail.

Crack or Crack-like Defect: Defect assumed to behave like a crack for fracture
control purposes.

Custom Forging: A near net-shape forging with a unique geometry special
ordered from a forging vendor. A non-standard forging.

Damage Tolerant: Fracture control design concept under which an undetected
crack or damage (consistent in size with the sensitivity of the NDE applied) is assumed to
exist and is demonstrated by fracture mechanics analysis or test that it will not grow to
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failure (leak or instability) during the period equal to the service life factor times the
service life. “Damage Tolerant” has replaced the term “Safe Life” in this document and
other NASA Standards to avoid confusion with other technical documents.

Environmental Correction Factor (ECF): An adjustment factor used to account
for differences between the environment (thermal and chemical) in which a part is used
and the environment in which it is proof tested.

Experiment: For fracture control, an arrangement or assemblage of hardware that
is intended to investigate phenomena on a provisional, often human-tended, basis.

Fail Safe: For fracture control, a condition where, after failure of a single
individual structural member, the remaining structure (considered unflawed) can
withstand the redistributed loads, and the failure will not release a potentially catastrophic
free body.

Fastener: For fracture control, any single part which joins other structural
elements and transfers loads from one element to another across a joint.

Flight Hardware: Any structure, payload, experiment, system, or part that will be
built to flight structural requirements.

Fracture Control Coordinator (FCC): A designated individual experienced with
fracture control who is responsible for implementing fracture control and ensuring its
effectiveness in meeting all requirements by monitoring, reviewing, and approving all
related activities performed both internally and by subcontractors that affect the fracture
control aspects of the hardware. Designation may be in the form of specific duties
assigned within an existing function.

Fracture Critical: Classification that identifies a part whose individual failure is a
catastrophic hazard, and which requires damage tolerant analysis or other fracture control
assessment to be shown acceptable for flight.

Fu: Material A basis ultimate strength.
Fy. Material A basis yield strength.

Habitable Modules: Flight containers/chambers designed for supporting life.

Hardware Developer (HD): Organization directly responsible for doing the
design, manufacture, analysis, test, and safety compliance documentation, including
fracture control, of the hardware.

Hazardous Fluid: For fracture control, a fluid whose release would create a
catastrophic hazard. Hazardous fluids include liquid chemical propellants, liquid metals,
and highly toxic liquids or gases. A fluid is also hazardous if its release would create a
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hazardous environment such as a danger of fire or explosion, unacceptable dilution of
breathing oxygen, an increase of oxygen above flammability limits, over-pressurization
of a compartment, or loss of a safety-critical system.

Hazardous Fluid Container: Any single, independent (not part of a pressurized
system) container or housing that contains a fluid whose release would cause a
catastrophic hazard and that is not classified as a pressure vessel.

High-Cycle Fatigue (HCF): A high-frequency, low-amplitude loading condition
created by structural, acoustic, or aerodynamic vibrations that can propagate flaws to
failure. An example of an HCF loading condition is the vibrational loading of a turbine
blade due to structural resonance.

Initial Crack Size: The crack size that is assumed to exist at the beginning of a
damage tolerant analysis, as determined by NDE or proof testing.

K.. Critical stress intensity factor for fracture.

Keac: Stress intensity factor threshold for environment-assisted cracking. Highest
value of stress intensity factor at which crack growth is not observed for a specified
combination of material and environment.

K|.: Plane strain fracture toughness.

K|: Effective fracture toughness for a surface or elliptically shaped crack.

Kisee: Keac 1s often denoted Kig in the literature. K, is interchangeable with
KIscc-

Ki: Threshold stress intensity for crack growth to occur under dynamic (cyclic)
loading conditions.

Life Factor: See Service Life Factor.

Lifetime: See Service Life.

Limit Load: The maximum expected external load or worst-case combination of
loads that a structure may experience during the performance of specified missions in

specified environments.

Limited Life Part: Multi-mission part which has a predicted damage tolerant life
that is less than four (4) times the complete multi-mission service life.

Low-Cycle Loads: A low-frequency, high-amplitude loading condition created
by thermal, pressure, or structural loads that can propagate flaws to failure. An example
of a low-cycle loading condition is the aerothermal loading of a turbine blade during
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launch.

Low-Fracture Toughness: Material property characteristic, in the applicable
environment, for which the ratio is K./Fiy < 1.66 mm'"? 0.33 in/ 2). For steel bolts with
unknown Ky, low-fracture toughness is assumed when F, > 1240 MPa (180 ksi).

Materials Usage Agreement (MUA): A formal document showing that a non-
compliant material is acceptable for the specific application identified.

Maximum Design Pressure (MDP): For a pressurized system, the highest
pressure defined by the maximum relief pressure, maximum regulator pressure,
maximum temperature, and transient pressure excursions based on two credible system
failures.

Mechanism: A system of moveable and stationary parts that work together as a
unit to perform a mechanical function, such as latches, actuators, drive trains, and
gimbals.

Nondestructive Evaluation (NDE): Examination of parts for flaws using
established and standardized inspection techniques that are harmless to hardware, such as
radiography, penetrant, ultrasonic, magnetic particle, and eddy current.

Non-Hazardous IL.eak Before Burst (NHLBB): Characteristic of pressurized
hardware whose only credible failure mode is development of a non-hazardous leak, as
opposed to catastrophic fragmentation or abrupt rupture.

Part: See Component.

Pressure Vessel: A container designed primarily for pressurized storage of gases
or liquids and the following:

a. Contains stored energy of 19,307 joules (14,240 foot-pounds) or greater based
on adiabatic expansion of a perfect gas; or

b. Contains a gas or liquid in excess of 103.4 kPa (15 psia) that will create a
hazard if released; or

c. Stores a gas that will experience an MDP greater than 689.5 kPa (100 psia).
Pressurized Component: A line, fitting, valve, regulator, etc. that is part of a

pressurized system and intended primarily to sustain a fluid pressure. Any piece of
hardware that is not a pressure vessel but is pressurized via a pressurization system.

Pressurized Structure: A hardware item designed to carry both internal pressure
and vehicle structural load.
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Pressurized System: An interrelated configuration of pressurized components
under positive internal pressure. The system may also include pressure vessels.

Proof Test: A load or pressure in excess of limit load or the MDP by a defined
factor applied to a structure or pressurized hardware to verify structural acceptability or
to screen flaws.

R Ratio: The ratio of minimum stress to maximum stress.

Responsible Fracture Control Board (RFCB): The designated board at the NASA
Center or sponsoring institution responsible for fracture control methodology that can
interpret fracture control requirements. Designation may be in the form of specific duties
assigned within an existing function.

Responsible NASA Center: The NASA Center acting as the sponsor and/or
coordinator for the payload/hardware. For non-NASA payloads, the Johnson Space
Center (JSC) serves as the responsible NASA Center.

Rotating Machinery: Devices with spinning parts such as fans, centrifuges,
motors, pumps, gyros, and flywheels.

Rotational Energy: The energy of a rotating component is expressed as ¥ Io?,
where I is the mass moment of inertia and ® is the rotational speed in radians per second.

Safe Life: See Damage Tolerant.

Safety Critical: For fracture control, a part, component, or system whose failure
or loss would be a catastrophic hazard.

Sealed Container: Any single, independent (not part of a pressurized system)
container, component, or housing that is sealed to maintain an internal non-hazardous
environment.

Service Life: Service interval for a part beginning with manufacture and
extending through its planned and specified usage. The service life includes all loadings
and environments encountered during this period that will affect crack growth and all
manufacturing, testing, transportation, launch, on-orbit, descent, landing, and post-
landing events. A “service life” is sometimes referred to as a “lifetime.” In this sense,
“lifetime” means a specified life as opposed to an analytically predicted life.

Service Life Factor: The factor on service life required in damage tolerant
analysis or testing. A minimum service life factor of four (4) is required. The “service
life factor” is often referred to as the “life factor.”

Shatterable Materials: Any material that is prone to brittle failures during
operation which could release many small pieces into the surrounding environment.
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Standard Forging: Common, commercially available parts that include billets, or
rings with channel, angle, tee, or other common cross sections that are regularly produced
in quantity by forging vendors.

Standard NDE: Formal crack-detection procedures that are consistent with
common industrial inspection standards.

Static Fatigue: Strength degradation with time resulting from flaw growth is
referred to as static fatigue. For instance, in glass, flaws grow as a function of stress,
flaw size, environment, and time.

System Safety and Mission Assurance (SSMA) Representative: A designated
individual from the SSMA organization who is responsible for ensuring SSMA
requirements are met including the fracture control requirements of traceability and
documentation. The SSMA representative is also responsible for ensuring that the flight
hardware complies with approved drawings, specifications, plans, and procedures by
providing an independent assessment of established safety, reliability, maintainability,
and quality requirements.

Tools: Devices that are manually employed by a crew member to perform work
or serve a structural function.

Yield Strength: The stress that corresponds to a plastic axial strain of 0.002
mm/mm (0.002 in/in).

4. REQUIREMENTS

4.1 Fracture Control Classification of Parts

a. Fracture control shall be initiated by a structure/system screening review to identify
fracture-critical parts based on failure modes, consequences of failure, applicable requirements,
and experience.

b. All spaceflight hardware shall be examined to determine its fracture control
classification.

c. In the event previously flown hardware exists that was certified to fracture control
requirements levied under prior programs, the hardware shall be re-assessed using the fracture
control requirements specified here.

d. Additionally, all hardware that deviates from the certified design configuration, either

through off-nominal conditions or degradation during service, shall require a complete update to
the existing fracture control classification and analyses.
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Hardware may be classified as exempt, non-fracture critical, or fracture critical. These three
categories are broken down further to assist in the classification of parts.

Exempt hardware typically includes non-structural items such as flexible insulation blankets,
enclosed electrical circuit components/boards, electrical connectors (including locking devices),
wire bundles, and seals. Small mechanical parts, such as bearings and valve seats, that have
been developed and qualified through required test programs and rigorous process control to
demonstrate their reliability, and whose failure does not directly lead to a catastrophic hazard,
may be exempt from fracture control with the approval of the RFCB.

Non-fracture-critical hardware can include low-released or contained mass, fail safe, NHLBB
pressurized components, low-speed and low-momentum rotating machinery, and protected glass.
Section 4.1.1 gives a detailed description of all of the non-fracture-critical classifications and
requirements for classifying specific hardware items.

Fracture-critical hardware includes pressure vessels, high-energy or high-momentum rotating
equipment, hazardous fluid containers, habitable modules, and any remaining hardware that does
not fit the categories of exempt or non-fracture critical.

e. All fracture-critical hardware shall be shown to meet fracture control requirements
through analysis and/or test as defined in section 4.2.

Section 4.1.2 provides requirements for classifying and assessing specific types of fracture-critical
hardware.

f. Assessment of hardware criticality shall examine the different phases of application
including transportation, launch, on-orbit, interplanetary, or lunar travel including surface
operations and return-to-ground (including contingencies) to determine the applicability and
extent of fracture control.

For example, a part may not be fracture critical during the launch phase, but could be fracture
critical for on-orbit service. In this case, the fracture control assessments will address the on-

orbit phase as well as other phases and their potential effects on the on-orbit performance.

g. Fracture-critical parts shall be identified as such on the engineering drawings to alert
all who use the drawing as to the criticality of the part.

Designers and analysts need to work together to assure that required notations, including NDE
and/or proof-test requirements, are provided on the drawing for any fracture-critical part.

4.1.1 Non-Fracture-Critical Parts

This section gives a detailed explanation of each of the non-fracture-critical classifications and
requirements for classifying specific hardware items as such.
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Those parts that are identified as non-fracture critical shall be designated as complying with the
requirements of fracture control without further activity beyond conventional aerospace
verification and quality assurance procedures.

4.1.1.1 Low-Released Mass

All parts of any size in this category whose release would not be a catastrophic hazard either to
the source of the mass or to any other structures, systems, or crew that could be impacted by the
mass during any phase of launch or flight can be classified non-fracture critical.

a. Where uncertainty exists as to consequences of a released mass inside a structure, the
released mass shall not be able to achieve (for example, via contact with crew or release during
launch) a velocity of more than 10.7 m/sec (35 ft/sec) or a momentum of more than 1.24 kg-
m/sec (8.75 ft-lb/sec).

b. Released mass external to a vehicle shall be shown to present acceptable risk (section
4.1.1.8.1) after impact upon all potential impact surfaces if applicable.

c. Fasteners preloaded in tension that have low-fracture toughness, Ki./F;y < 1.66 mm!/?
(0.33 in!/2), shall be limited to 14 gm (0.03 pound) potential free mass.

d. Parts with a single-point failure that would exceed low-released mass limits shall be
contained (section 4.1.1.2) or meet the low-risk criteria (section 4.1.1.12) to be classified non-
fracture critical.

4.1.1.2 Contained Parts

A failed part confined in a container or housing or otherwise positively restrained from free
release that does not result in a catastrophic hazard can be classified as non-fracture critical.

a. Pressurized components or rotating devices within stowed or contained hardware
shall be assessed independently, as provided in this standard, to ensure safe application against

catastrophic failure of the container/compartment.

b. Containment of rotating devices shall consider the combined effect of rotational
speed and potential for mass release to determine classification (see section 4.1.1.5).

Guidance for calculating containment of high-energy rotating devices is given in NASA-HDBK-
5010.

c. Contained hardware shall also be examined for potential damage effects of single-
point mass releases inside the confinement itself.

d. Release of masses (of any size) within a container that could credibly defeat an
internal safety-critical function shall be precluded by appropriate technical measures, which can
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include compliance with requirements for low-risk part classification (see 4.1.1.12), or other
techniques approved by the RFCB.

e. Enclosures with openings shall only be assessed for containment of parts larger than
accessible openings.

f.  'When containment is furnished by a compartment with doors or other hardware
designed to open, the closure design shall be one failure tolerant of accidentally opening; i.e.,
hinges, latches, and other mechanisms shall be redundant for keeping a door closed in the event
one device fails.

Typical electronic boxes and related equipment such as radios, cameras, recorders, personal
computers, and similar close-packed and enclosed hardware can be regarded as acceptable
containers of internal parts without further assessment.

Release of a free mass from a fastener that is mechanically constrained (e.g., safety wired) can
be assumed to be contained. All constrained fasteners can be classified non-fracture critical if
failure does not result in a catastrophic hazard due to loss of structural integrity of the fastener
or loss of a safety-critical function.

4.1.1.3 Fail Safe

a. A part, or any load-carrying element such as a fastener, latch, or weld, can be
identified as “fail safe” and classified as non-fracture critical when it meets the following
criteria:

(1) Due to structural redundancy, the structure remaining (assumed unflawed) after
complete part failure (all load paths severed) shall withstand all redistributed
loads with a minimum ultimate safety factor of 1.0 on limit load.

(2) Composite, non-ductile metallic parts and bonds shall have an appropriate safety
factor coordinated with the RFCB.

(3) The structural failure shall not release a potentially catastrophic mass in violation
of sections 4.1.1.1 and 4.1.1.2.

b. In doing a fail-safe analysis of an assembly of several similar parts with a common
function, such as fasteners in a bolted joint or struts in a truss, the part with the highest load and
the part with the lowest margin (these may not be the same) shall be removed separately to
assess fail-safe capability.

c. In doing a fail-safe analysis where the parts in the assembly are distinct, each part
shall be removed to assess fail-safe capability.

d. In highly redundant complex structures, the rationale for part selection shall be
documented by the analyst and presented to the RFCB for approval.

APPROVED FOR PUBLIC RELEASE—DISTRIBUTION IS UNLIMITED

20 of 44



NASA-STD-5019

e. When determining redundancy, the effect of altered dynamic coupling on loading
shall be considered unless

(1) the design loads are shown to be conservative with respect to dynamic coupling
variations, or
(2) failure of the part does not significantly alter dynamic response of the hardware.

f. Redundancy against catastrophic failure shall be re-verified between missions for a
fail-safe structure that is re-flown and for on-orbit structures subject to significant fatigue loading
at program prescribed intervals.

Re-verification may be accomplished by a close visual inspection (aided by cameras,
boroscopes, or other assistance if necessary) of the hardware for signs of damage. If damage is
indicated, a more rigorous inspection can be made to establish fail-safe structural integrity with
the approval of the RFCB. An alternative to re-verification of structural redundancy is to show
the remaining structure has sufficient fatigue capability, demonstrated by a fatigue or damage
tolerance analysis or test, to reach end of service using concentrated stresses and a service life
factor of 4.0 on total cycles.

4.1.1.4  NHLBB Pressurized Components

a. Pressurized components whose only credible failure mode is development of a non-
hazardous leak (as opposed to catastrophic fragmentation or abrupt rupture) and that meet items
b(1) through b(4) in this section can be classified as NHLBB, provided that release of the
contents is not a catastrophic hazard.

(1) NHLBB shall not be applied to habitable structures and enclosures.
(2) To be classified NHLBB, the components shall not have coatings, barriers, liners,
or other means that prevent or inhibit leakage through a flaw.

Catastrophic hazards to be considered in this assessment include unacceptable dilution or
toxicity of breathing environment, increases in oxygen or flammable fluids beyond flammability
limits, or loss of a safety-critical function.

b. Pressurized lines, fittings, and other system components such as regulators, valves,

filters, and bellows can be classified as NHLBB and non-fracture critical provided items (1)
through (4) below shall be met:
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(1) A leak is not a catastrophic hazard.

(2) System supports and brackets meet fracture control.

(3) The crack opening of the critical flaw size at typical operating pressures is large
enough to allow a stable leak that reduces the internal pressure.

The methodology given in API-RP-579, Fitness-for-Service can be used for guidance in meeting
the leakage requirement.

(4) The leak is automatically detected and further pressure cycling is prevented, or
there is no re-pressurization.

4.1.1.5  Non-Fracture-Critical Rotating Machinery
Rotating machinery that has kinetic energy less than 19,307 joules (14,240 foot-pounds) and
angular momentum less than 136 Newton-meter-seconds (100 pound-foot-seconds) and does not

present a catastrophic hazard risk can be classified as non-fracture critical.

a. In the event of failure, low-energy and low-momentum rotating equipment shall be
examined for protection against a catastrophic occurrence resulting from released masses.

b. Rotating equipment whose failure could be catastrophic shall be shown to be
contained (section 4.1.1.2).

c. Where containment cannot be assured or failure directly results in a catastrophic
hazard, the device shall be treated in accordance with applicable criteria in section 4.1.2.2 for

fracture-critical rotating machinery.

d. The mounts for rotating machinery shall be addressed as standard structure and
assessed for fracture criticality.

Shrouded or enclosed fans (8000 rpm and 20.4-cm (8-in) diameter maximum), electric motors,
shafts, gearboxes, recorders, conventional pumps (including roughing pumps), and similar
devices can be classified non-fracture critical unless failure would lead to a catastrophic hazard.
4.1.1.6  Fasteners and Shear Pins

A fastener or pin whose individual single-point structural failure would clearly not be a
catastrophic hazard, or a group of fasteners or pins where loss of any one fastener or pin would
clearly not result in a catastrophic hazard, can be classified non-fracture critical by meeting the
requirements of sections 4.1.1.1, 4.1.1.2, and/or 4.1.1.3, as applicable.

a. All rivet applications shall meet fail-safe requirements (section 4.1.1.3).

Locking devices to prevent fastener or connector back out, including wires, tangs, or other
methods are non-fracture critical by exemption.
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b. Fasteners and shear pins can also be classified as low risk if the following are met:

(1) Fastener shall be in a local pattern of two or more similar fasteners.

(2) Fastener and joint shall be within the Shuttle or International Space Station
experience base.

(3) Fastener shall be fabricated and inspected in accordance with military standard,
national aircraft standard, or equivalent commercial aerospace specifications.

(4) Fasteners shall be procured and have positive back-off prevention consistent with
their criticality using NASA-STD-(I)-6008, NASA Fastener Management and
Control Practices.

(5) Fasteners used in multi-cycle applications shall have rolled threads and be fatigue
rated.

(6) Fastener shall be fabricated from a metal not sensitive to stress corrosion cracking
as defined in NASA-STD-(I)-6016, Standard Materials and Processes
Requirements for Spacecraft.

(7) If used in tension applications, the fastener shall not be made from a low fracture-
toughness alloy as defined in section 3.2 or, specifically, Ti-6Al-4V STA
titanium.

(8) Fasteners shall meet appropriate preloads and stress requirements with no joint
gapping (gapping is allowed under fail-safe and/or emergency conditions).

(9) Reworked or custom-made fasteners shall require RFCB approval.

4.1.1.7  Non-Fracture-Critical Composite/Bonded Structures

Polymer matrix composite/bonded structures that meet the non-fracture-critical requirements as
specified in MSFC-RQMT-3479, Fracture Control Requirements for Composite and Bonded
Vehicle and Payload Structures, and meet the intent of MIL-HDBK-6870A, Inspection Program
Requirements, Nondestructive for Aircraft and Missile Materials and Parts, can be classified
non-fracture critical.

4.1.1.8 Shatterable Components and Structures

External and internal components manufactured from a material that is prone to brittle failures
can be classified as non-fracture critical if the requirements of section 4.1.1.8.1 or 4.1.1.8.2 are
met.

4.1.1.8.1 Low-Risk External Components and Structures

Any components or structures that are on the external surface of a spacecraft, including thermal
protection systems, which are manufactured from a material that has limited ductility such that it
is prone to brittle failures when cracked and/or subjected to impact, can be classified as non-

fracture critical by meeting a, b, and c, below.

a. Process controls verified by lot testing of components or structures shall provide A
Basis static and dynamic strength properties.
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Structural testing may be substituted, with prior approval of the RFCB, for component level lot
testing when process controls and coupon testing have been shown to reliably establish
component strengths.

b. Multi-mission components or structures shall be assessed for integrity between flights
via inspection or test.

c. Components or structure shall meet either of the following two requirements
throughout the mission life while presuming a worst-case mission environment, including but not
limited to credible impacts from vehicle loss of external surface mass, micrometeoroid and
orbital debris (MMOD), extra vehicular activity (EVA) inadvertent contacts, and EVA tool
impact hazards:

(1) The component or structure shall have a factor of 4 on life and 1.4 on strength
while reliably accounting for the effects of manufacturing and/or service-induced
flaws.

(2) The design shall be redundant in function and strength such that loss of a primary
member does not result in catastrophic loss of function or required strength that
prevents the spacecraft from safely completing the mission.

4.1.1.8.2 Shatterable Components and Structures Inside Volumes

Non-fracture critical shatterable components in volumes shall meet the requirements contained in
JSC 62550, Strength Design and Verification Criteria for Glass, Ceramics and Windows in
Human Space Flight Applications.

If approved by the RFCB, small shatterable parts can be accepted for use based on vibration
environmental testing, inspection, and functional tests that verify the integrity. Camera lenses
and similar pieces that are recessed or protected during non-use periods are considered
protected and can be classified non-fracture critical.

4.1.19 Sealed Containers

Sealed containers (e.g., a sealed electronics box) can be classified as non-fracture critical if
failure does not result in a catastrophic hazard, the container supports meet fracture control
requirements, and the container complies with the following:

a. The container shall be made from materials typically used for commercially available
sealed containers procured to an aerospace standard or equivalent.

b. The container shall be pressurized to 1.5 atmospheres or less.

(1) If the container is pressurized to more than 1.5 atmospheres, an analysis shall show
that the container has a positive margin against burst when a factor of 2.5 on MDP
is used, or

(2) The container shall be proof tested to a minimum of 1.5 times the MDP.
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The container portion of a non-fracture critical sealed container does not require NDE to screen
for flaws. The container supports may require NDE depending on their individual fracture
control classification.

4.1.1.10 Tools/Mechanisms

All tools and mechanisms that are not classified as fracture critical according to section 4.1.2.6
can be classified non-fracture critical if the requirements of sections 4.1.1.1 or 4.1.1.2 are met.

4.1.1.11 Batteries

Batteries and battery systems that meet the requirements of JSC 20793, Crewed Space Vehicle
Battery Requirements, can be classified non-fracture critical. Battery cells/cases that meet
either the NHLBB requirements in section 4.1.1.4 or the sealed container requirements in section
4.1.1.9 can be classified non-fracture critical. Small batteries in common use, such as button
cells of 200 milliamp-hours or less and carbon-zinc or zinc-air batteries of size “F” or smaller
are exempt from fracture control.

4.1.1.12 Low-Risk Part

This section addresses parts that can be classified non-fracture critical because of large
structural margins and other considerations that make failure from a pre-existing flaw extremely
unlikely.

a. For a part to be classified low risk, it shall be constructed from a commercially
available material procured to an aerospace standard or equivalent.

b. Aluminum parts shall not be loaded in the short transverse direction if this dimension
is greater than 7.62 cm (3 in).

c. A part whose failure directly results in a catastrophic hazard shall be excluded from
being classified low risk, except when the total (unconcentrated) stresses in the part at limit load
are less than 30 percent of the ultimate strength for the material used and requirements (1)
through (3) and either (4) or (5) are met.

d. If there is a change in loads, parts classified as low risk shall be re-evaluated to ensure
that net section stresses remain below 30 percent of ultimate strength.

(1) If the part contains metallic materials, it shall be fabricated from a well-
characterized metal that is not sensitive to stress corrosion cracking as defined in
NASA-STD-(I)-6016.

A. Metallic parts shall have a material property ratio of Ky/Fy > 1.66 mm'”? (0.33

in'”).
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B. With the approval of the RFCB, the effect of material thickness on K;. value
may be considered, and the K, value may be used in lieu of K}, if it is known
for a specific application.

(2) The part shall not be fabricated using a process that has a significant probability
of introducing flaws unless specific NDE or testing, which has been approved by
the RFCB, is applied to sufficiently screen for flaws.

(3) At a minimum, the parts shall receive an inspection for surface defects prior to
assembly.

A. Defects that could affect part life shall be cause for rejection of the low-risk
classification.

(4) A maximum stress that does not exceed the endurance limit or Sy, < Fo/(4{1-0.5
R}), where S;,.x is the local concentrated stress, and R is the ratio of minimum
stress to maximum stress in a fatigue cycle.

(5) A damage tolerance analysis from a 0.127 mm (0.005 in) initial crack that
conservatively accounts for the effects of notches and mean stress and shows a
minimum of four (4) complete service lives with a factor of 1.5 on alternating
stress.

4.1.2 Fracture-Critical Parts

This section provides criteria for classifying and assessing specific types of fracture-critical
hardware.

In addition to the requirements in this section, fracture-critical parts shall meet the damage
tolerance requirements in section 4.2 unless specifically stated otherwise.

4.1.2.1 Pressurized Hardware

a. All pressurized hardware, including pressure vessels (see definition in section 3.2)
and pressurized structure, that contains hazardous fluids shall be classified fracture critical.

b. A pressurization history log shall be maintained for pressure vessels to ensure that
allowable numbers of pressurizations and time at pressure are not exceeded and to document that
required conditions for pressurization (such as temperature and rate) are adhered to.

c. If fracture mechanics analyses are used to meet the damage tolerance requirements in
section 4.2, the approach shall be approved by the RFCB.

4.1.2.1.1 Metallic Pressure Vessels
a. Metal pressure vessels shall comply with the latest revision of ANSI/AIAA Standard
S-080, Space Systems - Metallic Pressure Vessels, Pressurized Structures, and Pressure

Components, with the following tailoring:

(1) MDP shall be substituted for all references to maximum expected operating
pressure (MEOP).
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(2) Pressure vessels designed and manufactured in accordance with the rules of the
ASME Boiler and Pressure Vessel Code, Section VIII, Division 1 or 2, or DoT
Title 49, that also meet the NHLBB requirements of section 4.1.1.4, shall not be
required to meet the damage tolerance requirements of section 4.2.

A. All other pressure vessels shall meet the damage tolerance requirements of
section 4.2, in accordance with the requirements of 4.1.2, and therefore not be
designed to the Leak Before Burst requirements of ANSI/ATAA S-080.

4.1.2.1.2 Unlined Composite Pressure Vessels
Unlined composite pressure vessels shall require the prior approval of the RFCB.
4.1.2.1.3 COPVs

COPVs shall comply with the latest revision of ANSI/AIAA Standard S-081, Space Systems-
Composite Overwrapped Pressure Vessels (COPVs), with the following tailoring:

a. MDP shall be substituted for all references to MEOP.

b. Mechanical damage control shall include protective covers and damage indicators as a
minimum unless otherwise approved by the RFCB.

c. If damage indicators are utilized, the indicator shall be inspected between missions.
4.1.2.1.4 Lines, Fittings, and Other Pressurized Components

a. Lines, fittings, and other pressurized components (hardware items that are part of a
pressurized system including valves, filters, regulators, heat pipes, and heat exchangers) shall be
considered fracture critical if they contain hazardous fluids or if loss of pressurization would
result in a catastrophic hazard.

b. All fusion joints in fracture-critical pressure components shall be 100 percent
inspected using a qualified NDE method to determine the presence of unacceptable lack of
penetration or other unacceptable conditions both on the surface and within the fusion joint.

c. Inspection of fracture-critical fusion joints shall be made after proof testing, and for
lines and fittings, after proof test of the final assembly.

d. Concurrence of the RFCB shall be required where full NDE is required but not
considered practical.

e. Any type of flaw indication in the final product that does not meet specification
requirements shall be cause for rejection.

f. In addition to proof testing of parts during individual acceptance, the complete
pressure system shall also be proof tested and leak checked to demonstrate system integrity.
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If the lines, fittings, and other pressurized components are proof tested to a minimum of 1.5 times
the MDP, then the damage tolerance requirements of section 4.2 are not required.

4.1.2.2  Rotating Machinery

a. A rotating mechanical assembly shall be fracture critical if it has a kinetic energy
exceeding 19,307 joules (14,240 foot-pounds) or an angular momentum exceeding 136 Newton-
meter-seconds (100 pound-foot-seconds).

b. In addition to other requirements for fracture-critical components, fracture-critical
rotating machinery shall be proof tested (spin tested) to a minimum factor of 1.05 and subjected

to NDE before and after proof testing.

c. If NDE after proof testing is not practical, then the rotating part shall be contained
(see section 4.1.1.2), and

(1) loss of function shall not be safety critical, or
(2) it shall be shown that the proof test adequately screens for flaws (see section
4.2.4.4.2) with RFCB approval.
NASA-HDBK-5010 contains guidance on classifying fracture-critical rotating hardware.

4.1.2.3 Fasteners

Fasteners that do not comply with the various non-fracture-critical criteria applicable to
fasteners in section 4.1.1 are classified fracture critical.

a. Fracture-critical fasteners shall meet items (3) through (9) of the criteria in section
4.1.1.6.

b. Use of fracture-critical fasteners less than 0.48 cm (3/16 in) diameter shall require
prior approval by the RFCB.

c. Preload and its effect on flaws and cyclic stresses shall be considered in the damage
tolerance assessment.

d. All fracture-critical fasteners shall be inspected by the eddy current NDE technique or
be proof tested to screen for flaws.

e. Damage tolerance analysis shall assume a flaw in the thread root of a size consistent
with NDE sensitivity or proof-test level.

NDE flaw sizes are given in NASA-STD-(1)-5009, Nondestructive Evaluation Requirements for
Fracture Critical Metallic Components.
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Pins, tangs, and lock wire used for assurance against fastener back-off are exempt from fracture
control.

f. Inserts used in conjunction with fracture-critical fasteners shall be proof-load tested to
a minimum factor of 1.2 after installation.

This would include, for example, inserts bonded or potted into composite and sandwich
structures as well as inserts installed into metallic structures. Note that composite structures

require additional considerations as given in section 4.1.2.4.

g. After inspection or testing, fracture-critical fasteners shall be stored and controlled to
keep them isolated from other fasteners.

4.1.24 Composite/Bonded Structures

Fracture-critical polymer matrix composite structures that meet the requirements contained in
MSFC-RQMT-3479 and meet the intent of MIL-HDBK-6870 are not required to meet the
requirements of section 4.2.

All other fracture-critical composites shall require prior approval by the RFCB.

4.1.2.5 Shatterable Components and Structures

a. All shatterable components and structures that do not meet the criteria in section
4.1.1.8 shall be classified as fracture critical.

b. Fracture-critical shatterable components in volumes shall meet the requirements
contained in JSC 62550.

c. Fracture control of fracture-critical external components and structures shall be
coordinated with the RFCB.

4.1.2.6  Tools/Mechanisms

a. Tools or mechanisms that are the only (not back-up) means for performing a function
where failure to perform the function would result in a catastrophic hazard, or a tool/mechanism
whose failure during use would, in itself, result in a catastrophic hazard, shall be classified
fracture critical.

This classification includes safety-critical tethers.

b. Each fracture-critical tool or mechanism shall be proof tested or adequately inspected
to assure that defects that could cause failure during use are not present.

c. Fatigue-rated springs shall be used for fracture-critical spring applications when
greater than 1,000 cycles are required.
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d. Fracture-critical tools/mechanisms shall, as applicable, also be assessed for
compliance with the requirements of sections 4.1.1.1 or 4.1.1.2.

4.1.2.7 Batteries

a. Batteries not meeting the criteria of section 4.1.1.11 shall be classified as fracture
critical.

b. Fracture-critical batteries shall meet both the requirements of JSC 20793, Manned
Space Vehicle Battery Safety Handbook, and hazardous fluid containers (section 4.1.2.8).

4.1.2.8 Hazardous Fluid Containers

a. Hazardous fluid containers shall be damage tolerant against rupture and leak when
release of a fluid would cause a catastrophic hazard.

b. Containers shall meet all the requirements of pressure vessels (section 4.1.2.1) when
the contained fluid has a delta pressure greater than 1.5 atmosphere.

A container that has a delta pressure less than 1.5 atmosphere, a minimum factor of 2.5 times
MDP on burst pressure, and meets the fracture control requirements for pressurized components
(section 4.1.2.1.4) can be classified non-fracture critical.

c. Integrity against leaks shall be verified by test at 1.0 times MDP.
4.1.2.9  Habitable Structures and Enclosures

a. All habitable structures and enclosures designed to support life shall be classified as
fracture critical.

b. The following requirements apply:

(1) Pressure shells shall be classified as damage tolerant.

(2) Pressure shells shall be proof tested and verified leak-tight.

(3) At a minimum, the damage tolerant required NDE shall be performed post-proof
test. Pre-proof NDE is highly recommended to protect high-value structures and
facilities.

(4) Structures made of polymer matrix composites shall also meet the requirements of
MSFC-RQMT-3479 and the intent of MIL-HDBK-6870A.

A. Other structures made of materials that cannot be analyzed using conventional
fracture mechanics methodologies (e.g., inflatable non-metallic structures)
shall be designed and tested to demonstrate adequate failure tolerance.

B. Verification shall be approved by the RFCB.

(5) Habitable structures or enclosures shall not be classified as NHLBB, because
pressure shall be maintained.
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(6) Damage tolerant assessment of habitable structures and enclosures shall consider
worst case, design allowable, fusion joint peaking, mismatch, and residual
stresses.

(7) The influence of coatings/barriers on leak detection during proof and other testing
shall be assessed.

(8) Operation shall be monitored and documented to ensure that certification is not
invalidated.

4.1.2.10  Single-Event Fracture-Critical Components
Fracture-critical components with a single-event life loading history, such as pyrotechnic
components, can be shown acceptable by demonstrating a factor of 1.4 against fracture
toughness instead of a factor of four (4) on life if all of the following conditions apply:

(1) The single-event loading is a single cycle or a single cycle with rapidly decaying

subsequent cycles.

(2) The component is not subject to any other significant loads.

a. The margin on fracture shall be either determined analytically or demonstrated by

test. When determined analytically, the margin for the 1.4 factor on toughness can be computed
as shown:

Margin on Toughness = Ky / (1.4 * Kappiiea) — 1

where K is the plane strain fracture toughness and Kypiieq 18 the peak applied stress intensity for
metallic structures.

b. Any deviation shall be approved by the RFCB.
Demonstration by test can be used in situations where the applied loads are difficult to
determine, the material properties are uncharacterized, or other factors make the damage
tolerance analyses difficult.
c. Demonstration tests shall be coordinated with the RFCB.
d. The test articles shall each contain a flaw in the worst location and orientation.
e. Flaw sizes and load amplitudes shall be one of the following (1 or 2):
(1) Loads are known and can be readily applied to test articles.
A. The test load shall be 1.4 times the maximum expected flight load.
B. The flaw size shall be at least as large as the requirements of NASA-STD-(I)
50009.

(2) Loads are difficult to apply or not well characterized.
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A. The flaw size shall be at least twice as large in all dimensions as the
requirements of NASA-STD-(I)-5009.

B. Load application shall simulate worst-case flight conditions.

C. A sufficient number of articles shall be tested to ensure test conditions
approached maximum flight conditions.

4.1.2.11 HCF Components

Fracture-critical components operating in a potential HCF environment, such as turbine blades,
rotors, impellers, and other high-speed elements that are subject to local modes of high-
frequency vibration and large numbers of loading cycles, can be shown acceptable by
demonstrating no HCF flaw growth.

a. The threshold value used for an HCF assessment shall be approved by the RFCB.
b. The following procedure shall be used to meet this requirement:

(1) The initial NDE flaw size shall be assumed in the worst location and orientation.

(2) The flaw shall be propagated for four (4) times the required design life using the
low-cycle loads such as thermal, pressure, or speed.

(3) The final flaw size from the calculations in (2) shall be used as the initial flaw size
in calculating the stress intensity due to the HCF environment.

(4) The metallic component is acceptable if the calculated HCF stress intensity is
below the stress intensity factor threshold for the metallic material.

(5) The composite component is acceptable if the calculated HCF total strain energy
is below the total strain energy threshold for the composite material.

4.2  Methodology for Assessing Fracture-Critical Hardware

a. Those parts identified as fracture critical shall be shown to be damage tolerant by
damage tolerance analysis (section 4.2.1), damage tolerance test (section 4.2.2), or fleet leader
testing (section 4.2.3).

b. The damage tolerant demonstration shall be based on an initial flaw size that could be
present in the part.

c. This flaw size shall be established by NDE, proof testing, or process control.
General damage tolerance requirements are defined in section 4.2.4.

d. Analysis or test shall consider all significant loadings, both cyclic and sustained, that
the part can experience during ground, flight, orbital, and planetary phases.

e. Loads from these phases shall be considered for each mission the hardware may
undertake.
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The total of all significant loading events and environments comprise one (1) service life (see
definitions for damage tolerant, service life, and service life factor).

f. Damage tolerant parts shall be shown to have a service life factor of at least four (4)
and subsequently have a positive margin on toughness.

g. If four (4) is not achieved, the part shall be redesigned, or a special inspection
technique can be employed.

h. Special inspection techniques shall be approved by the RFCB. If feasible, the life
requirement can be reduced (limited life) and the part replaced or re-inspected when available
life is used.

i. If “limited life” parts are to be employed, project management shall be informed and
determination made to replace the part, re-verify damage tolerance if feasible (e.g., make the part
accessible for NDE inspections in service), or define an acceptable level of risk.

4.2.1 Damage Tolerant Analysis

a. Damage tolerant analysis shall assume that an undetected flaw is in the most critical
area and orientation for that part using the requirements in section 4.2.4.

Models for crack growth rate and fracture mechanics analyses may vary from version to version
and may also vary from equations published in the literature.

b. The version used for the original design and analysis shall be acceptable for the life of
the hardware unless loading and/or design changes take place.

c. If fracture life has driven the design, or if loading/design changes are made, the most
current version of the analysis program shall be used for life assessment using settings

appropriate for the particular application.

d. If predicted life is lacking after re-assessment, or if valid concern about fracture life
of other hardware occurs, the matter shall be brought to the RFCB for resolution.

4.2.1.1 Deterministic Methods
a. To show that a part meets fracture control requirements, it shall be demonstrated that
the part can survive at least four (4) service lives from an initial flaw with the exception of

single-use hardware (section 4.1.2.10).

b. The size of the flaw shall be based on appropriate NDE techniques, proof testing, or
process control as defined in section 4.2.4.4.
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The computer program NASGRO® (NASA Crack Growth Computer Program) is an approved
analysis tool for the damage tolerance life assessment of metallic spaceflight hardware. Other
computer programs or analysis methods are acceptable with prior approval by the RFCB.
4.2.1.2  Probabilistic Methods

Standard NASA damage tolerance analyses are deterministic, and experience has shown these
deterministic methods to be adequate. The probabilistic method uses knowledge (or
assumptions) of the statistical variability of the damage tolerance variables to select criteria for

achieving an overall success confidence level.

Any proposed use of probabilistic damage tolerance criteria to meet fracture control
requirements shall be approved by the RFCB on an individual-case basis.

4.2.2 Damage Tolerant Testing

Damage tolerant testing can be used whenever fracture mechanics analysis methodologies are
not applicable or in lieu of analysis if approved by the RFCB.

The general requirements in section 4.2.4 shall be implemented in damage tolerance testing.
4.2.3 Fleet Leader Testing

In cases where loading conditions are poorly defined, a ground test fleet leader program can be
developed to allow hardware use.

A fleet leader testing program shall be developed with RFCB approval.
4.2.4 General Damage Tolerance Requirements

Damage tolerance analyses (section 4.2.1) and tests (section 4.2.2) shall be undertaken with the
following requirements on input parameters.

General considerations, guidance, and comments on the effects of input variation on damage
tolerance are provided in NASA-HDBK-5010.

4.24.1 Material Selection and Fracture Mechanics Properties

a. Fracture-critical parts shall be fabricated from materials and/or components with
specific verification of applicable supplier data/certifications and obtained from bonded storage
or equivalent materials/hardware control.

b. Materials shall be compatible with NASA-approved standards and specifications.

The NASGRO® material database contains fracture mechanics properties for several materials
that can be utilized with concurrence from the RFCB.

APPROVED FOR PUBLIC RELEASE—DISTRIBUTION IS UNLIMITED

34 of 44



NASA-STD-5019

c. Several factors shall be considered in material selection with respect to fracture
performance as listed below.

4.2.4.1.1 Service Environment

a. The effect of environmental factors, such as temperature and exposure to harmful
media, on flaw growth and fracture properties shall be documented.

b. Materials not developed and qualified in accordance with the requirements of NASA-
STD-(I)-6016 shall have an approved MUA.

c. An MUA shall include documentation on the suitability of the alloy for the specific
application and be included in the Fracture Control Summary Report (FCSR).

4.2.4.1.2 Product Form

a. Specimens used to characterize a material shall be representative of the stock used to
manufacture the hardware.

b. Fracture properties for welded and/or brazed joints shall be developed for parts
requiring damage tolerant analysis.

4.2.4.1.3 Material Orientation

a. Fracture properties for all material orientations shall be developed for materials where
anisotropic behavior is noted.

b. Properties of the weakest material orientation shall be used in the life and strength
analysis unless material orientation is fully traceable throughout the design and manufacturing
process.

4.2.4.1.4 Material Processing

Fracture properties shall be representative of the material process condition found in the
hardware.

4.2.4.2  Fracture Mechanics Material Properties
Requirements on material properties used in damage tolerant analyses are provided below:

a. The fatigue crack growth rate and fracture toughness values for predicting crack
growth and instability shall be average or typical values.

(1) All data shall correspond to the expected in-service temperature and chemical
environments.
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When the amount of predicted crack growth is small (initial and critical cracks are of
similar size), or if either sections 4.2.4.2(d) or (e) are applicable, then the RFCB may
require use of a lower bound fracture toughness at the end of four (4) service
lifetimes to ensure there is a positive fracture margin.

b. Fracture properties shall be appropriate for the product form, thickness, environment,
and constraint condition.

(1) For NASGRO® analyses, the fitting parameter on instability, By, shall be set to
zero unless specific data is available to justify a non-zero value.

c. Environmental effects on crack growth shall be taken into account.

(1) The lower bound values of K__ , or equivalent, for the relevant fluid and material

combinations shall be used in fracture mechanics analysis unless approved by the
RFCB.

d. A material with a wide range in fracture toughness, defined as one with the minimum
value falling 20 percent below the average value, shall have samples tested from material out of
the same heat lot or out of remnant material used in fabrication of the part and be coordinated
with the RFCB.

e. Fracture toughness testing shall be explicitly required and coordinated with the RFCB
for components that are design-limited by fracture toughness.

f. Retardation effects on crack growth rates from variable amplitude loading shall not be
employed in analyses without the approval of the RFCB.

4.24.3 Loading Spectra

a. A load spectrum shall be developed for each fracture-critical part.

b. The load spectrum (mechanical, thermal, and environmental) shall include the load
level and the number of cycles or duration for each significant load during the hardware’s service

life.

c. Both cyclic and sustained loading spectra shall include effects of preloads, residual
stresses, and design-allowable welding joint discontinuities such as peaking and mismatch.

d. If pressure loading is present and assumed to decrease due to leakage from cracks, the
influence of all coatings/barriers on assumed leakage shall be assessed.

e. Assessments for external structures and components shall consider impact loads and

damage from mission environments including, but not limited to, credible impacts from vehicle
loss of external surface mass, MMOD, EV A inadvertent contacts, and EVA tool impact hazards.
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4.2.44  Flaw Screening for Fracture-Critical Parts

a. Fracture-critical parts shall be screened for flaws by NDE, proof testing, or process
control.

b. RFCB approval shall be required for flaw screening by proof tests or process control.
4.2.4.4.1 NDE

a. NDE shall be done on fracture-critical parts to establish that a low probability of
preexisting flaws is present in the hardware.

b. NDE inspections for fracture control shall be performed in accordance with NASA-
STD-(I)-5009 for metallic components and meet the intent of MIL-HDBK-6870 for composite
components.

c. Hardware that is proof tested as part of its acceptance (i.e., not screening for specific
flaws) shall receive post-proof NDE at critical welds and other critical locations identified in the
Fracture Control Plan.

4.2.4.4.2 Proof Test

a. Prior approval shall be required from the RFCB when a proof test is used as the flaw
screening technique.

b. Documented rationale shall be provided, demonstrating the component is not expected
to experience significant crack growth during the proof test, and/or a presumed crack size after the
proof test adequately accounts for growth during the test and demonstrates adequate damage
tolerant life.

c. When it is judged that a proof test is appropriate to screen a component or structure for
flaws, the proof test shall occur at the in-service temperature and environment.

If this is not feasible, an ECF can be used as approved by the RFCB.
4.2.4.4.3 Process Control

a. Prior approval shall be required from the RFCB when process control is used to
determine the initial defect sizes for damage tolerant analysis and/or testing.

b. Process control rationale submitted for RFCB approval shall include a statement
explaining why this alternate approach is being applied, an overview of the hardware, the

manufacturer’s experience base, process control during manufacture and subsequent life of the
component, all component testing, and summary arguments.
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NASA-HDBK-5010 contains an outline and guidance for building an acceptable process control
program for specific components.

4.2.4.5 Detected Cracks in Fracture-Critical Hardware

a. When a crack of any size is detected in fracture-critical hardware, the part shall be
scrapped or the crack removed or repaired.

If removal/repair of the crack is not feasible, with approval of the RFCB, a specific damage
tolerance assessment can be performed to justify the use of a fracture-critical part with detected
cracks.

b. If fracture mechanics analysis is used as part of the specific damage tolerance
assessment, upper bound crack growth rate, lower bound fracture toughness, and lower bound

fatigue crack growth threshold values shall be used.

c. The damage tolerant assessment shall also show adequate margin against fracture
toughness at four (4) times the service life.

4.3 Tracking for Fracture-Critical Parts

4.3.1 Materials

a. All materials used in fracture-critical parts shall be traceable by certificate of
compliance to material standards, an MUA, or engineering requirements stated on the drawing.

b. Material drawing notes shall be explicit and control the product form, condition, and
heat treatment of the material.

c. Processes with consequences for fracture control such as welding, etching, or plating
shall be controlled and documented.

4.3.2 Design, Analysis, and Hardware Configuration

a. During the development phase, a program shall be in place to assure that a delivered
fracture-critical part is as designed and assessed.

b. This program shall include sufficient tracking to provide for fracture control
assessment of load changes, modifications, or redesigns of the fracture-critical part.

c. Discrepancy reviews, or equivalent, shall be conducted for anomalies that could
affect part fracture characteristics and life.

4.3.3 Load History

a. The load history shall be maintained for fracture-critical parts.
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b. The load history shall include the load level, the number of cycles, and the
environments in which the loads occurred.

c. The history shall cover the entire life of the part, as described in section 4.2.4.3.

d. For multi-mission hardware, the used life of the hardware shall be documented
against the remaining life to assess flight readiness between missions from a fracture control
point of view.

4.3.4 Flaw Screening

a. Engineering drawings and equipment specifications for fracture-critical parts shall
contain notes that identify the part as fracture critical and specify the appropriate flaw-screening
method to be used on the part or raw material.

b. A record of part NDE and findings shall be maintained by the responsible NDE
organization.

c. Inspection records shall bear the stamp and/or signature of the inspector.

d. Proof test results shall be documented in a report.
4.4  Fracture Control Documentation

a. The fracture control program activities shall be documented and maintained under
configuration control for the life of the hardware.

Examples and guidance on documentation for fracture control are given in NASA-HDBK-5010.
Fracture control programs typically provide the following documentation:

(1) Fracture Control Plan

(2) Engineering drawings

(3) A fracture control summary report

(4) Presentation summarizing the fracture control program
(5) A detailed fracture control analysis report

(6) Inspection report

(7) Proof and damage tolerant test reports

(8) Load/use history

b. Projects shall review the above list with technical and engineering personnel so that
the appropriate data requirements can be levied.

Projects may combine plans, reports, and supporting documentation if documented in the
Fracture Control Plan.
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4.4.1 Fracture Control Plan
The Fracture Control Plan describes how fracture control requirements are expected to be met.

a. The Fracture Control Plan shall be written early in the program, prior to the
Preliminary Design Review (PDR).

b. The Fracture Control Plan shall be available at a Preliminary Requirements Review
(PRR).

c. The Fracture Control Plan shall list all the specific activities to be done to satisfy
fracture control; e.g., if the structure included a major glass component, the plan shall address the
approach to be used to show an acceptable fracture control process for the glass.

4.4.2 Engineering Drawings

a. The engineering drawings shall identify the parts that are fracture critical in the notes
of the individual part drawing along with the inspection and other pertinent criteria.

b. The type of NDE shall be specified (eddy current, penetrant, radiographic, or other
technique) along with a statement that “no detected cracks are allowed.”

c. Any detected cracks shall be reported for assessment according to section 4.2.4.5.

d. As applicable, processing or fabrication requirements that would affect fracture
properties of a fracture-critical part in a given application, such as heat treatments, welding
requirements and peaking/mismatch allowables, grain or fiber direction, and other critical
parameters, shall be specifically called out on the part drawing.

443 FCSR

a. To certify fracture control compliance of hardware, the HD shall prepare an FCSR on
the total system for review and approval by the RFCB.

b. Supporting detailed documentation such as drawings, calculations, analyses, data
printouts, inspection plans, records, specifications, certifications, reports, and procedures should
not be submitted as a part of the FCSR, but shall be made available for review by the RFCB, if
requested.

c. The FCSR shall be submitted by the Phase 3 Safety Review or by the final acceptance
review for flight certification of the hardware.

d. As a minimum, the following information shall be provided in the FCSR:

(1) Identification of fracture-critical parts and low-risk fracture parts, showing the
material and heat treatment used and the basis for part acceptability (i.e., damage
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tolerant analysis, test, acceptable durability, insignificant fatigue loading),
including the referencing of documents which contain and describe the
supporting data (as defined in section 4.4.5) required to demonstrate fracture
control requirements of the Agency, responsible Center, and Program.

(2) Fracture-critical parts that are limited life shall be specifically identified.

A. A statement to the effect that all other parts were examined and determined
to be non-fracture critical shall be included.

(3) A statement as to whether or not the hardware contains pressure vessels or
fracture-critical rotating equipment.

(4) Identification of the NDE and/or tests applied for fracture control purposes to
each fracture-critical part.

(5) Identification of fail-safe parts and a brief statement of the basis for
classification. Re-flown fail-safe hardware shall have verification that any
required “between mission” inspections have been performed.

(6) A statement that inspections or tests specified for fracture control were applied.

(7) A statement that the flight hardware configuration has been controlled and
verified for all fracture-critical parts.

(8) A statement that materials usage has been verified for fracture-critical parts.

(9) Copies of MUAs for fracture-critical or low-risk parts and a summary of the
discrepancy reviews, or equivalent reviews, of anomalies that could affect the
performance of fracture-critical parts.

(10 If applicable, a summary discussion of alternative approaches or specialized
assessment methodology applied, but not specifically covered by guidelines.

(11) If applicable, identification of any special considerations involving fracture
mechanics properties or data, inspections, analysis, or other parameters not
covered by the requirements set here.

(12) If during the program, no parts or procedures are identified that require
information as listed above, a statement to that effect with reference to
supporting documentation shall be submitted as the FCSR.

(13) If applicable, a summary of the configuration management (CM) system
used to store records.

4.4.4 Presentation Summarizing the Fracture Control Program

A presentation shall be made summarizing the fracture control program for review committees
and RFCB.

4.4.5 Detailed Fracture Control Analysis Report

a. A detailed fracture control analysis report shall be prepared to document the analyses
that have been performed to support fracture control.

b. This report shall contain sufficient detail to allow reviewers to check and reconstruct
all calculations.
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c. Hardware descriptions, program requirements, and analysis assumptions shall be
clearly stated.

4.4.6 Inspection Report

The inspection report shall contain a record of the inspection results identifying the part name;
part number; serial number; material and condition; NDE type and sensitivity level; a sketch of
the part showing the area inspected and type of crack inspected for; the results of the inspection;
and the inspector’s signature, date, and stamp.

Instead of a separate report, the inspection report may be included in an appendix of the detailed
fracture control analysis report (section 4.4.5), if available at the time that the inspection report
is published. Alternately, for long-term programs, a permanent CM system can be implemented
to store inspection records. A description of the CM system can be included in the Fracture
Control Plan to satisfy this requirement.

4.4.7 Test Report

a. If a proof test, damage tolerant test, vibration test, or other test is used to justify
fracture control compliance, the test results shall be documented in a report.

b. The hardware configuration, test setup, loading schedule, and environments shall be
documented.

c. Conclusions as to the acceptability of the hardware based on the test performed shall
be included in the report according to the criteria established in the detailed fracture control
analysis report (section 4.4.5).

For the routine proof test of lines, fittings, and pressurized components, the data sheets from the
manufacturer may suffice. Instead of a separate report, the test report may be included in an
appendix of the detailed fracture control analysis report (section 4.4.5), if available at the time
that the test report is published. Alternately, for long-term programs, a permanent CMCM
system can be implemented to store test reports. A description of the CM system can be included
in the Fracture Control Plan to satisfy this requirement.

4.4.8 Load/Use History

a. The project shall maintain a load and use history of fracture-critical items for the life
of the project.

b. The report shall track projected use against remaining life for each fracture-critical

part at appropriate intervals to document that the hardware is being operated within fracture
control requirements.
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Alternately, for long-term programs using a permanent CM system to store load/use records, a
description of the CM system can be included in the Fracture Control Plan to satisfy this
requirement.

4.5 Verification

a. Verification of compliance with fracture control requirements shall be the approved
Fracture Control Plan and the approved FCSR.

b. Approval shall be verified by a concurrence memorandum from the RFCB to the
applicable project office.

c. In the event of conflict between the RFCB and project office concerning verification
of compliance with fracture control requirements, the procedures in place at each NASA Center
to resolve technical conflict shall be followed, with the option to appeal to the NASA Chief
Engineer for final resolution.

4.6 Alternatives

In the event of specialized hardware or applications where the requirements in this standard are
not feasible or effective, or where potential cost savings are significant while maintaining an
acceptable level of safety, alternatives may be proposed.

a. Alternatives shall be approved by the responsible fracture control and safety
authorities.

General alternatives such as special risk assessments, special analysis or testing, unique NDE
approaches, special kinds of flaw screening, or flaw retardation may be proposed when

alternative methods are viable candidates for effective and efficient fracture control.

b. Approval shall be requested by the program/project immediately upon identification
of the need for an alternative procedure.

4.7 Other Requirements
It shall be understood that implementation of fracture control and full compliance with fracture
control requirements does not relieve the hardware from compliance with structural design and

test requirements, quality assurance requirements, or materials requirements that are applicable
independent of fracture control.
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5. GUIDANCE
51 Reference Documents
API-RP-579 Fitness-for-Service

NASA-HDBK-5010 Fracture Control Implementation Handbook for Payloads,
Experiments, and Similar Hardware

NASGRO® Fatigue Crack Growth Computer Program www.nasgro.swri.org
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2.0

This Speciffcation provides requirements and recommendstfons to be usad during
processing end fabricetion of 811 GE "Lexsn” shes! herdwerse. It s based on information -
from BF Lexsn tachnical publicstions, information provided by plastics machine shops, -
end know ledge developad by the Development Enginger ing snd Operations (DEO)
contractor for the L ife Sclences Project Office (LSPD). -

Ver fstions snd deviatfons from thess requirements ere allowsbls only with prior

approval ty DEO or LSPO enginsering It is recagnized that many plastics machine
shops have vast experfence, and recommendations for changes or deviations to this
specificalion ere encouraged. However, 8ny changes or devletions must be spproved by

DEO or LSPQ engineer ing in writing .

The purpase of this specification is to provide methods to produce consistent, high
quality parts. There are three feclors which collectively end eddit ively ceuse
degradation of Lexsn polycarbonsle sheel; mechenicel stress, environments!
contamination end temperature extrames . These thres faclors must bs cerefully
controlled dur ing pracessing of Lexan. Mechsnical stress s controlled by proper
machining and handling of Lexan to eliminate or minimizs any residusl stresses in the
material. Environmental contaminstion must be prevented by eliminating contact of
Lexan with eny hytdrocarbon materals, end other meterfals which ceuse degradation of
Lexan. Temperature is controlied by proper use of coolants dur ing machining

processss to maintain acceptable ta'r_lperaluras. _

BEQUIREHENTS
2.1 GENERAL SHOP PRACTICES

The most impor{ant ganers! shop prectice fs maintenance of & clesn working
environment, including tools end machinery. Contact with any hydrocerbons
or other detrimental mater ials must be prevented, including fumes. Common
trydrocarbons which are especisTly hermful to Lexen are Methylene Chioride,
Ethylene Chiorids, Tetrach lorosthane, Acelone, Ketones, Esters, Carbon -
Tetrachloride, and aromatic ydrocarbons. A clesn shop will also essist in
preventing scratches. Scretches visible with the unaided sys will be cause for
rejection of the hardware. Stacking of parts during processing fs not

- recommendsd 1f the protective papst hes been removed, s scrafches may
resull Lexan sheel shell not be Befl in direct sunlight s exisnded exposure can
dameage the Lexen. Verticel storage of Lexen sheet slock s recommendad.
Lexen shesis shall be preparsd for shipping by wrapping sach piece ssparslely

in & protective malerfal such &s paper. A sofl tissue paper works well.
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2.2 ANNEALING

A1l Lexsn shesls shall bs snneslad prior to febr icetion or mechining It s

recommended thal the shest be hung dur ihg the snnealing process. Prior to
annesling of the full sheet, 8 test sample sha!l be ennesled per the same proocess
& the final hardware from sech Lexsn stock sheet to be used. The test sample —
shall be & minimum 4 fnches square, and shelt be provided to DEO or LSPO for
fnspection prior to procseding with ennesling of the sheet stock. Shes! stock
may be cut to oversized blenks If desired prier to-annssling

The oven shall be of the sir circulstion type and shall be within current
celibration. A minfmum of ons Inch afr gap shall be maintained betwsen

shests. The follow ing prooess she!! be usad for ennealing

1. Remove 81l paper backing Seve for reepplicetion efter ennesling
g. Oven end Lexsn shall be 8t room tempersture +5 °F . - .

Place Lexan Sheet(s) in oven. Henging fs strangly
recommended. I henging fs not practicel, sheets may be efther
hor {2ontal or vertical but must be well supported scross the sheet.

Increese oven SOF every ten minutes unti] 1800F 2 SOF ks reached
Maintain oven sl 1809 2 SO for ten minutes per 0.10 fnchof

msterial thickness. _
Increese oven 20F every len minutas untf] 2209 & SOF fs reschad

Meintain oven et 2209F & SO for ten minutes per 0.10 fnch of

material thickness.
Increese oven 29F every len minules untfl 2400 to 2605F fs reachad.

Maintain oven et 2400 to 2609 for one hour per 0. 10 fnch of

thickness. _
10.  Decresss ovan 29 every ten minutes until 2200 + SOF #s reschad

1. Mointain oven 8t 2209 + 5% for 10 minutes per 0.10 inch of

materia] thickness. :
12. . Decreese oven 20F every en minutes untfl 1800F & S°F fs reached

13, Maintsin oven at 1809 2 S for ten minutes per 0.10 nchof

- mater fal thickness.
14.  Decresse oven SO every ten minutes until room temperature fs
resched ' ,

Ve vy na

15.  Remove Lexan Shests from oven.
16.  Reapply paper backing (apttonal),

A second snneal 1s ellowable efter mechining ff naedsd to reduce stresses
fnduced by machining. The pracess above ts o be used except steps 7, 8, 9, 10
ereeliminsted This post-mechining ennss! may be performed only once. i
should be usad selectively, &s soms dimensiana! changes may occur; ell drewing
requirements must be met after the annseling pracess.
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2.3

HACHINING

Machinery and tools to be usad dur ing pracessing, fabricetfon, and essembly of
Lexan must be free from all hydrocarbon residues or other detrimenta)
maleriels. This may require cleening of mechinery and taols prior 1o use, snd
ts subject to verification end inspectfon by DEO or LSPO Product Assursnce, —
Cleaning shall be performed using an scceptable meter fal per Paragraph 2.4,

2.3.1 Coolents
Use of conlants fs recommendsad for 811 mechining operetions.
Allowsble coolants are: Afr (of! fres)
Walsr or Waler Mist
Koolmist” formule 278 or
equivalent synthetic coolant
2.3.2 Drilling
Stendsrd meta] cutting drills are recommended, with the following
surfece speads and fesd rets.
CONDITION THICKNESS SURFACE SPEED
Below 1/4° 200 to 300 in/min
Dry :
1/4"01/2° 35010450 in/min
With  Below /4" 500 to 700 fn/min
Coolant
/4" 1/2° 1500 to 1600 In/min

Feed rets should be 00010 0 0.0015 fn/revolution.

Yery sharp cutting edges shall be maintained et ell times. Uss of tools
previously usad on metels ts not eliowsd  Use of new tools is

recammendsd. '

2.3.3 Tapping

Standerd stes] work ing taps are recommended Uss of taps previously
ussd on melals fs not 8llowed Use of new taps s recommended.
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2.3.4 Hilling/Routing

235

2.3.6

Stande~d stee] work ing end m1lls shall be used for milling
Recom mendad sur face speads end feed reles are shown below.

#4lling Recommendations for Lexen Resins
Speed Feed Depth Type of Cut
(in/min.) (in/min.) (mils) - (zurface)
1000-1500  2-5 50-125 Single-6ood
1200-1750 410 30-60 Basic-
Prior Lo finish

1500-2500 610 .- S5 Finfsh-

Afler besic cul

Yery sharp cutting edges must be maintained at all times. Uss of tools
previously used on metals ts not allowsd. Use of new tools ts

recommendsd.

Sewing

Use of sawing fs not recommendsd for finished edpes, &s & machined
ecge generslly has lower residusl stress. Sewing with e band saw shall
be performed using stendord band sow blades with ten fo eighteen testh

per inch. Recommendad blade speeds ere:

upto 1/4° thick 2500 - 3000 fpm
174"t 1°: 2000 - 2500 fpm

Panel or circuler saws may &lso be usad, only f equipped with Carbide

* blades using triple chip teeth and with recommended blade spesds of

6000 to 8000 fpm. Blades with 8 teeth per inch of ssw diameter shall

" o used from 1/4" 1o 4° of thickness. Fram $/4” to 178 blades shall

heve 10 o 12 teeth per inch of dismeter,
For thicknesses below 1/8°, bend sew, router, or shears shall be ussd.

Sheer ing

Power Mim fs rmnmamad The blade shall be ‘guillotine’ shaped,
with & 45° reke on the back edge and shall be 2-3 mfls from the bed,
&s tight &s possible to prevent elongetion of the sheel. ‘




2.4

2.5

2.6
26.1

26.2

CLEANING

Lexen fs highly susceptible to degradstion from var fous different types of
solvents and pther materials. For this resson materfals used with or near
Lexan must be carefully controlled. The only materiels or solvents to be use:
with Lexen unless specifically epproved by DEO or LSPO Engineering in

writing sre.

Water (room tempersture only)
M1i1d Tiquid soap and water (room tempersture only)

"Koolmist” coolsnt formule 78
Amway LOC liquid and water

BLAST CLEANIRG

Where specifiad on drawing(s),.blest cleaning shall be performad for the
purpass of removing 8 Margerd costing, or providing 8 rough surfece. Arees
not to be blest cleaned shall be carefully masked (using 8 materfo! conteining
no hydracerbons) to prevent scratching of these arees. Blast cleening shall bs
performed using 220 sluminum oxide gril. Meteriel removal shall be between

0001 and 0.002 inches.
INSPECTION REQUIREHENTS

Residual Stress

Residual stresses are not desirable in Lexan es cracking or erazing mey result.
Adherence o the requirements and recommendations in this document should
resull in stress free or negligibly stressed end items. Al Lexan sheel end
flems will be fnspected by DEO or LSPO Product Assurance for residuel
stresses using polarizing film. No clearly visible stress lines are allowable.
Parts with clesrly visible stress lines will be rejected

Environmenta) Control

All dimensional inspections shall be performed in an environmentslly
controlled sree. Tempersture shall be 6802 SOF and humidity shall be 60% 2
20%. Ciesnliness requirements of Peregraphs 2.1 and 2.4 must be adhered {0.
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